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DYNSYL: A GENERAL-PURPOSE DYNAMIC
SIMULATOR FOR CHEMICAL PROCESSES

ABSTRACT

Lawrence Livermore Laboratory is conducting a safeguards program for the
Nuclear Regulatory Commission. The goal of the N1aterial Control Project of this program
is to evaluate material control and accounting (NICA) methods in plants that handle special
nuclear material (SNN1). To this end we designed and implemented the dynamic chemical
plant simulation program DYNSYL. This program can be used to generate process data or
to provide estimates of process performance; it simulates both steady-state and dynamic
behavior. The NICA methods that may have to be evaluated range from sophisticated on-
line material trackers such as Kalman filter estimators, to relatively simple material balance
procede.res. This report describes the overall structuie of DYNSYL and includes some ex-
ample problems. The code is still in the experimental stage and revision is continuing.

INTROLWCTION

DYNSYL a modification of DYNSYS, I uses end of each time intersal. and printplot and plott:r
modular progran logie to simulate chemical piant results for selected stream parameters as a function
dynamic behasior. The differential equations of time.
generated by each process una module are
timewise-integrated by a stift equation system in- The program w as developed to simulate
teg ator. All equations can be integrated in a com- chemteal processes in the nuclear fuel cycle. The
pletely coupled mode, or the sarious units can be umt subrautines (moduleo asailable are a general-
simulated in an uncoupled mode. Input data re- purpose transport unit for equilibrium stage com-
quired melude in and out process stream numbers, putations with heat transfer (hquid-liquid or liquid-
operatmg parameters (size. rate canstants, opera- vapor), or for stirred-tank mixing and reaction: a

tion mode. etc.), and stream parameters (now rate. c6ntroller with s arious modes: a pipe: a pump, a
temperature, pressure. concentrations) for each highly acc arate extractor fo r uranium and
umt. as well as graphical and printed output plutonium coestraction or separatmn in Pures
speci fica tio n s, and simulation time specifications. plants: a riatonium orecipitator: and a plutonium
Operator-imtiated process changes may be input by concentr itor. Such simulations prc .ide data for
terminal materii accounting studies, particularly for on-line

Output results melude an input data echo, all schem;s. and allow studies of dy namic plant opera-
stream parameter and umt parameter salues ,1 the tion either for assessment or design

Pt :R POSE

DYNSYI has been designed and implemented T he process simulation proudes " measured
to help esaluate \1CA methods in plants that han- data" for N1C \ methods es aluationv The N1C A
die S N \1 To detect da ersion of SNN1 from method is often simulated dy namically in much the
chemical ;'meesses using NIC A methods. the same w ay that the process is simulated. with
process units and subsections of the plant must first measured data as the input and probabihty of detec-
be simulated in detail Hoth the steady-state and tion of a disersion as the output.
dy namic behasiors of the chemical process are I igure I shows the steps of a NICA method
needed to accurately esaluate 310 \ methods. es aluation. The process is first dy namically
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simulated using salidated models of the process process simulation as shown in l'ig.1.
units and instruments tha; proside simulated As well as prosiding the basis for MCA evalua-
measurements. These measured data are then input tions, the dy namic and steady-state process simula-
into the MCA method, and the probability ordetec- tions may also be used to check design salidity and
tion is derised for gisen levels of matern Jis rsion. to obtain nominal operating lesels for disersion
Ihe niaterial disersions are incorporated into the tests-
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RELATION TO PREVIOUS PROGRAMS

The dynamic chemical plant simulation w makes it easier to use CSN1P dynamic processs

hase described is a continuous timewise simulation, simulation. DYSCO is more modular in concept
as opposed to discrete time interval types that than PRODYC, allowing process ilow sheet simula-
simulate imentory and material flows in a plant tion entirely through input data specifications that
(i.e., G PSS, 2 G ASP, 3 Simscript i Continuous consist primarily of a process topology matrix and
dynamic simulations use differential and algebraie unit and stream specifications. The code is for-
models of each of the units in a plant. These models mulated with process design a, he major objectise;
are linked together to repr> sent a numerical simula- graphical interaction and ease of process alteration
tion of the analog behavior of the oserall system. are built-in.

Previous sersions of continuous dy namic plant
simulators incluac PRODYC, 5 DYSCO,6 Di NSYS was designed primarily as a batch
R ENIUS ' DYFI.OW,8 and DYNSYS, the model simulation program with no mteractive features in-
for DY NSi L All of 'hese simulation methods use cluded. It is otherwise basically the same as DYSCO
gen ric models of process units tha. can be com- with a tcpology matra, speafications for each unit,
bined to simulate a larger section of a plant. and stream specifications that are also the main

PRODYC interfaces the process unit simula- dy namie (state) s ariables in the simulation
tions to the IRN1 Continuous Systera N1odeling DYNSYS does, howeser, account better for cou-

4Program (CSN1P ) to soh e the sy stem of differen- pling effects between units as discur -1 in the nr u
tial eq uations generated PRODYC, t herefore, sec tio n.

PROGRAM MODULARITY

I wo basic toncepts are used to design dy namie and modular codes that do not require mathe-
chemical plant simulation codes: the equati a- matical formulations.
oriented and the niodular methods. The equation- Both methods hase ads a n tages. I quation-
oriented method (sometimes called continuous orrnted codes with complete equation coupling en-
sy stem simulation) deris es from analog simulation sure the greatest dy namie simulation accuracy, par-
methods (C S N1 P, 9 N11N110, I" 1.1 T N S l h th a t ticularly for large time steps, but require common
proside solutions to large numbers of simultaneous storage for all derivatise and. or variable values for
ir,terdependent differential equations. The method all mtegration ueps. 'I his requirement can impose a
requires only that all the reles ant equations be in- sesere hmii on the number of plant units that may
cluded GeneraM3, coupling betw een equations i- be simulated, particularly if the computer has smalln-
sluded in each solution step core storage On the other hand, the modular codes

T he modular method uses computer code sub- with no intermodular couphng can be used with
routines imodules) that compute the differentials of relatisely small core storage as the commons in the
the state sarubles awociated with the process unit code can be small, but accuracy may be poor unless
simulated by the module in most cases, equation the time mtersals are sery small. DYNSYS was
solutions for each module are determined mdepen- w rit ten with partial intermodular coupling: the
dently of the other modules during each time module equation solutions at each step of integra-
period I hus, coupling betweer modules occurs tion use couphng at all preuous steps. DYNSYI
only at the end of the time intersals and not at each on the other hand, prosides solutions with complete
step in the mtegration process as in most equation- couphng at each present step. Whde deseloping
oriented methodt As noted by I ranks ' equation- DYNSYl.. we endeasored to proside both com-
oriented codes m i> be consiJered to represent a pletely coupled and uncoupled modes of solution to
programnung les el in t ermed u te betw co n I OR- proude llexibihty to the user in simulating large and
I R \N (or other scientific programming language) small plants on his comr ater.
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UNIT SIODULE STRlTTURE

in DYNSYI , as in any modular chemical plant tam amount of precomputanon is usually needcJ.
dynamic sunulator, the umt module proudes ome- parucularly il the module allow s for ses cral opuons.
dern atne s alues of the time-dependent sariables in addmon. it is often beneficul to redetine s aruble
(states) wheneser they are nceded by the mtegration names m terms of the usual names for the umt
section of the computer ccde. Because most unit operation umulated. thus helpmg those unfamdiar
umulanons are lumped parameter umulations in with the program to understand its f unction.
which values of einuent stream sarubles equal the | igure 3 show s the ty pical makeup of a D't N-
salues of these sarubles m the umt twell-mixed ap- SYI module subprogram. Optional parts are show n
proximation), only the stream s ariable time m parenthesev Ts in D't NSYS. the module sub-
der n ain es are computed To base asadable all programs m DYNSYi are named as I Yl>l n w h.:re
necessary state saruble and pa ameter salues. the n is an mteger. t he subprograms are also idenut.:dr

umt modules nust adequately commumcate those m the executne part of the code with a descriptne
.alues from the mam program. In DY NSYl as m name. Ihat name should he gnen as a comment in
D Y N SY S. the commons rather than the sub- the subprogram l'ach subprogram should be
program arguments proside that communication. prefaced with a complete description ofits mtended
The commons contain the salues of the state use, capahihties. limitationt and other information
s a rubles. the unit parameters. and the topology helpful to the user.
matra, as well as other necessa. . s alues such as umt The s alues of the state s anab!cs are stored in
number. I igure 2 shows the makeup of the common the common array S(1.J. k) T he array S(2.j k) con-
statements m a DYNSYI module and a short tains the correspondmg salue3 of the state s aruble
description of the code. dern atn es in the subprogram description p re-

\fter au saruble and parameter salues are sented m hg.1. the dern atn es are first calculated
p ros ided in a module subprogram. the state as s alues of DERY (It 'T hese s alues are then con-
sariable denvatne salues may be computed A cer- serted to new s alues in the array S(2. J. k)

1C
2 PROGR AM DWSYL ( INPUT,0UTTUT, TAPE 2 = INPU T, TAPE 3 = 0UTPUT,
3 * DATA, TAPE 4-DATA)

4 L=3000E08
5 C ALL CRE ATE (4HDATA,L,ICO)
6 CALL CHANGE (2H+A)
7C
8C DYHSYL
9C

10 C DYHSYL IS AH LLL MODIFIED 'dRSIDH OF DYHSYS (BARHEY,
11 C AHLUUALIA AHD JOHHSON, F ACULTY OF EHG . SC I . , UN IV. OF UESTERN
12 C OHTARIO, AUGUST 1975) UHICH UTILIZES MODULAR PROGRAM LOGIC TO
L3 C E IMUL ATE CHEMIC AL PL AHT DWAMIC bEF AVIOR. THE TIMEUISE INTEGRATI0H
14 C OF THE DIFFERENTIAL EQUATIONS GENERATED BY EACH PROCESS l' HIT MODULE
15 C IS DONE BY THE LLL - PROGRAM DF IVE AND ITS SUB-PROGRAMS, A
16 C STIFF SYSTEM INTEGRATOR UITH GREAT STABILITY AND ROBUSTNESS. UITH
'17 C DRIVE AS THE EDUATIDH IN TE GR ATOR , ALL EDUATIONS GPHERATED BY THE
10 C UNIT MODULES ARE INTEGRA TED TOGETHER. is
19 C
20 C PROGRAM HOTES
21 C
22 C IT IS HECESSARY TO HUMBER THE STREAMS IN THE PLANT CONSECUTIWLY
23 C UITH THE IMPUT STREAMS FIRST ON THE LI6T. THIS ALLOUS THEM TO
24 C BE ES'CLUDED FRG.1 THE INTEGR ATI0H PROCESS. THE NUMBERING OF UNITS
25 C IH THE PL ANT IS ARB ITR ARY, BUT THEY SHOULD BE 1 THRU HE - UNITS. THE
26 C NUMBER OF UNITS AND STREAMS |JHICH MAY BE ACCOMODATED BY DYNSYL DEPEHDS
27 C OH THE DIMEMSIDHING OF COMMONS AND LOCAL RECORDS. IT IS PRESENTLY
28 C DIMENSIONtD FOR 35 UNITS AHD 45 STREAMS, BUT THAT ')ULD BE FEASIBLY
29 C EXPANDED TO 45 UNITS AND 60 STREAMS TO RUN UITHIH 500,000 UORD

30 C IH-CORE LIMIT. THE TIME REQUIRED FOR A RbH UITH 6U DYHAMIC VARI ABLES
31 C (13 STREAMS AND 6 VARIABLES) IS TYPICALLY 0.35 MINUTES.
32 L
33 C PROGRAM DESCRIPTIDH
34 C
35 C DYH5YL IS C0tPOSED OF MAIN.: IHPUT PROGoAMS DYN L AND GET; A

,

36 C UNIT C ALLIHG PROGPAM DW2; OUTPUT cP0 GRAMS OUTPUTS, SAVEP, UR I TEP , <s ;
,

ty. 2. DYNsYL deunrnon and o.mmo i blods. Kontinuta on nest puel
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37 C LPLOT, CALPLT(DD80 PLOT): COMMON PHYSICAL PROPERTY RO'JTIMES PROPS,
3B C MOUE, CPLI, CPVA, E N TL , LAMB, DEHL, DEHV, VAPR. UILS, BUBL, KVAL, TEPPL,
39 C AND TEt'PW INTEGR ATION ROUTIHES ''R IVE, STIFF. PSET, INTERP. COSET, DEC,
40 C AND SQL, A HOISE GEHERATIDH PROGRA11 HOISE- AND UNIT t10 DEL SUBROUTIHES
41 STGIDL, C ON TL R, PIPE, PUMP, E XTR TR, PRECIP, AHD EVAPTR. THE SUBROUTIHE"

42.C STGIDL MAY BE USED AS AH IDEAL STAGE OF EXTRACTION OR ABSORPTION, A
43 C FL ASH DRut1 UITH HE AT TR ANSFER, A HEAT EXCHANGER 00 - PEACTOR. EACH
44 C UHiT SUBROUTIHE t'AY HAVE OTHER SUBROUTIHES ASSOCli ITH IT UHICH
45 C ARE NOT H At1ED HERC . EACH UNIT SUBROUTINE IS DESCR IN MORE
46 C DETAIL UITH THE SUBROUTIHE ITSELF. UNIT SUBROUTIMES ARE EASILY ADDED, AS
47 C DESCRIBED IN THE MANUAL.
49 C
49 C THE COMt10H BLOCK VARI ABLES USED IN DYHSYL. ARE:

*50 C
5i C COMMON / MAT /
52 C
53 C t1P ( 35,13) = UP TO 13 STRE AM NUMBER C IN +, OUT -) FOR EACH UNIT (UP
54 C TO 35)
55 C EP(35,10) = UP TO 10 UNIT PARAMETER VALUES FOR EACH UNIT
56 C S12.45,11) = UP TO 11 STREAM VARI ABLES FOR EACH OF 45 STREAMS
57 C UHEN THE FIRST INDEX IS 1; UHEN THE FIRST INDEX IS
58 C 2, THE VALUES ARE TIME DERIVATIVES OF THE Vf.R! ABLES
59 C EXC50) = EXTRA UNIT PARAMETERS (SEE MANUAL)
60 C
6L C C OMM0H /C O N /
62 C
63 C HCOMP = MAXIMUt1 NUMBER OF COMP 0HENTS IN STREAMS
64 C NCS = HCOMP + 5
65 C HC3 HCOMP + 3
66 C HE = HUMBER OF UNITS IN PLANT
67 C HS = HUMBER OF STREAMS IN PLANT
68 C TMAX = FINAL TIME OF sit 1ULATION
69 C HB = NUMBER OF FEED STREAMS TO PLANT
70 C HL = F IRST COMPONENT IJHICH IS DYHAMIC
71 C H2 = LAST COMPONENT UHICH IS DYHAMIC
72 C
73 C C O MMO N /PL T/
74 C
75 C NPLOTS = NUMBER OF VAR I ABLES PLOT' ') (LINES 1
76 C PLOTI = TIME 'NCREMENT BETUEEH S AVE.i PO INTS

PLOTTING SPECIFICATI0HS FOR EACH OF 15 VARIABLES:77 C P LOTD ( 15,4) =

78 C STRE AM NUMBER, STREAM VARI ABLE, LOUER AHD UPPER
79 C PLOT L IMITS
80 C PLOTT = TIME VALUE OF LAST FAVED POINT
81 C PTYPE - UIDTH OF PRINT PLm: 0 FOR 100 SPACES, GT.0 FOR 50 SPACES
82 C HSTATE = nut 18ER OF DYNAMIC VARI A9LES
83 C
84 C COMHDH/0UT/
85 C
B6 C NOUTPT = 1 FOR PRINTED OUTPUT AT EACH TIME IHTERVAL
87 C HLINE = 1 FOR A PRINT PLOT

1 FOR A DD80 PLOTCOR OTHER PLOT DEVICE)88 C HCAL =

89 C HPR = HUMBER OF TIME INTERVALS PER SIMULATION
90 C HSAVE = IF GT.0, POINTS UILL BE SAVED FOR PLOTTING
9L C HHUMO = t FOR OUTPUT OF tJASURED DATA LISTCHSTATE VARI ABLES)
92 C
93 C COMMOHeGERR/
94 C
95 C JSTART = IF GT.0, PART OF SUBROUTIHE SAVEP IS SKIPPED
96 C TIME = CURREHT TIME VALUE
97 C H= IMITIAL INTEGRATOR IH TERVAL
98 C HINC = TIME IHCREMENT VALUE
99 C EPS = INTEGR ATION PRECIS IGH ( ABSOLUTE)

100 C
10L C COMM0H/GRAPHC/'
102 C
103 C HPTS = HUMBER OF PLOTTEC POINT
104 C TPLOT(1500) = TIME VALUESCUP TO 1500)
105 C YPLOT(1500,15) = UP TO 15 VARIABLE VALUES PLOTTED PER TIME VALUE
106 C XPLOT(1000) = UP TO 1000 VARIABLE VALUES PRINTED AS HERSURED
107 C DATA PER FIME VALUE
100 C

l'ig. 2. (Continued)
5
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109 C COMMON /IO/
110 C
111 C NIH = INPUT DEVICE
112 C HOUT = OUTPUT DEVICE FOR DATA ECHO AHD HORMAL DUTPUT
113 C HERR = OUTPUT DEVICE FOR ERROR MESSAGES AND LINE PLOT
114 C HPOIHT = OUTPUT DEVICE FOR MEASURED DATA
115 C
116 C C OMMON / U N I T/
L17 C
118 C IM = UNIT NUFEER
119 C HMP = MAXIMUM NUMBEER OF STREAMS IN AND OUT OF ANY UNIT
120 C
121 C CO MMON/1. ARM /
122 C
123 C STD = ABSOLUTE STANDARD DEVIATION CF PROCESS HOISE
124 C PRCHT = PER CENT OF VARI ABLE VALUE STANDARD DEVI ATION OF
L25 C PROCESS NOISE
126 C EMC = SEED VALUE FOR RANDOM HUMOEP GENERATOR
127 C EMSTD = ABSOLUTE STANDARD DEVI ATIDH OF MEASUREMENTS
128 C EMPRCT = PER CENT OF VARI ABLE VALUE STANDARD DEVI ATION OF
129 C MEASUREMENTS
130 C
131 D IMENS IDH Y(300), YDOT(300)
132 C0Ft0H / MAT / MP (35,13) , EP (35,10) ,5 (2,45,13) , EX(50)
133 C0r?10H / CON / NCOMP, NC5, NE, NS, Tl1AX, HC3, NB, N 1, N2, NF
134 COFF0H / PLT / 'LO TS, PLO T I, PLO TD t l5,4) , PLO TT, P TYPE, H STA TE
135

COMMON /0UT', J U TP T, N L I N E , N C A L , H P R , H S A VE , H H U MD136 COMMON /GERR JSTART, IMETH TIME, H,HH, H IHC, EPS, T, INTFL
137 COFt0H /GRAPHC/ NPTS, TPLOT(1500), YPLOT(1500,15),KrLOT(1000)
138 COMMON /IO/ H IN, NOUT, HERR, HPO INT, NPRT
L39 C O MM0H /CH AN GE /I C , JC , C TI ME
148 COMM0H/UN IT/IM HMP
141 COMMON /L ARM /STD, PRCH T, EMC, EMSTD EMPR CT
142 I N TE G E R O U TP R O , 0 U TS TO , 0 U TP R A , 0 U TS TA
143 D ATA H IN, HOUT, NERR, NPO INT /2,3,3,4/

I'ig. 2. (Continued)
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Subrou tine Type n
c

c (Subroutine descriptive name)
c

(description of subroutine, its capabilities, limitations, and other information helpful to users tc

C

CONT \1ON: Ni AT; nip (35,1.*' ' P(35,10) S(2 A5,13).EX(50)

CONINION CON. NCONtP NC5,NE,NS tnt AX,NC3.NB,N IST,NFIN

CONINtON GE R R/JST A R TJ NI ET il, TINT E JI,ll15C,1 PS,TT

CONINION CNITilN1,N\tP

(REAL variable bst)

(INTE GER sariable Int)

(Di\tFNSION variable list)
C

c (equipment parameter list, component list, etc.)

II (INII L.1- Q.0)* CO '10 2

REll RN

2 CONTINLI

(Rename vanables f rom S-array , equipment parameters from I P-array. stream names from alp-array.)

(Do prewmputations necessary to compute derisatnes of state variables at present timt .)

DO nn 1:1. number of state variables
"

Csed when this module
Di RY (1) = function of state sariables, equipment parameters called by DRIVI with DYN2.

nn CONIINt I _

Csed when ttus module called]tyOll\it =TI\tl -IllNC
Nt AIN with DYN2. Another

INDI X:t subroutine must be called by
DRIVI L to compute denvatives

C A LL DRIVI- L(N.O Ti\ll .ll Y.IINt F.l SP.1\ll Ill.IN DI N)* * . of Y usually named DI RY.

(post-computations necessary )

*(rename dernatne values with S array named

Rt il RN

1ND
_

'*lf the subroutine calls the intepator thn statement would be ti tlNI, ..lQ.l>GO 10 2.are their dernatnes; S(lj.k) raaps to Y(il for the intepator: S(2j k) maps to,itlj kl are state sanable salues; S(2j.k)
Di Rilit
* * 1be arguments are:

N - number of state s artables
011\t1 - beginning time of inten al
11 - integ,ation step si/c
Y - state s ariable name
11411 - final time of mters al
| PS - (onsergence c ritenon (f tion of sariable)
1\1b ill - integration method t integratur manual )

l ig.1. t nit ..dult subprogram dcwnption.

7
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THE INTEGR ATOR

T he integrator used in DYNSYS is a modifica- w hich represents all umts in the simulated plant.
IWintegration code for llesides includmg intermodular couphng. thetion of the ongmal GF AR

stiff systems of differential equations it is a sub- Gl \R-hased integrator in DYNSYS is deugned to
routine called by each unit module subprogram to handle stilf sets of equations. those with a wide
integrate the differential equations represented h> range f time constants m the sarious dit te ren t ui
the differentials of the 3 tate sariables. In DYNSYS eq u a t.an s integrated l 'n for t u naie k . use of

integrator is a two-step predictor-correetc r with DY NSYS with the umt modu!c SIGIDI isee \p-
a n: mum order of sis. 1 he mtegration is dene penda .\) caused many unstable cases that w cie im-
> > ner by an Adam-Ilashforth me: hod requiring possible to :ntegrate I or that reason an unprosed

.

s!crage of preuous deris atise s alues. or by a "stilF mtegration subprogram aas sought for DT NST 1.
method requiring storage cf preuous state s ariable I he subprogram chosen for DY NSYl is a ser-
s aiues. The integrator stores the s alues el all dif- sion of the (il .\R stitf integrator w ritten for use at
ferential or state sariables up to the order sn from I.I l 141t was deugned to serse as the miegrator m
all the unit module subprograms. For the present locally generated. contmuous-sy stem simulations
time inters al, all state variable s alues determined b) its main program. DRIVI . is called by the
the predictor step are as ailable for use m the cor're simulator. DRIVI- then calh SI11 I w hich calls a
tor step 'l herefo re, the pres ious state s a riable user-w ritten subprogran. to generate s alues of the
s alues account for couphng between eq u a tio n s. dif ferentials to be integrated W hen used with

Start DYN 1, GET
Outputs, WRITEP, C A LP LT Input

OUTPUT - initial values,
input velues, M AIN equation parameters,=

values of state, - calculation parameters,
variables and equation def aults, physical-

parameters at each time, "
parameters, property

graphic output c 2ef ficients
.

DRIVE
Gear
integrator

n

't

__._

DvN 2
Unit module
calier

n

TYPE NP ROPS, various
Unit modules,=

physical properties,
computation of=programs dif ferentials

lig. 4. ( oupled mnde of operathm of D) W I i gent ral strutture ).

,

,
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DYNSYL the I.l1. sersion of (il:TR n called by couphng only through the state s ariable s alues from

the m.nn program of DYNSYl Gl AR then calls the last time step

for s alues of each of the differentials m the umt l o efficiently 3oh e large sets of dif ferential
modules through an ordering program called equations, the (iE \ k mtegrator can use a New ton-
DY N2 bec Lig. 4) Under these circumstances the Raphson method reqmrmg Jacobian salues for the

miegrator uses present s alues of all dillerentials at state s arublev The mtegrator manual "explams all

each mter.auon step the options for as use. but f or the purposes of
DY NSYI we only considered two: analy ncal com-

\n alteinae use of Gl \R in DY NSYl. n putation of the Jacobian s a:ues m the unit module
deugned to use less memory capacity. In that mode subpropam , and numerical computation of the
the integrator is called by eas indn; dual umt Jacohun salues by the mtegrator lhe former
module subprogram. t he commons are thea only as choice sases computer time but the latter is more
large as the largest subprogram common because all tieuble. as ana > tica! J acohun exprewtons can, ini

state s ariable s al es for all orders are not stored many cases. he almost impowihle o derne. So f ar.
The al t e rn a *.c m od e accounts fo r mtermodular we base only used the numencal option

OVER Al.L PROGR AM STRlTTL RE

I he ceneral strus.ture of D\ W I. show n m I he structure show n m Ing 4 n for complete

t ip. 4. I he main program first calk a daa-readmg couphng of all equations of all units. If it is desired
program. D\ N 1, w hich also uses Gl. i . w hich, m to sase memory space m the computer. or if a sery

turn pnmarily reads alphamerie mformanon T he large chemical plant a to be simulated, an un-
mam program calls the integrator program I)RI\ l coupled mode may be used I he structure of that
(alter all necewary precomputations base been mode is show n in l'ig i
m ade ). DRI\ 1 calls I n 's 2. the unit module I he uncoupled mode n not nearly as efficient
program caller. through Sill I a subprogram of as the coupled mode, nor n a as accurate. because
D R I \ 1. Io determme updated salces of the state the mtegrator must he mauh/ed at the beginning of
s arubles atter e reh tun mere ,ent. the unit module each ume step of N1 \lN il the mterc ' tor n hemg
t,rog r a m s cempute salues of the dern atnes of the called by more than one umt module. T he multiple
state s arubles to he used hs the mtegrator program. order capahihties of the mtegrator are aho mter-
Ihe umt module programs call ine p hy sical rupted at each time step of \1 \lN.
property programs w hen necewary . At the end ot t he logic used m either the coupled or un-
each output nuers al bescral integrator ume mter. coupled mode n show n in 1 ig. 6. w hich show s the

s als). the mtegrator returns to the mam program so detailed orgam/ anon of DYNSYl. prunarily

that the output programs mas he called through suhroutme calh.

PROCESS TOPOLOGY AND PROCESS VARI AHl.ES

lo tran.mn to the urut module subrrograms l he s a!ues of the process s a ruhles are con-
S i .j . k ) . \s mentionedthose prt du streann connected to them. i: is tained in the array t

1. t he s alues are the stateUCtew ar) til deIlne a proCCu topolog) array. \ll' prCslously, w hen : =

o.it w hose s alces are the numbers of the streams s ananle s aluet when i = 2. t he salues are the
detmed w nhm the umt modules -\ umt n:odule dern atnes computed in the umt modules. I he s alue

might. f or instance. has e thrce streams connected to of j n the stream number 1 he s alues ot k indicate
it numhered I,12. and 13 11 the unn m the plant n the particular stream s aruh|es .n follow s 3 f or now
number 2. then the topolq > matrix s alues would be rate. 4 tor temperature. i f or prenure. and 6 to n for

\lP(2.1I l. \lP(2.2) = 12 and \1 Pi 2.31 = 13 contentratums of s arious components. where n n
Such an array makes powihle greater deubihty than the maumum dunenuen ot k I he s a|ue of the
if the stream numbers are assigned withm the umt stream number n % l.j.li and % la.2i n a nag wi.ose
modules dunng each use of the simulation tode s alue may ht isnise or necatne. It the stream Oag
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Start

DYN 1, GETOu tpu ts, W RITE P, CA LP LT o

OUTPUT
_

input
input values, values of

-

initial values, equation
MAIN parameters, calculationstate variables and e

equation parameters
_

parameters, def aults,
at each time, graphic

'

physical property
h coefficientsoutput

t

DYN 2
Unit module
caller

L

F

TYPCN
Unit modules,
computation of
differentials

o n

II

PROPS, various DRIVE
physical properties Gear
programs integrator

Fig. 5. I ncoupled mmie of operation of Di W l. t general structure n.

is negatise. that stream sector is suppressed in the her and j is parameter number. I ach umt may hase
output. up to 10 parameters in that array. plus additional

I quipment and other parameter salues are ones in sector I XOi ~I'at sector will be discussed
contained in the array I!Pti,ji. w here i is unit num- further in the section on INPl:T

VARIABLES AND ARRAYS

The process topology, s ariable, and equipment 1)Y NSYI program show n in Fig. 6. N!ost of these
parameter array s are the main common array s used are self-explanatory or become clear wi h use of thet

in I)Y N S Y l.. N!any other arrays and common I)YNSYl code, and thus we will not describe them
sariables are defined in the hsting from the main here.
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ERROR MESSAGES

l he error messages genera:ed by DYNSYl. are not be The DYNSYS manual i and 'he mtegrator
a combination of those from the original DY NSYS manual " contam suggested respon es to each of
and from the GEAR-integrator code. I he mes- the error messages that may be gei erated by the
sages are usually clear, but the proper remedy may code.

PROGRAM EXECUTION

Upon execution of the DYNSYl code, the stream and sariable numbers as well as the new
coded input s alues are first re td by subroutines uriable s alue for each change. T he proper format
DYNI and GET. The user is then imniediately in- for the input is alway s gnen Alter all changes are
formed of the FIN 11 salue and asked for the flN1E gnen, the user is asked for the next 'lIN1E s alue for
value for the first changem-state sariables. Such w hich a change will be nade. W heneser that IIN11
changes may be made to simulate process upsets, s alue exceeds the simu'ition time, execution is coni-
material daersions, or conno; actiont The re- pleted
quested TN1E value is mput through the te:minal. The files contaimng numerical and graphical
and execution resumes. output are created a hen the execution is eo npleted.

The user is informed when it is time for a The output desices from w hich these bles may be
change, and is asked to ty pe the number of state obt.uned by the user depend on .:omputer ty pe and
sariables to be changed. Ile is then asked for the user specifications.

IN PUT

The form of the input specificatieas for DYN- lis'ing is required. consisting of a unit module name
F Yl. is nearly the same as in DYNSYS. (I or a sery and the umt number followed by the stres n num-
t ampkte description of the input system used. the hers (in and out of the unit) and equ pment

I?YNSYS manual 1 may also be corsulted ) To il- parameters m the proper order (speedied bi the unit
lustrate the input format and some of the s ariations, module subprogram). If umt numbers are negalise,
the example input shown in hg. 7 will be discussed equipment parameters will be eutput. If strew
below . i he example is for simulation of a 14-sta3e numbers are negatn e, stre im now s are outw ard
extractor. w hich is show n schematically in i ig. S. I he formats are (3 44. I'l2.5) for umt nam. and

()ne may analy/e the necessary format for the number and (12N. 5l 12.5) for the stream numbers
input data by resiewing DYNI. gaen in the listmg a:J equipment parameters
m \ppenda B. There are ses e d d -fault ulues that A fter the alphamerie 1:N D. the number of
are first established These are hsted m Table I streams and stream sariable ulues at zero time are

Fo userride the default values, input ulues input. I he stream uriable ulues should he gnen in
may be read as shown in Table 2 |FOR NI A F (3 A4 the order mdicated for the state uriable array dis-

I115)] cussed pres tously, with the stream number and nag
A new umt module not already neluded as part as the first tuo It the stream flag is negatise. output

of the module hbrary can be m crteo mto the code n suppressed Again the format is (12N, 51:12 5)
through the mput data. The alphamerie 1 IBR TRY I he alphamerie I.N PlKi r or SPI CI Al. comes
ugnals new module-name input as show n in the ex- before each stream s ariable hst. I N P!KII in-
ample in | ig. S. T he number after 1.lllR A RY is the dicates th. t ulues for a particular stream are Inted
number of new modules The next hnes are the new SPlClTl f ollowed by a stream number indicates
module names and their numbers. Note that all that ulaes for that stream number through the
numerical input n noating-pomt esen when the stream number indicated m the array hst are gnen
nurabers are used as integers. T he formats are all SPICIAl allow s mput of cammon ulues for a
( 3 \4, i 12.5). number of stre. ms uung one mput hst

The alphamerie PROCl SS signals the begin- Atter the ;iphamerie 1 NP PROPI R Iil S in-
nmg of equipment and process data. An input dicates ths coe fficie n t s for seseral dif feren t
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property correlation equations for each component second number is 1.0 the lineplot is 50 spaces wide,
will be read The number of property equations de- if it is 0 0, the linep!ot is 100 spaces wide. The nest
pends on the number followine PROPERTIES. If lines gise the specifications for each s ariable
- 1 or -2 follows PROPERTIES, property coef- graphed: the stream number and variable, and the
ficients for water or air, respectisely. are assumed lower and upper ordinate limits.
by the program. The property equation coefficient If the user desires to continue with a different
input in DY NSYI is the same as in DYNSYS. see number of iterations in a gisen time, or with a dif-
Ref. I for details. The formats are (3A4. F'2.5) and feren t number of iterations between printing, he
(12N. Si 12.5). follows the procelure that we showed in the exam-

After another alphamerie END. GR APil in- ple. The time giu a is the final time, and the number
dicates with a subsequent number sescral graph of iterations is the number as if beginning at zero
hoes (variables) to be plotted by CALPLT or time. The prompt END must be gisen af ter each
LPl.0 F. The two numbc.s on the next hne indicate continuation specification and also to end the
the abselw " emert and the lineplot width. If the 3imulation

armen :aeamesamaaae ==ses
COLUMN USING STOIOL

14-STAGE EXTRACTIO.NTEST SIMULATION OF A
a ..m,s . ..s ::::erasa

'' 'G I N
MPONENTS 4.O

IN/OUT 10.0
TIME 100.0
NO OF ITRTNS 500.0
FEED STRMS 1 0
COUPLED STMS 33.0
FIRST COMP *1. 0
LAST COMP 7.0
ITER BTW PRT 10.0
NOISE STO OV 1.OE-3
PERCNT NOISE O.0
MEAS NOISE S 1.OE-2
M N"'SE PRCT O.0.

01, i P U T
NIMOUTPUT
C,LPLOT
L12CARY 1.0
TUBRxR 16.
PROCESS
STOIOL -1.0

1".O 0.0 0.0 -16.0 17.0
0.0 0.0 -18.0
0.0 13.7 13.7 100.0 100.0

0.30
STGIOL -2.0

14.0 0.0 0.0 -15.0 18.0
0.0 0.0 -19.0
0.0 13.7 13.7 100.0 100.0

0.30
STOlOL -3.0

13.0 0,O O.0 -14.0 19.0
C.O O.0 -20.0
0.0 13.7 13.7 100.0 100.0

0.30
STGIOL -4.0

12.0 0.0 0.0 -13.0 20.0
0.0 0.0 -21.0
0.0 13.7 13.7 100.C 100.0

O.30
STGtOL -5.0

11.0 0.0 0.0 -12.0 21.0
0.0 0.0 -22.0
0.0 13.7 13.7 100.0 100.0

0.30
STGIOL -6.0

10.0 0.0 0.0 -11.0 22.0
0.0 0,0 -23.0
0.0 13.7 13.7 100.0 100.0

0.30
STGIOL 7.0

9.0 0.0 0.0 -10.0 23 0
1.0 0.0 -24.0
0.0 13.7 13.7 100.0 100.0

0.30
STGIOL -8.0

8.0 0.0 0.0 -9.0 24.0

F ig. 7. I umple input for a 144tage estrattor with dnersism on input hne. (Continued on ont pa e)
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0.0 0.0 -25.0
0.0 13.7 13.7 100.0 . .'O . O

O.'l
STOIDL -9

7.. 0.0 0.0 -8.0 25.0
0.0 0.0 -26.0
O.O 13.7 13.7 100.O 100.O

O.30
STOIDL -10.0

6.0 0.0 0.0 7.0 26.0
0.0 0.0 -27.0
0.O 13.7 13.7 100.O 100.O

O.30
STOIDL -11.0

5.0 0.0 0.0 -6.0 27.0
0.0 0.0 -26.0
0.O 13.7 13.7 100.O 100.O

O.30
STOIDL -12.0

4.0 0.0 0.0 -5.0 2o.O
O.0 0.0 -29.0
0.O 13.7 13.7 100.O 100.O

O.30
STOIDL -13.0

3.0 0.0 0.0 -4.0 29.0
0.0 0.0 -30.0
0.0 13.7 13.7 100.0 100.0

0.30
STOIDL -14.0

2.O O.O O.0 -3.O 30.O
O.0 0.0 -31.0
0.0 13.7 13.7 100.0 100.0

0.30
STOICL -15.0

32.0 0.0 -1.0 -33.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.1 0.0 0.0 0.0
O.O

END
STREAMS 33.0
EXPLICIT

1.0 1.0 7.28 25 ( 1.0
9.5 4.78 3.1 1 .

SPECIAL 2.0
16.0 1.0 2.43 '. 5 . 0 1.0

SPEClAL 17.O
23.0 1.0 1.02 25.0 1.0

SPECIAL 24.0
31.0 1.0 8.3 25.0 1.0

EXPLICIT ,

32.0 1.0 7.28 25.0 1.0
9.5 4.78 3.1 0.0

EXPLIClT
33.0 1.0 0.0 25.0 1.0

END
PROPERTIES -1.0

END
GRAPH 4.0

2.0 0.0
16.0 7.0 0.0 20.0
31.0 7.0 0.0 1.0
1.0 3.0 0.0 10.0
1.0 7.0 0.0 10.0

CONTIf4UE
TIME 1000.0
NO CF ITRTNS 100.0
I TER B TW PRT 2.00
END
CONTINUE
TIME 10000.0
NO OF ITRTNS 500.0
ITER BTW PRT 10.0
END
END

Hg. 7. (continued) 7.. , p *, v'.
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Table 1. Input default salues.

Input vari:bles Dc finition

I MC = 0.0 Argumen t for random number generator

NIST=1 l'irst vanable to be a state saruHe

N FIN =6 Last s an;ble to be a state 53 ruble

NB=1 Number of nonsanahie streams

M AXNI =35 Mnimum number of umts

IIM L =0.0 Initial time va!ue

IS Til F=2 Stiff method of i;.tegr. on: I for Adams \h thod

MlIlR=2 N umerically compu ted Jat ob..n, see DRi\ l in lating

NCo tt P- 1 Number of components

N M P= 3 Maximum number of streams in and out of a unit

11= L - 3 Initial time int rement

'l M aX: 10.0 Sim ula tio n time

NPR=1 Numbcr of iterations to be run

I. PS= 0.001 Consergente entenon

N O U l l'I= 0 No r nntout of state sarubk salues

NN U M O.3 No pnntout of measurement sector s alues

NLINI =0 No lineplot

NCAL=0 No DDs0 plot

NGMI S=0 No nonfatal error messages

S1 D= 0.0 Standard desistion of process none

P R CN T= 0.0 SID as percent of state sanable sahe

L MSTD=0.0 Standard deviation of measurement none

LM P RCT = 0.0 l %ISl D as persent of measured sanable s alue

N RI'I: 1 Number of iterations between pnnting.

. n
1,.'

I
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Table 2. Input salues.

Input variable Numerical s alue De finition

BIGIN Starts input process; all preceeding labels are ignored

NONSlli L Causcs nonstiff integration

CO \ tit)N EN1 S Number of components

IN OL F Number of streams in and out of unit
I-I LD SIRL AMS Number of nonvariable streams

llRST val X lirst sariable to be a state sariable

LAST V AR X l ast variable to be a state variable

DILT X Initial time increment
Ilt!!: X Simulation time

NO Ol' ITI R X Number of in'erations to be run
TOLiRANCE X Convergence criterion

litR HIK PRI X Number of iterations between printing
NOISL X Standard desiation of process noise

F1 RCI NT NOIS X Above as percent of state variable value
StLAS NOISL X Standard deviation of measurement noise

St NOISL PRCr X Above as percent of state variable value

OUlPUT X Pnnt state variable values

NU \ LOU 1 PL T X Print measurement vector salues

llNI FI OI X Print plot to be output
CA L PLO f DD80 plot to be produced
NO \t LSS AG E Print nonfatal er:or messages

INil G \tElllOD X Value of SilTER in integrator.a

aMITI R=2 cauws Jacobian salues to be numerically d e te rmined.

,
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OUTPUT

The output of DYNSYl begins with an echo Ihe Dlh o plot produced by C AI.Pl T is
of the input in almost the same form, as shown in placed on disk under the name Pl.TX. A separate
I ig. 9 At each print time beginning with plot produced for each wntinuation of theis

TIN 11 =0.0, all stream variables except for sup- simulation. That ferm of output is frequently the
pressed streams ( nega tis e stream number in most useful for comparisons of sarious run condi-
S TRE A.\1S input) are printed. I igure 9 show s a tions.1:xamples for.the input and output are shown
sampling of output at s arious times. Ior each in 1 igs 10 through 12.
negatisc unit number the equipment specifications Another form of out; ut produced by DYN-
are also gnen at each print time. Any changes in SYl is tailored for onlint data analysis methods
stream sariables or equipment parameters by n- such as Kalman filters. I he measurement data see-
teractise input are, of course, retlected m the output tor is computed in the N1 AIN program. The sector
at the next print time. may contain any consecutise list of sariables from

If a kneplot is specified, it will follow the state each stream that is not an input (constant) stream.
s ariable and equipment parameter output after each Values from each interaction of N1 AIN are printed
simulation time (initial time and each continuation L by subroutine WRITEP when NUN 10UTPUT is
Some care must be esercised in specifying the time speenied in the input. I he form of the output is sim-
(abseissa) spacing. as the lineplot can become es- ply t. time salue followed by each state sariable
cessisely long. v lot .n order with a format of (6112.h

..... ............. .....

CO USING STG;DL
14 - S T AG E .E. X T R A C T I O. N...

LUMNSIMULATION OF A
T E. S. T ....... ...... ..

BEGIN
COMPONENTS 4.00000
iN/OUT 10 00000
TIME 100.00000
NO OF iTRTNS 500.00000
FEED SrRMS 1.00000
COUPLED STMS 33 00000
FiRST COMP 4.00000
LAST COMP 7 00000
|TER BTW PRT 10 00000
NOISE STD DV O C0100
PERCNT NOISE
MEAS NOISE S O 01000
M NOISE PRCT
OUTPUT
NUMOUTPUT
CALPLOT
PROCESS
STGIDL .

UNIT -1 TYPE 1

15 00000 O. O. -16 00000 17 00000
0. O. -18 00000 -0. -0.
O 13.70000 13 70000 100 00000 100 00000
0 30000 -0. -0. -0. -0.

STGIDL -2
UNIT -2 TYPE 1

14 00000 O. O. -15.00000 18.00000
O O. -19 00000 -0. -0.
O 13.70000 13.70000 100 00000 100.00000
0 30000 -0. -0 -0. -0.

STGIDL -3
UNIT -3 TYPE 1

13 00000 O. O -14 00000 19 00000
O. O. -20 00000 -0. -0.
O. 13 70000 13 70000 100.00000 100.00000
O 30000 -0 -0. -0 -0.

STGIDL -4
UNIT -4 TYPE 1

12 00000 O. O. -13.00000 20 00000
O O. -21 00000 -0 -0.
O 13 70000 13 70000 100 00000 100.00000
0 30000 -0. -0. -0 -O

STGIDL -5
UNtT -5 TYPE 1

11 00000 O. O. -12 00000 21 00000
O O -22 00000 -0 -O
O. 13 70000 13 7C000 100 00000 100 00C00
O 30000 -0 -0 -0 -0.

S 31DL -6
UNIT -6 TYPE 1

1O 00000 O O. -11 00000 22 00000
0 0 -23 00000 -0 -0.
O 13 70000 l 'J 70000 100 OOnOO 100 00000
0 30000 -0 -0 -0 -O

S T 31 Di. 7

UNIT 7 TYPE 1

l y. 9 I umple output for a lhine e stra tor w ah dm rlor on mpur Ime ((imtum 1 im nex t pan)

Ih |,%*1



9.00000 O. O. -10.00000 23.00000
1.00000 O. -24.00000 -0. -O
O. 15.70000 13.70000 100.00000 100.00000
0.30000 -0. -0. -0. -0.

STG')L -8
UNIT -8 TYPE 1

8.00000 O. O. -9.00000 24.00000
O. O. -25.00000 -0. -0.
O. 13.70000 13.70000 100.00000 100.00000
0.30000 -0. -0. -0. -0.

STGICL -9
UNIT ~9 TYPr j

7.00000 O. O. -8.00000 L5.OOOOO
O. O. -26.00000 -0. -0.
O. 13.70000 13.70000 100.00000 100.00000
0.30000 -0. -0. -0. -0.

STGIDL -10
UNIT-10 TYPE 1

6.00000 O. O. -7.00000 26.00000
0. O. -27.00000 -0. -0.
O. 13.70000 13.70000 100.00000 100.00000
0.30000 -0. -0. -0. -0.

STGIOL -11
UNIT-11 TYPE 1

5.00000 O. O. -6.00000 27.00000
0. O. -28.00000 -0. -0.
O. 13.70000 13.70000 100.00000 100.00000
0.30000 -0. -0. cO. -0.

STGIDL -12
UNIT-12 TYPE 1

4.00000 O. O. -5.00000 28.00000
O. O. -29.00000 -0. -0.
O. 13.70000 13.70000 100.00000 100.00000
0.30000 -0. -0. -0. -0.

STGIDL -13
UNIT-13 TYPE 1

3.00000 O. O. -4.00000 29.00000
O. O. -30.00000 -0. -0.
O 13.70000 17.70000 100.00000 100.00000
0 3OC00 -0. -0. -0. -0.

STGIDL -14
UNIT-14 TYPE 1

2 00000 O. O. -3.00000 30.00000
O. O. -31.00000 -0. -0.
O. 13.7CJOO 13.70000 100.00000 100.00000
0.30000 -0. -0. -0. -0.

STOlDL -15
UNIT-15 TYPE 1

32,00000 O. -1.00000 -33 00000 9.
O. O. O. O. O.
O. O.10000 O. O O.
O. -0. -0. -0. -0.

END
STREAMS 33
EMPLICIT
SPEC 1AL
SPEC!AL
SPEC 1AL
EXPLICIT
EXPLICIT

ENO
STREAM 1 00000 1.00000 7.28000 25.00000 1.00000

9 50000 4.76000 3 10000 0.
STREAM 2 00000 1 00000 2 43000 25.00000 1.00000

-0 -0. -O. -O
STREAM 3 00000 1 00000 2 43000 25.00000 1.00000

STREAM i 00000,
-0 -0. -O-O
1.00000 2 43000 25 00000 1.00000

-O -0 -0. -0.
STREAM 5 00000 1.00000 2 43000 25.00000 1.00000

-0. -0 -0. -0.
STREAM 6 00000 1 00000 2 43000 25.00000 1.00000

-O. -O. -0 -O.
STREAM 7 00000 1 00000 2 43000 25.00000 1.00000

-O. -0 -O. -O.
STREAM 8 00000 1.00000 2 43000 25.00000 1.00000

-0. -0 -0. -0.
STREAM 9 00000 1 00000 2 43000 25.00000 1 00000

-O. -O. -O. -O.
STREAM 10 00000 1.00000 2.43000 25 00000 1 00000

-0 -0 -0 -0.
STREAM 1i 00000 1 00000 2.43000 25 00000 1.00000

-O -O. -O. -0.
STREAM 12.00000 1 C0000 2.43000 25 00000 1 00000

-O. -O. -0 -O.
STFEAM 13 00000 1.00000 2 43000 25.00000 1.00000

-0 -0 -0. -O
STREAM 14 00000 1 00000 2 43000 25 00000 1.00000

-0 -0 -0 -O
STREAM 15 00C00 1 00000 2 43000 25.00000 1.00000

-O -0 -0. -0.
STREAM 16 00000 1 00000 2 43000 25 00000 1.00000

-0 -0 -0 -0.
'^| ~| .1~ l's " *
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STREAM 17.0000 1.00000 1.02000 25.00000 1.00000
-O. -O. -O. -O.

STREAM 18.OOOC1 1.00000 1.02000 25.00000 1.00000
-0. -O. -O. -O.

STREAM 19.00000 1.00000 1.02000 25.00000 1.00000
-0. -0. -0. -0.

STREAM 20.00000 1.00000 1.02000 25.00000 1.00000
-O. -O. -O. -O.

STREAM 21.00000 1.00000 1.02000 25.00C00 1,000C0

-O. -O. -O. -O.
! TREAM 22.00000 1.00000 1.02000 25.00000 1.00000

-0. -O. -O. -O.
STREAM 23.00000 1.00000 1.02000 25.00000 1.00000

v. -O. -O. -O.
STREAM 24.00000 1.00000 8.30000 25.000^O 1.0C000

-0. -0. -0. -0.
STRFAM 25.00000 1.00000 8.30000 25.00000 1.00000

-0. -O. -O. -O.
STREAM 26.00000 1.00000 8.30000 25.00000 1.00000

-0. -0. -0. -0.
STREAM 27.00000 1.00000 8.30000 25.00000 1.00000

-0. -0. -0. -0.
STREAM 28.00000 1.00000 8.30000 25.00000 1.00000

-0. -O, -0. -0.
STREAM 29.00000 1.00000 8.30000 25.00000 1.00000

-0. -0. -0. -0.
STREAM 30.00000 1.00000 8.30000 25.00000 1.00000

-O. -O. -O. -O.
STREAM 31.00000 1.00000 A.30000 25.00000 1.00000

-O. -0. -O. -O.
STREAM 32.00000 1.00000 7.28000 2'> . 0 0000 1.00000

9.50000 4.78000 3.10000 O.
STREAM 33.00000 '.00000 O. 25.00000 1.00000

-0. -0. -0. -0.
PROPERTIES -1.00000
PROPERTIES AS WATER
END
GRAPH 4

2.00000 O.
16.00000 7.00000 O. 20.00000
31.00000 7 00000 O. 1.00000
1.00000 3.00000 O. 10.00000
1.00000 7.00000 O. 10.00000

$$$$$ PROCESS VARIABLES AT TIME : O. $$$$$
STREAM FLOW TEMP PRES COMPONENTS

1 7.280 25.0 1.0 9.50000 4.7d000 3.10000 0
2 2.430 25.0 1.0 -0. -0. -0. -0.
1 2.430 25.0 1.0 -0. -0. -0. -0.
4 2.430 25.O '.O -0. -0. -0. -0.
5 2.400 PM O v -u. -0. O. -0.
6 2.430 25.0 1.0 -0. -0. -0.
7 2.430 25.0 1 0 -0. -0. J. -0.
: 2.430 25.0 0 -0. -0. -0. -0.
9 2.430 25.0 .O -0. -0. -0. -0.

10 2.430 25.0 1.0 -0. -0. -0. -0.
11 2.430 25.0 1.0 -0. -0. -0. -O.
12 2,430 25.0 1.0 -0. -0. -0. -0.
13 2.430 25.0 1.0 -0. -0. -n. -O,

14 2.430 25.0 1.0 -O. -0. -0. -0.
15 2.430 25.0 1.0 -0. -0. -0. -0.
16 2.430 25.0 1.0 -0. -0. -0. -0.
17 1. 02') 25.0 1.0 -0. -0. -0. -0.
18 1.02a 25 0 1.0 -0. -0. -0. -0.
19 1.020 25.0 1.0 -0. -0. -0. -0.
20 1.020 25.0 1.0 -0. -0. -0. -0.
21 1.020 25.0 1.0 -0. -0. -0. -0.
22 s.020 25.0 1.0 -0. -0, -0. -0.
23 1.020 25.0 1.0 -0. -0. -0. -0.
24 8 300 25 O 1.0 -0. -0. -0 -O.
25 8.300 25.0 1.0 -0. -0. -0. -0.
26 8.300 25.0 1.0 -0. -0. -0. -O.
27 8.300 25.0 1.0 -0. -0. -0. -0.
28 8.300 25.0 1.0 -0. -0. -0. -0.
29 8.300 25.O 1.O -0. -C. -0. -0.
30 8.300 25.0 1.0 -0. -0. -0. -0.
31 8.300 25.0 1.0 -0. -0. -0. -O,

32 7.280 25.0 1.0 9.50000 4.78000 3.10000 O.
33 O. 25.0 1 -0. -O. -0. -0.

O 1 O. 13.70000 13.70000 100.00000 100.00000

0 2 O. 13.70000 13.70000 100.00000 100.00000

0 3 O. 13.70000 13.70000 100.00000 100.00000

0 4 O. 13.70000 13.70000 100.00000 100.00000

O 5 O. 13.70000 13.70000 100.00000 100.00000

0 6 O. 13.!'000 13.70000 100.00000 100.00000

0 8 O. 13.70000 13.70000 100.00000 10).00000
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O 9 O. 13.70000 13.70000 10e 00000 100.00000

0 10 C. 13.70000 13 70000 100.00000 100.00000

0 11 O. 13.70000 13.70000 100 00000 100.00000

O 12 O. 13.70000 13.70000 100.00000 100.00000

O 13 O. 13.70000 13.70000 100 00000 100.00000

O 14 O. 13.70000 13.70000 1JO.00000 100.00000

O 15 O. O.10000 0. 9. O.

2.OOOOOE+00 55555$$$$$ PROCT SS VARIARI.ES AT TIME =

STREAM FLOW TEMP PRES CCMPONENTS
1 7.280 25 0 1 0 9.50000 4.78000 3.10r ;O O.
2 ?.430 25.0 1.3 0.00107 -O C0111 -O 00646 -0.00119
3 2.430 25 0 1.0 0 00267 -0.00048 -0.Om. '2 0.00054
4 2.430 25 0 1,O O 00086 -0.00051 O.(u 1 -0.00042
5 2 430 25 0 1.0 0 00061 -0.00194 0. O ' ' /6 -e.00013
6 2 430 25 0 1.0 0.00061 0.00090 -0.00010 -0.00009
7 2 430 25 0 1.0 0 00359 0.00111 O 00142 -O 00067
8 2.430 25.0 1.0 0.04342 0.02695 0.O!734 -0.00112
9 2.430 25 0 1.0 0.43501 0.30044 0 11532 -0.00120

10 2.430 25 0 1.0 7.49684 3.06977 0.33041 -0.00015
11 2.430 25 0 1.0 0.24063 0.07834 0.01009 0.00224
12 2.430 25 0 1.0 0.00546 0.00121 0.00072 0.00057
13 2 430 25 0 1.0 0 00071 0.00100 0.00006 -0.00203
14 2.430 25.O 1.O -0.00125 O 00012 -O 00063 O.00173
15 2.430 25 0 1.0 -0.00130 -0.00115 -0.00125 0.00039
16 2.430 25.0 1.0 -O 00032 0.00044 O 00120 -0.00023
17 1.020 25.0 1.0 '.00021 -0.00036 -0.00088 0.00089
18 1.020 25 0 1.0 s 00089 -0.30216 0.00086 0.00002
19 1.020 25 0 1.0 0 00001 O 00138 -0.00052 0.00118
20 1.020 25.0 1.0 -0.s0049 O 00142 -0.00106 -0.00091
21 1.020 25.0 1.0 0.OOv'a o o ^'. O -0.00123 0.00187
22 1.020 25 0 1.0 0.02311 L 00745 0.00002 -O 00033
23 1.020 25 0 1.0 0.98835 C.38975 0.04683 0.00036
24 8.300 25.0 1.0 0.64955 0.77283 1.69446 -0.00043
25 8.300 25.0 1.0 0 11272 0.24623 0.73128 0.00010
26 8.300 25 0 1.0 0 05494 0.11694 0.25360 0.00010
27 8.300 25.0 1.0 0.03002 0.04730 0.07188 0.00006
28 8.300 25.0 1.0 0.01089 0.01376 0.01507 -O 00122
29 8.300 25.0 1.0 0.00457 0.00261 0.00321 -O 00234
30 8.300 25.0 1.0 -0.00132 -0.00047 -0.00062 -O 00069
31 8.300 25.0 1 O O.00149 O 00023 -0.00137 -0.00116
32 7.280 25 0 1.0 9 30076 4.78004 3.10086 0.00088
33 O. 25.0 1.0 0.00060 0.00158 0.00078 -O 00141

0 1 0.00000 13.70000 13 70000 100.00000 100.00000

0 2 0.00000 13.70000 13 70000 100.00000 100.00000

O 3 0. OOC 36 13.70000 13.70000 1.00000 100.00000

0 4 0.00322 13.70000 13.70000 100.00000 100.00000

O 5 0.15890 13.70000 13.70000 100.00000 100.00000

O 6 7.21633 13 70000 13.70000 100.00000 100.00000

O 8 7.92722 13.70000 13.70000 100.00000 100.00000

O 9 2.09803 13.70000 13.70000 100.00000 100.00000

O 10 0 72900 13.70000 13.70000 100.00000 100.00000

O 11 0.22228 13.70000 13.70000 100.00000 100.00000

O 12 O 05446 13.70000 13.70000 100 OOOCO 100.00000

O 13 0.01110 13.70000 13.70000 100.00000 '00.00000

0 14 0.00196 13.70000 13.70000 100.00000 100.00000

O 15 O. O.10000 O. O. O.

$515$ PROCESS VARIABLES AT TIME - 4.OOOOOE+00 $$$$$
STREAM FLOW TEMP PRES COMPONE N T S

1 7.280 25.0 1.O 9.50000 4.78000 3.10000 O.
2 2.430 25.0 1.0 -0.00030 -0.00287 0.00027 0.00083
3 2.430 25.0 1 0 -0.00171 -0.00010 0.00167 0.00104
4 2.430 25.'O 1.0 0.00033 0.00152 -0.00112 -0.00119
5 2.430 25.O 1.O O.00073 O.00142 O.00143 -O 00148
6 2.430 25.0 1.0 0.00517 0.00699 O 01112 0.00028
7 2.430 25.O 1.O O.02658 0 03648 0 04882 0.00147
8 2.430 25.0 1 O O.12005 0.16363 0.15260 0.00193
9 2.430 25.0 1.0 0.99189 0.88592 0.32952 -0.00105

10 2.430 25.0 1 0 13.35762 5.73408 0 44555 -0.00063
11 2.430 25 0 1.0 1.74371 0.38242 0.02164 -0.00014
12 2.430 25.0 1.0 0.03878 0 00932 0.00053 0.00060
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13 2.430 25.0 1.0 0.00248 -0.00026 0.00081 0.00062
14 2.430 25.0 1.0 0.00101 0.00035 -O 00022 -0.00116
15 2.430 25.0 1.0 0.00065 -0.00031 0.00017 -0.00085
16 2.430 25.0 1.0 0.00112 -0.00008 0.00103 -0.00036
1/ 1.020 25.0 1.0 0.00049 0.00080 0.00016 -0.00085
18 1.020 25.0 1.0 0.00074 -0.00050 0.00032 -0.00065
19 1.020 25.0 1.0 -0.00197 0.00111 -0.00088 -0.00036
20 1.020 25.0 1.0 0.00221 0.00112 0.00153 -0.00117
21 1.020 25.0 1.0 0.00563 0.00301 -0.00052 -0.00003
22 1.020 25.0 1.0 0.266e5 0.06481 0.00526 O 00053
23 1.020 75.0 1.0 2.67661 1.47261 0.15891 *O.00095
24 8.300 P!5. O 1.O O.79757 O.92524 2.33062 -O.00209
25 8.300 25.0 1.0 0.08294 0.22279 1.55268 0. C )P 43
26 8.300 25.0 1.0 0.02283 0.10186 0.84811 0.Gv005
27 8.300 25.0 1.0 0.01652 0.06668 0..:OG70 0 00013
28 8.300 25.0 1.O O.01232 O.04621 O.17557 -0.00230
29 8.300 25,0 1.0 0.01111 0.02732 0.06770 -0.00021
30 8.300 25.0 1.0 0.00533 0.01115 O O2/04 -3.00039
31 8.300 25.0 1.0 0.00391 0.00390 0.00846 -O 00033
32 7.280 25.0 1.0 9.50028 4.78047 3.10133 0.00110
33 O. 25.0 1.0 0.00156 0.00090 -O 00118 0.00029

0 1 0.00000 13.70000 13.70000 100.00000 100.00000

0 2 0.00001 13.70000 13.70000 100.00000 100.00000

0 3 0.00060 13.70000 13.70000 100.00000 100.00000

0 4 0.02820 13.70000 13.70000 100.00000 100.00000

0 5 1.30873 13 70000 13.70000 100.00000 100.00000

O 6 29.06158 13 70000 13.70000 100.00000 100.00000

O 8 16.46328 13.70000 13.70000 100.00000 100.00000

0 9 3.82766 13.70000 13.70000 100.00000 100.00000

0 10 1.47743 13.70000 13.70000 100.00000 lon 00000

0 11 0.76358 13.70000 13.70000 100.00000 100.00000

0 12 0.40881 13.70000 13.70000 100.00000 100 OCOOC

0 13 0.19195 13.70000 13.70000 1CO.OOOOO 100.00000

0 14 0.07620 13.70000 13.70000 100.00000 100.00000

0 15 O. O.1C000 O. O. O.
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PROGRAM DEFICIENCIES

The DYNSYL code is now adequate for the output Such a schematic would aid greatly in
dy namic simulation of a short serier of umts in a provioing permanent documentation of the results.
chemical piant, particularly one that is composed e T he graphie and interactise parts of the
specit cally of the unit modules now asailable for code are specific to the LI I. computer system and

-

DY N SYl.. The code has seseral shut.omings, must be rewritten for other computer systems.
howeser, that need to be remedied to ensure its e i or general use in the chemical industry
most effectise use. Some of these are summarized as many more unit module subprograms must he writ-
follo w s: ten The new modules should be written to be as

e if some. units are to be cc -led and other" general as possible with specific aaplications deter-
not, at least two integrator programs are now re- mined by attached subroutines.
quired, because the G EAR-integrator is not w ritten DYNSYl. has already proven usefulin produe-
for such mned operation. ing simui,-:ed dy namic data for esaluation of on-

e The code produces no flowsheet schematic line mmterial control methods. Further applications
in its output to key into the numerical and graphic of the code will gradually espand its usefulness

-
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APPENDIX A
UNIT .TIODULE SUBPROGRAMS

STGIDI. (Type 1)

T his subprogram as presently w ritten represents one ideal stage for the coestraction of U * ^ and
Pu +4 from other salts. The stye may hne two iceds to and two ettluents from each phase-organic and
aqueout t he solumes of the two phases are constant at predeternuned salues. T he sum of solumetric mput
flow rates must, therefore. match the sum of s olumetric output flow ratet instantaneous output flow rates are
made to match any mput flow rate changes. If the aqueous s olume is specified as zero. the module functions as
a single-phase. perfectly mixed stage. As structured, the module may sery casily be generalved to accom-
modatt chemical reactions and. therefore. separation of Po + 'and t! '^ Also. with a change in ORG Pil, the
equihbr.um program and some statements contammg the I' and Pu molecular weights. any hquid-hquid ex--

traction may be simulated
|he nomenclature used in the program is as follows.

VOI(I) Organie phase s olume (I)
\ 01 ( 2) \queous phase solume (l)
XTilP N1 ass fraction tributyl phosphate m organic solsent
KV Rate constant for approach to equihbrium
KI X 1 Rate constant for solume change (not used)
IN S I G( ). INI DO Orgame mput streams (1.2)
Ol'T PRO. Ol"I S IO Orgame output streams (3.4)
I N S I G -\ . I N I- D A Aqueous input streann (5,fo
01 ' I S I -\. 01 ' I~ P R \ Aqueous output streams (7.%)
W (J ) Volumetne flow rate for stream J
I(J) l emperature for siteam J
Pt ] ) Pressure (not a sanable) for stream J
1. I N Total input aqueous flow rate
VIN f otal input organic flow rate
1011 Fotal output aqueous flow rate
VOUT fotal output organic flow rate
XIN(1) Aserage input aqueous concentration of component I
X O U I(l) Aserage output aqueous concentration of componem I
YIN (1) \serage input organic concentration of component i
YOl'I(l) As erage output organic concentration of component i
TIN .\verage input temperature
lOUF -\serage output temperature
Y l Dli Alli) 1:quihbrium org.une concentration of component I
Dl:RY(1) Rate of change of Y(1)
Di RN(1) Rate of change of X(1)
DIS ('Oti) Ratio of T IDliAI. (1) to X(1)

Ibe equipment parameters.1:P(IN1,Ji, are as follows:

I . P( I N1.1 ) Plutonium holdup. grams
li P( I N1.2 ) Organic phase solume (1)
i P(IN1.3) Aqueous phase solume (1)
1: P(I N1.4) Rate constant for solume change
I: Pt l N1,5 ) Rate constant for approach to equilibrium
I P(I N1.6) Weight fraction tributyl phosphate in organic phase
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CONTI.R (Type 2)

I his module n a sunple algchraie proportional-plus integral control element. Its m;)ut stream X is in-
formation trem a stream (temperature, consentration, flow rate) Ihe output n a signal to a control desis.e.
such as a s alte (V Al.V ) 11 the desiation f rom a set point n 1 = (N-set pomt) range the output signal Y n
gisen by d) dt = K gdi- dt + K l ). where K and K , are proportional gain and integral constant, respec-i g
tisely. l he module simulates this equation wi.hout using an outside mtegrator.

t he nomenclature used in tb ? module is as follea s

Pi l'roportional gam
P2 Integral constant
IN Input stream
(){'1 ()utput signal
K Variable indes
()!I) ()ld s alue of s ariabic
I }{ lt 1)es tation f rom sel point
()l.i) lift Old desiation

Ihe equipment par.uneters to be specined are.

I hlN1.11 Controlled s ariable mdes
i P(IN1.21 1(ange of controlled s ariable
i Pil N1.31 Set point of controlled sariable
i Pil\l.4i Proportional gain
I h lN1.5) Integral constant

I'll'E (Ty pe 3)

Simulation of flow through a pipe n. for purposes of dy namic plant modehng, essentially time-delay
with dnpersion.11 the pipe a relatnely long, the dnpersion may be renored. so this module n a pure delay It is
a modihcation ot !)! \Y m the original 1)YNSYS program. T he delay time may be fned or based on pipe
length and fluid selocits T he delay is accompinhed by stormg s alues of the stream sariables for the correct
number of time merements, and then usmg the s alues presiously stored as mput (esit f rom the pipet it n
possible to delay only a sele. ted part of a stream, makmg a crude simulation of dispersion possible. No m-
tegration a ms ob ed in thn module

l he nomenclamre n .n tollow s

Wi!. l.h i \tatrn of delased stream s alues
I Indes of past times in SN
i N1.u n t.u ned a , I in S N

k Indes of stream sariables
IN Input stream soutput trom upstream umt)
( )| | ()utput stream (mput to dow nstream unit)
Il \(i \ alue of delay time
in P 1 rau tion of stream not delay ed
N\ Numner of storage spaces m delay sector
lill linie i!iCrement

I hc equipment parameters that must he pecihed are

I hl\l.l > \ alue of a tised delay time or negatne of pipe solume f or sariable delay time.
I hlN1.'s i ract.on stream not delayed
I h l \1. h Number of storage spaces m delay sector
I h l\l.41 I lag /cro ill()w rate Ina) s Jr) L one t ilow rate rem liin constant al input s aluC)

' :1
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ENTRTR (Type 5)*

'Ihn h a module for multistage extraction and chenocal reaction simulation it n based on a progra'n
written by 1. I- flurkhart of Iowa State l'nnersity, and is capable of simulanng platomum-ur.uaum separa-
tion or cocstraction with sariable phase so|umes 14.c module does not account f or any backnusmg or dnper-
sion e!!ects Ihe number of equihbrium stages ma' be specified up to 20. the feed staet may also be speulied
Ihe stage solumes are uniform and are determini d from the specihed column soli It is aho pomhle to

i thn module. so thespecify the t.ne constan' f or changes in the phase solume rano. Integration occurs w n

integrator portions of I)Y NSYl are rio' :.d
\ schematic of the estraction column modeled n show n in I ig \-I with names of some of the

sariables show n. i he nomendature used in the module n as f. llow s-

\()l Aqueous f eed rate (14
3P Pseudo aqueous phase flow rate (I st
\ ') \ctual aqueous phase flow rate (does not s ary from suge to stage)
A l thru A9 ('onstants used in calculatmg uraniunuYl) and plutoniunu lV i dntribution toefliuenh
111 thru IU ( onstanS used in taiculating distribunon coefficients lor N() 2
I)l)I \() lime dern atne of pseudo aqueous phase flow rate
1)l)llil! lime dern atne of aqueous phase holdup
I)l)l()R lime dernatne of pseudo organic phase flow rate.
I)l) l ( ) R I- lime dern atne of organic feed flow rate
I)I lime increment between mtegration steps (si
()() New aqueous flow ra'e computed m control subrouting (I si
1 !!2 l)istribution coellleient for nitrous acid.
1:113 I)istribution coef ficient for miric acid
i N1112 (Or Illi nw;

I \1113 (Or lid nyu

1.\1 P iUr 11Il pu n ,
i \11' i()r 11)I i , s i,

l' Nil 2 (Or' T4'd nwy
i Nil 3 (Or' \q'lln w i

iNP (Or' Aq'11: p , n ,
1 N1' (( tr' -\ q ' d i,sj,.
I () \ P l ps i s ,
I() \t ' l-i , s ;, .

!11S 10" W i - 1.521

1 1 IlP (' . tree IilP concentration used in calculatme the dntribunon coefhcient for ilVi-
IINO2 \/ [IlNoi;l. aqueous feed concentranon t moles li
llN \/ [lIN |. aqueous teed concentration (moles h
II/A/ [11/], aqueous teed coacentration (moles I)
Il [Il *). hy drocen ion concentration, aqueous,imoles it
I l l' [Il +| at time t + at.
IIN [ Nil 011 +}. hydroxylamme concentranon. aqueous Imoles h2

I I N I- [ Nil Alit +]. at ume t * At
li N()2 [llNO;}, mtrous acid concentration. aqueous (moles It
il V )21 [lIN();]. at ame t + lt.
11 / |N;lls 4] hy dranne concentration. aqueous imoles it
11/1 [N;lls +} at tune t + lt
il M )2/ IlNO;!ced co, centration in organ. Ces h

IIN()2 \/ IIM); f eed concentratmn m aqueous feed (mais it
lil' Aqueous phase holdup d L
ll()!1)l P Name f or subroutine for calculating hoidups and flow rate parsmeters

>
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K11 K n, ionic strength fur.ction for [11 +j.
KP K Nts r
KU K tag gy
K1 Rate constant for reaction 1.
K2 Constant used in T EM4 in material balance calculations.
K3 Rate constant for reaction 3.
K4 Rate constant for reaction 2.
K5 Rate constant for reaction 4.
1. Number of equilibrium stages in the column.
M Sy mbol for Actitious stage (L+ 1), used to specify inputs and outputs at the

bottom stage (1.).
N Number of iterations or time steps specified.
NI i eed stage number.
NO3 NO concentration in aqueous phase (inoles/l).3

NO30 NO concentration in organic phase (moles /l).1

NO31 [NO ] at time t + lt, aqueous
3

NO3Z New NO concentration in organic feed (moles /l).3

NO3AZ NO concentration m the aqueous feed (moles /l).i
N7 (Ni -1), stage before feed stage.
NS ( N F + 1), stage after feed stage.
OF Pseudo organic phase Dow rate.
OR Organic phase Dow rate (does not s ary from stage to stage) (1/s).
ORF Organic feed now rate immediately preceding a flow rate upset (1/s).
ORI Organie phase now rate in scrub section (1/s).
OR2 Organic phase now rate in extraction se.: tion (OR2 = ORl + ORF).
P3A Pu+3 concentration in aqueous phase (moles /l).
P3 A F Pu+3at time t + lt, aqueous.
P4 A Pu+4 concentration in aqueous phase (moles /l).
P4 A l Pu+4at time t + St.
P40 Pu+4 concentration in org4nic ohase (moles /l).
P40/ Pu+4 concentration in organic feed (moles /l).
P40AZ Pu+4 concentration in organic feed immediately following a Pu feed concen-

tration upset (moles /l).
P U ll A l. Residual from oserall plutonium material balance oser the column.
RN -( Aq 'll).
RXN1 thru RXN5 Incremental change in material gained or lost to reaction for each time step

as determined by the kinetic rate equations.
sq. interstage time constant for pseudo aqueous now rate (s -1).TAQ r

or,interstage time constant for pseudo organie Cow rate (s -1).IOR r

UOZ [U(VI)]m, organic feed concentration (moles /l).
UA/ [U(VI)] sq. aqueous feed concentration (moles /l).
t'A [1(VI)] sq. aqueous feed concentration (moles /l).
UAF [U(VI)] sq.at time t + lt.
UO [U(VI)]or, U +4 concentration in the organic pF ae(moles /l).
UOF Uranium concentration in feed at steady-state immediately preceding an up-

set in uranium feed concentration (moles /l).
VOL Volume of a single theoretical stage (1).

The equipment parameters required by this module are:

1 P(I M ,1) Plutonium holdup in column g
E P(I M ,2) Number of equilibrium stages
EP(IM 3) Feed stage
L P(I M ,4) Column volume (1)
E P(I M ,5) Time constant for phase solume change (s)
E P(I M ,6) Weight fraction tributyl phosphate in organic stream -

- , i
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AQ-OR1 :

plutonium product stream

Stage 1

ORF - organic feed flow rate,1/s dcrub section
___

N7 = NF - 1
P40Z, UOZ, HNO2 NO3Z = organic
feed concentrations, moles /l NF Feed stage

AQF = aqueous feed flow rate, I/s N8 = NF + 1

P4AZ, U AZ, NO3AZ, HZAZ, HNO2AZ, _._

HN AZ, P3 AZ aqueous feed
concentrations, moles /l _

- Extraction section

_

_

-

Stage L

AO"

P4 A(M),
OR2 = OR1 + ORF = - Hydroxylamine and

P3A(M)'
Uranium product stream hydrazine enter here U A(M ),

(if colurnn used as a NO3(M),
uranium-plutoniurn

H N (M ),separator)
HZ(M),
HNO2tM),
U A(M),
H(M) =

aqueous stream concentrations, moles /l

t ig t.l. I strattion column showing location of streams and princ ipal sariaolts used in computer pro rain.g

,

_' L

i. s,

_
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PRECIP (Type 6)

This module simulates the dynamic behasior of a precipitator reactor for the precipitation of
plutonium as oxalate. A major component of the simulation is insolsed in the compittation of nucleation and
grow th rates of the precipitated Pu(C;O ); particles. Reference 15 details the derivation of the equations used4

to model the particle nucleation and growth process in the reactor. To use the module it is only necessary to
specify the reactor solume as the nucleation and growth rate constarts are specified in the program Two
streams must enter the reactor. one containing the plutonium solutior , the other the oxalate solution. Only
one stream exits the reactor-a mixture of filtrate and precipitate.

T he nomenclature used in the module is as follows:

AKG, ANG, AK B, ANB, RZRO Constants in nucleation and grow th equations
RO Pu(C;O ); particle density (g/cc)4
V Reactor volume (1)
Y(1) Concentration of plutonium in reactor solution (filtrate), (g!!)
Y(2) Filtrate flow rate (1/h)
Y(3) Con :entrc' ion of NO'iin reactor solution (moles /l)
Y(4) Contentrat.an of C;Ofin reactor (moles 'l)
Y(5) /ero moment of distribution
Y(6) First moment of distribution
Yt7) Second moment of distribution
YP) Third moment of distribution
iP Plutonium-solution feed rate (1, h)
iO Oxalate-rolution feed rate (Is h)
CP Concentration of plutonium in feed stream (g.<l)
CO Concentration of oxalate in oxalate-feed stream (molesfl)
Il R Total feed rate (11h)

The equipment param;ters are:

1 P(IN1,1 n Plutonium holdup ig)
1 P(INI,2) Reactor solume (1)

I he output s ariables are as follow s:

S( 2, N O l ' I .N Rate of change of feed now rates
S C h i,<) Rate of change of plutonium concentration in filtrate
S(2.N Ol!f,5) Rete of change of NOFconcentration in filtrate
S( 2.Not ' f,H Rate of change of C;Oj-concentration in filtrate
S(2.N Ol'f,10-12) Rates of change of particle sue distribution moments

EVAPI'R (Type 7)

Ihis module is the simple..t possible sersion of an esaporator module that may be used as a
plutomum-solution concentrator simulation. It is an adaptation of the perfectly-mixed evapora'or written by
R udolf Ro/sa at I l.l. The solution properties were all internally generated and were fixed in the earlier
progrant I his propam was generalized to use sariable properties (density, heat of saporvation, heat
capacity ) computed by the propert) subroutines in DYNSYI We integrated analytically in this module
besause the b.ilance equations w ere linear.

31
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The nomenclature used is as follows:

IN Input stream
OUT Output stream
VAP Vapor stream
STEANI Steam stream to heater
N11 IN Feed rate (moles /h)
XIPU Plutonium mole fraction in fee.!
NIST N1 Steam rate (moles h)
PV PS Vapor presure
PR ESS Presure in sapor stream
T EN1P Temperature of vapor stream
DAVGOUT Density of product liquid
XOPU Plutonium mole fraction in product
V Esaporator solume (liquid phase)

The only equipment parameters are:

EP(I N1,1 ) Plutonium holdup ig)
I P(IN1,2) Volume (1)
cpi lleat capacity of stream -i
RilOi Densits of stream -i

GNTRNS (Type 8)

This is a sin alation of a unit capable of heat transfer, two-phase equihbrium (hquid-hquid or sapor-
liouid), and chemical reaction. The module is not t perfected and more changes will undoubteo.; made.
When perfected, the module will be able to simulate the dy namic behas tor of ideal extraction and dis' Ilation
(or llash) stages, mixed reae: ors, evaporators, heat exchangers, or condensers.

The nomenclature used in GNTRNS is the same a in STGIDI. with some additional terms. T hese
are as follows:

liCOEF External heat transfer coefficient
IIAREA External heat transfer area
N TYPE /ero for extraction; one for nash

II T etc. lieat capacity

.

The equipment parameters to be specified are as follows:

E P(I N1,1 ) Plutonium holdup (g)
E P(I N1,2) Total solume (1)
E P(I N1,3) Aqueous or liquid phase solume (1)
E P(I N1,4) Rate constant for solume change
E P(I N1,5 ) P. ate constant for apfroach to equilibrium
E P(I N1,6) \ olume fraction tributyl phosphate
E P(I N1,7) rnal heat transfer coefficient (cal /(cm 2 s C))
E P(I N1,8) External heat transfer area (cm 2)

'
o

E P(i .\1,9) Stage type: 0 for extraction, I for flash
.s

._\r
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VAI.V (Type 9)

As w ritten, this module simulates the simplest possible control valse or electrical current controller.
T he output rate is simply proportional to the controller signal or propor:ional to the maximum controller
signal (l.0 in this case) minus the current signal. Generalization to include other actions would be sery simple.

T he nomenclature is:

IN Input signal trom controller (CONTl_R)
OITI Controlled stream now rate (or current if electrical)

T he unit parameters are:

1 P(IN1,1) Prope.tionally constant for valse action.
I P(IN1,2) Litise causes proportional action; negatise causes reserse proportional action.

33 ,,!- n
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APPENDIX B
PROGRAM LISTING WITil

UNIT MODULE SUHPROGRAMS

The DYNSYl. code has many comments that help explain each section to the user. We nase en-
deasored to make the unit module subprogram esen more self-explanatory. The coJe is Inted with the
primary sections in the following order: main and input-output, phy sical properties, integrator, and unit
modules. The order of the specilie subroutines and their purpose is as follows:

N1NIN Calhng program
DYNI Numerical input and initialization
Gl.T Alphamerie input
DYN2 l' nit module calling program
OUTPUIS Numerical output of state variables
S A V I!P Computation of plot sariables
W RITl:P Output of measurement sector
1.Pl.O F 1.ineplot output
(' NI.Pl.T DDx0 plot routine
PROPS Read constants for phy sical properties
510W l Aserage molecular weight
C PI. A Aserage liquid heat capacity
CPVA Aserage s apor heat capacity
liN T1. Aserage liquid ernhalpy
liN TV Aserage s apor enthalpy
1. A N111 ileat of sapori/ation
Di N1. Ascrage hquid molal d. ly

DiNV Ascrage sapor molal density
VAPR Vapor pressure
Wil.S Aetnity coefficients
llU llt. Ilubble point
K V A l. Vapor-hquid equilibrium ratio
T liN1 Pl. 1.iquid heat balance
I I: N1 PV Vapor heat balance
DRIVI. Stain program of mtegrator
NOISI. Process and measurement noise
S Fl!-l Integration control program
PSI; F Computation with Jacobian
I N I I.R P Interpolation of state s ariables
COSI . T Integration coeflicients
01 C N1atra triangularitation
SOI. Solution matrn equations
SI(ilDl. (iencral ideal s; age
1:X 1 R I R N1ultistage estraction for uranium and plutonium
PRl:CIP Precipitator for plutonium osalate
1:V A P 1 R i saroratne concentrator for Put N()m
CON Fl.R Controller
PIPli i low delay and dispersion
Pl .' N1 P l-low drner and head source

o
,

'

/
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144 IB CONT-
145 C
6 46 C ! .I; P .t2E PRINT AND INTEGRATOR PARAMETERS
1',7 r

148 NPPINT=0
149 ItiDEX= 1
150 33 TART =C
151 r
152 [' READ DFTH
153 C
154 C1LL DYll!
155 C
156 C SET UP INITI AL VALUES FOR GEdH VECTOR COUNT157 C
150 NPTS=0
159 PLO TT = 0. 0
160 20 CONTINUE
161 C
162 C TE Rt1Ill AL INPUT
163 C
164 UOT 59."t"' TIME IS NOU " ", F 10.5) ', TIME
165 UOT 59, "("' TYPE TIME FOR NEXT PROCESS CH ANGE, F 10,5 '') *
166 R I T 59, " (F 10. 5) ", CTIt1E *

167 C
160 C C 0t1PUTATION INTERVAL SIZE
169 C
170 HINC=TMA WilPR
171 H3-HINC/10.0
172 O T I ME = T I|1E
1?3 C
174 C INITI AL PLOT AND PRINTOUT VALUES
L75 C
176 IF ( NS A VE . G T. 01 C ALL S AVEP
177 IF ( N O U TP T. E O .11 C ALL QUTPUTS
178 JSTART-1
!?9 IF CTIME.NE.O.0) GO TO 40
180 C
181 C IN I TI AL ME ASUPE MENT D 1T4 P O IN TS
IH2 E
103 CD TO 77
1C4 40 EONTINUE
105 T I ME = U T I ME 4 H UC
186 IF T ! I T . L t . C T I ME ) CD TO 41
1D? E
100 C TERMIhoL INPUT
10" E
IN L'OT M . " T i r 'E IS NOJ " " . F 10 . 51 ", T I ME.

191 ! :0 T 'n
"i' " Ti FE NL BER CC CD'PCNENTE CWnNGED. 15 " " ) *19? RIT no . " < I S 1 ", N u t1

DO 4 I " 1. ti H14 ,

194 L J T S 7. " i - " ripe CHnN;r S T R E n M A N D C 0 t'i' N' ' t ~? r P S , 2I5"")"
!Pi ult 5+."i2158' .IC.JC
l' MT " i ' * T'i r E N M V,4 L U E F 0 ? Sf1.I.J) . F 10 . " ' '' 1 *4

lv CIT <a.>irin.51 .;,1.Ic.jc;
i. 45 L UH1 It.:!E
t. l 'U r 5 4 ' i ' " T ', F F Tpr FCp NER FFC r'A CH ANSE . F10.5"")"
N' c!T w. tr'O.St ' . C T ' t 'E
'

. ,1 ! 1! ECNTINtt
'e' l'iII; i!'

f t? : I f ! ', ' . !;T . t J l C[ 'O c' O

li- 0
? ?

JOT I-d : E i 4TP I: T C ','E i' T C O FCp I N TE rJ A TJ P
'

-

,

b
'

a ,Ig

?3 .U ! N | . fi2'

';it 7: N+1
ilI , ihl i1.' J1
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216 C SEE NOTES !!! DRIVE FOR ARGUMENT VARI ABLE DEFINITIONS
217 C AND VALUES FOR I t1E TH , THE ItiTEGRATICri METHOD PARAMETER
219 C
219 C ALL DR IVE i 11, OTIME , H, Y, Tit 1E , EPS, ItiE TH , IIIDEX)
22 f1 H=0
221 C
222 C C0!iVERT VECTOR BACK TO VAR I ABLE t1ATR IX
223 C
224 DO 45 ! =ll0. HF
225 DO 44 J=til,ll2

226 H=H+1
227 S(1.I.J)=YIH1
220 44 C0t|TIllUE
229 45 CollT!tIUE
230 C
231 C C0t1PUTATIONS UITHOUT USE OF DRIVE
232 C
233 30 IF (HF.EO.!IS) GO TO 39
234 IHTFL-1
235 T=0 Tite
236 YC11=0.0
237 iDOTt11-0.0
230 H=1
239 DO 38 I=1,10
240 T=T+HH
241 C ALL DYH2 ( tl . T, Y, YDOT)
242 38 C0tiTIlluE
243 39 CONTIllUE
244 C SAVE VALUES FOR PLOT
245 C
246 IF(H59VE.GT.0) CALL SAVEP
247 H P R Ill T =liF P IN T+ 1
240 O TIl1C = T I t1E
249 IF f uPR INT.LT.HPRTJ GO TO 77
250 flPR INT =0
251 C
252 C PPIHT DUTPUT IF HPRINT = HPRT
25i C
254 I F ( fl0U TP T. F O .11 CALL QUTPUTS
255 77 H=0
256 C
257 C CD:1PUTE tEASUREMENT VECTOR
250 C
259 DD 72 I = tl0, IIS

260 00 71 J = ti l, H2

261 Il = H + 1

262 XPLO T i ll i = S ( 1,I,JJ
263 71 C0llTIllUE
264 ?2 C0t|TIllUE
265 HSTATE=ll
266 C
267 C ADD l'E ASUREt1EHT tiCISE
268 C
269 CALL t10ISE f riS TATE, XPLOT, EMSTD, Et1PRCT, EMC)
270 C
271 C PR !!iT t1E ASUPEMENT DATA
272 C
273 IF f ilH u t10 . E O .11 CALL (JR ITEP
274 47 C0tlTIHUE
275 TF Ill = 0. 99999 + Tt1AX
2 ?ti IF ( T I t .E . L T. TF I H 1 GO TO 40
2?? C
270 C PP !!iT PR IllTPLOT
2?9 C ''

280 IF ( flL IllE . EO .1) CALL LPLOT ,

201 C 1

202 C PLO TTER CALL s

.(s203 C
204 IF I NC AL . E O .1) CALL CALPLT
285 C
206 C TEST FOR COHT!HUATIDH DATA
2R? C
200 CALL GET ( ll . t1, '. 0 )
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200 IF 'is . E O . dHCHD 1 CHL L EP:IT(1)
29a C
291 E FFiEAT CA!'.E SIMULATIGH
7 q ;> c
245 IF tH.tH. W EPEi CD TO 10
294 C
P6 C f 0HTItiUE 'CR HDDITICHAL TIME
:> 9 h C
M? IF in.FD.4HCGHT GO TO 100
"iu UPITF iHFPP.llai
'')1 C AL L. EXlit1)
.' !88 CHLL lWH1'

30s GO TC 20
302 C
303 C
304 110 F D P MA T (41H LAST CARD f*JST BE END,PEPEPT OR CONTINUE)
303 120 F D Pl1R T i - . 20X. 2 t h +++ Tt1AX APPPORCHED ++H
306 END

307 C
309 C
309 SUBPCUTINE DYM1
310 C
311 C DYH1 PEADS AND ECHJES THE DATA Sr
312 C
313 C011M0'i /UN IT/ IM,NMP
314 COMMON t1HT/ MP ( 35,13) EP (35, IB) , S (2,45,13) , EX(50)
315 L CMICi C OH/ NC OMP . tic 5, HE , NS, TMAX, HC3, H9, H 1, H2, HF
316 C OMt10li PL T/ HPLOTS, PLO T L , PLU 1 D C 15,4) , PLOTT, P TYPE

31? C O M:10H 0UT/ HOUTPT,HLINE,HCAL,HPR,HSA'd,NMUMO
319 COMMCH / CEP R/ J S TAR T, IME TH. tit 1E, H . HH, H INC, EPS . T, INTFL

319 C OMMCli '10 / H IN . HOU T. HEPP, HPO ltiT, HPRT
320 0 MM0' 4 / L A P M/S TD . P P C H T, Et*C . E t 1S T D . EMP P C T

321 D I ME tis I D H AMt200).SS(2,45,11)
322 D I ME NS I G H ITAGt30), JTAGt30)
323 C
324 C EQUIPMENT (UNIT) MODULE NAMES

32E C
326 DATA I TH G / 4H S T G I , 4H C O N T , 4H P I P E . 4H P U MP , 4H E XTR , 4H P P E C

'

327 1, 4H E VA P . 4H G tl TP , 4H VA L V. 21 * 4H

320 DATH JTAS/4hDL .4HLP .4H 4H . 4H fR ,4 HIP

329 1.4HTR .4HHS ,22+4H -

330 C
331 !F f JS TART.fiE .01 GO TO 310
332 ' P ITE (HOUT,390

333 C
334 C DEFRULT VALUES
335 C
336 E MC = 0. 0
33.' tilST=1
33B HF If f =6
339 HB=1
NU !!F = 0
341 M cHE=35
343 tit'E=0.0
343 ISTIFF =2
344 MtTEP=2
343 H=1.0E-08
J, i t C O MP = 1

3 4:' HMP=5
349 TMAX=10.0
349 HPR=1
350 EPS=0.C01
351 HOUTPT=0
352 NHUM0=0
353 HLIHE=0
354 tic AL = 0
35'i NOMES=0
356 L ?1Ill = 1. 0 E-0 6
3 5.- aTD=0.0
354 PPCHT=0.0
354 EnsTD=0.0
360 EMPRCT=0.0
3Gi l'P P T = 1
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362 C
363 C READ AND COPY TITLE
364 C
365 10 READ (HIN,410) ( AMC I), I= 1,18)
366 UR I TE t iiO U T,400 ) ( AM( I) , I = l 18)

367 IF ( AMC 1) .NE.4HBEG I) GO TD LB
360 C
369 C RE AD S It1UL ATICH DATA
370 C
371 20 CALL GET (H,il,X,1)
372 IF (H.EO.4HH0HS) ISTIFF-1
373 IF (ll . E O . 4H C 0 t1P ) H C O MP = X+i) . 05
374 IF ( fl . E O . 4H I H /D i Ht1P=X+0.05
375 IF fH.EO.4HFEED) HB-X+0.05
376 IF (H.EO.4HCDUP) HF=X+0.05
377 IF (H.EO.4HFIRS) HIST =X+.05
370 IF r H . EO . 4HL AS T) NFIH=X+.05
379 IF ( H . E O . 4H T I ME ; Tt1A X= X
380 IF (ll.EO.4HND 01 NPR=X+0.05
381 IF (H.EO.4h~0LE) EPS=X
392 IF (H.EO.4HITER) HPRT=X+0.05
303 IF (H.EO 4HH0!S) S TD =X
304 IF (ll . E O . 4HP E R C ) PRCHi=X
385 IF ( fl . E O . 4H t1E A S ) E f1S TD = X
386 IF (fl . E O . 4Ht1 dD) E MP R C T = X
387 IF ( fl . E O . 4HOU TP ) fl0U TP T= 1
38d IF f fl . EO . 4HilUMO) HilUt10 = 1
389 IF (H.EO.4HLINE1 HL ItlE = 1
390 IF fil . EO . 4HC ALP) UCAL-1
391 IF (N.ED.4HHOME) H O ME S - 1
392 IF f il . E D . 4H t1I H P ) X111 H = X

IF (fl . EO . dH :HTE ) MITER =X+0.05
IF ( N . E O . 4HDEL T ) H-X
IF (fl. EO . 4HL IBR) GO TO 30,

.336 !F ( rt . E O . 4H P R O C ) GO TO 50
397 GO TO 20
390 C
399 C READ tiEU UNIT MODULE NAME
400 C
401 30 riL IB =X+0. 05
402 DO 40 !=1,HLIB
403 CALL GET (H,t1,X,0)
404 J=X+0.05
405 ITAG t J ) =tl
406 J TAG I J 1 =f1
40? 40 CONTIllUE
408 GO TO 20
409 50 C0t|TINUE
410 C
411 C READ EDUIPt*EHT DATA
412 C
413 I t1E TH = 10 + I S T [ F F +M I T E R
414 Hl'H1ST+2
415 tl2 =HF [11+2
416 NB=H8+1
417 HMP=HMP+2
41R MA Xllt1P = H MP + 1
419 !!C 3 = t4 C O MP +3
42U H C 5 = tlCOMP +5
421 DO 00 I - 1, t1A XH E
422 DO 60 J = 1, t1A>Jit'P
d23 MP(I,31=0
424 60 COHTINUE
4e5 DO 70 Ja1,10
426 EP(I,JJ-0.0

.427 70 CONTINUE
42B 80 C0HTIllUE g
429 HE=0 < -430 NEX=1 , , - s
431 90 C ALL GE T (H, M, X,0) '

432 100 IF (H.EG.4HEHD ) GO TO 140
433 DO 110 I-1,30
434 IF f H.EO. ITAG C I) . AHD.t1.EO.JTAG C I)) GO TD 120
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435 L10 CONTINUE
436 LR I TE (HERR,420) H,M
437 CALL EXIT (1)
430 120 CollTItiUE
439 HE=HE+1
440 MP(HE.1i=X+5IGHCO.05,X)
441 MP ( tlE . 2 ) = I
442 READ t fl IH ,450 ) ( AMC I) , I-3, HFP)

443 DO 130 J =3, Ht1P

444 X= AM(J)
445 MP (NE , J ) = X+5 IGN ( 0. 05, X)
446 130 CONTINUE
447 LRITE t tiOUT,430) ( t1P ( H E , I I , I = 1,2 )
448 LRITE (HOUT,470) (AMtI).I-3,HMP)
449 PEAD f il Ili,450 ) (EP(NE,I),I-1,10)

450 LR I TE (fl0UT,470) (EP;HE,II,I=1,10)

451 CALL GET ( H , t1. X. 0 )
452 IF t H . IIE . 4HEXTR I GO TD 100
453 NHX=X+0.05
45 i NMX=HHX+ HEX-1
455 READ ( H Ili,45 0) (EXtJ),J=HtX " Pet'

456 LHITE (HOUT.4501 ( EX C J ) ,3 =; LEX, hi tX)'

45? MP (tlE , flMP +13 = HEX
450 NEX= HEX +tiHX
459 GO TO 90
460 C
461 C RE AD STPEnt1 D ATA
462 C
463 148 C ALL GE T (H, M. X,0)

464 IF (H.NE.4H5TREJ GO TO 150
465 GO TO 160
466 150 UPITE IHERR.360)
467 CALL EXIT (11
4 613 !60 CONTINUE
469 NS=X+0.05
470 DD 100 I=1,HS
471 5f1,I.11=I
4?2 C
473 L DEF AULT STREhM FLAG
474 C
475 5(1,I 21=1.0
476 C
4 ? >' C DEF AULT FLOU PATE, LS
t 'B C

479 SC1,I.31=0.0
400 C
431 C DEF AULT TEMPER ATURE. C
482 C
483 S(1,I.41=25.0
484 C
405 C DEFAULT PFESSURE, ATM
486 C
4HJ 9 t l . I 51 - 1. 0
.R0 I
13'l L' DEFOULT CCNEENTP ATIONS
40D E
a ll DO !?O J'6.NC5
49? St1.I.J| =0.0
Hi 170 C0tiTlHUE
:34 190 CONTINUE
.n 5 130 CALL GET f il . M, X. - 11

al: IF t ri . E O 4HEXPL) GO TO 200t

GD TO 2504V IF t ri . E D . 4HE H D '

49H [F I N . E O . .!H 5 F E E ) GO TO 223
409 GO TO 190
500 C
501 C PEHD STPEM1 WLUES FOR SPECIFIC 5 7EAMS HUMBERED AM(t)
50.'E
50] ?00 PEAD (NIrl.4431 I T, ( AMC II . I = 1,5)

501 IF itT.EO.4HEND ) GO TO 250
505 CEAD t fl I N ,45 01 fpMrI),I 6.HC5)

50u N = Hili 11 +0. 05
SP' ::3 210 I=1.U:5
500 5 t 1. fl . I i < Hf H I l
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509 210 CONTINUE
510 GO TO 190
511 220 HH1=X+0.05
512 C
513 C PE AD STRE AM VALUES FOR STREAM +4M(1) INTO STPE AMS X TO AMC 1)
514 C
515 PEAD I ll Ill . 450 ) ( At1( I) ,1 = 1. HCS)

516 flH 2 411( l i +0. 0 5
517 DO 240 ! =il 11. llH2
510 D0 230 J=2.NC5
519 S(1,I.J)=A!1(J)
520 230 CONTINUE
521 Sil,I,11=1
522 240 C0tiTINUE
523 GO TO 190
524 250 D O 2 -' O I-1,HS

525 t,!R I TE f 110 U T, 4G O ) (5(1,I,J1,J=1,5)

526 l.:R ! T t ,HOUT,470) (Sil,1,J),J 6,HCS)
52? DO 260 J=1.flC5
528 Sl2,I,Ji=0.0
529 260 C0t|TIHUE
530 270 C0tiTINUE
531 C
532 C GET PHYSICAL PROPERTIES DATA
533 C
534 CALL PROPS
535 llS A'd = tlHUM0 +tiL INE +11C AL
536 IF f ilS A VE . E O . 0 ) RETURH
537 C
530 C READ GPAPHILAL DATA
539 C
540 C A L L G E T ( fl . t1. X. 0 )
541 IF f li . fit . 4HGR API GO TO 280
542 CD TO 290
543 280 |JRITE (NEPR.370i
544 CALL EXITf 1)
545 290 COHTIlluE
54G HPLOT5=X+0.05
547 PEAD (HIN.450) PLO T I, P TWE
540 URITE fil0UT,470) PL O T I, P TWE
549 DO 300 I=1.HPLOTS
550 PEAD (lilli,450) ( PLOTD t I, J ) , J- 1,4)
551 IJR I TE (HOUT.470) ( PL O TD ( I , J J , J - 1,4)
552 300 C0tlT1 HUE
553 R E TUPfl
554 C
555 C PE AD C0!iTIt UATI0tl D ATA
556 C
557 310 CONTINUE
550 H=0.000000Pi
559 TMA X I - TtN X
560 3?O C A L L G E T ( fl, t1, >',1 )
561 IF f il . E O . 4 H T I ME ) TMA M= X
562 IF t il . EO . 4HMO 0 ) ilPR=X+0.05
563 IF f il . E O . 4H I TE P ) HPRT=X+0.05
564 IF f il.ED. 4HT I E ) GD TO 320
565 IF (N.EO.4HND 01 GO TO 320
566 IF f il . EO . 4H I TE R ) GO TO 320
56? H IHC = f Tituc-TMAXI) /tiPR
560 IF f fl.ED.4H3TPE i GO TO 330 '

569 [F ( H . E O . 4HEDU I) GO TO 350 '

5?O IF f il . E D . 4HEtiD ) RETURH
571 LR I TC t ilE PR . 380 )
572 CALL EXIT (1)
573 330 NOS=X+0.05
574 PFAD f il lil . 450 ) (SS(1,N05,J),J=1,NC5)
575 DO 331 J 1.ilC5
5?6 I F ( SS ' 1.110 5. 3 ) . NE . O . 01 St1,HUS J)=SS(1,H05,J)
5?? 331 CONTIrluE
5?B L'R I TE (HOUT,470) (S(1.HOS,J),J-1,HC5)
579 D0 340 J-1.HC5
580 5 f 2. Il05, J) =S ( t , HOS . J)
501 340 CONTIriUE
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582 GO TO 320
503 350 NDEP=J+0.05
584 PEND t H Ifi.450 i (EPih0EP,J1,J-1,10)

505 L 'P I TE lil0UT.4?C) (EPINUEP.JJ.J=1,lO)

506 GO TO 320
SB? C
580 r
509 C F P E E F D Pila r I DE C S YS TE ri- 10 )
590 C
591 C 44 F 0P11R Ti 44. 5F )
592 C 45 FCR11HT 15F I
593 C
594 360 F O '1hT (2?H STRE AMS C APD SHOUL D FOLLO!J1
595 370 FORMHT t25H GFDPH CARD SHOULD FOLLOU1
546 300 FORMHT 127H EPPDP Itl CONTINUATION D4TA)
59? 390 F ORl1A T | 1HL)
590 JPL F D PI1H T 11:. 18441
599 410 FDPMHT f[0H41
600 420 FDPMHT il6H EQUIPMEtiT NAME .2 A4,21H HAS NOT DEEH DEFINED)
601 410 FOPMHT (5H Uti! T, [3. 6H T(PE.13,

602 440 FDPMRT i H4. B:: . 5F 12. 0 )
603 45U F D P!1H T I12>.5F12.51
604 160 FDPMAT (7H STREHt1.5h.5F12.5)
605 J70 F D Pf la T < ! 2:< . 5 F 12. 5 )
606 430 F0FMHT (<4? HALL 5 m .I,.' AND EP t IM. 3 AMD 4) APE DIVIDED BY ,2X,F6.3)
60? END

609 SUBROUTINE GET (N AME 1, H A%2, X, IFG)
609 C
610 C GET IS CALLED BY DYNL TO PE AD AHD ECHO THE ALPH ANUMERIC
611 C DATA UCPDS OF TFE DATA SET
612 C
613 COMJ10M /IO/ H IN . b0U T, HEPP , HPO INT
614 10 FEND (HIN.60) N A ME l . H A ME 2. H 4 ME 3, '<
615 IF ' N A ME l . t !E . 4H i GO TO 20
616 IF iABS(hl.LT.1.0E-20) GO TO 10
617 URITE INEPR,70)
610 GO TO 10
619 20 C0 tit! hue
620 IF t hDS i X) .LT. I .0E-201 CD TO 30
621 IF (IFGi 30,40.50
622 30 L 'P I TE i H CnJ T, 9 0 ) h h ME 1. H A ME 2, H A ME 3

623 PETUPfl
4=-+5!GMio.01. O621 4- ! -

625 L 'P 11 E iHUUT.60s HhME1,N4ME2,HAME3.N
626 P E T U :.' N

627 50 URITE th0UT,90i N AME 1, H AME 2, h 4 ME 3, X
62B PETUPN
629 C
630 C FPEE F ORMH T I DEC SYSTEM- 101
631 C
632 C 6 FORM F( 3H4.5F )
633 C
634 C
635 f,0 FDPMAT 13 A 4. F 12. D i
63G 70 F D P!1A T I 46H URRNING - D ATA SK IPPED UHILE PEADING KEYJORDS)
63? GC FDPMAT i 1: . 344, I l l i

63B 4D F 0 p t1r i T t1:. 3A4.F11.5)
639 END

640 SUBPCUTIHE DYN2 (H,T,Y, YDOT)
641 C
642 C DYH2 IS CALLED BY THE INTEGR ATOR PROGR AM (DRIW)
643 C DYN2 MGPCHES DOUN THE PPCCES5 NTRIX, C ALLING THE SUER 00 TINES
644 C PEFPCSENTIhG THE DIFFEPENT UNIT COMPUTATIDHS TO BE EECUTED
645 C Of t BOTH THE PPEDICTOR AND CORRECTOR 3TEP5
646 C
647 C 0 tt10 N /U N I T/, I M, N MP
640 COMMON clin T/ MP t 3 5.13) , E P i 35, !O ) ,5 (2,45, l3) , EW 50 )
649 C 0tt1C N / C 0!i/ U COMP . fiC5. NE , hS , TMAX. HC 3, HD , H 1. N 2, N F
650 COMMON / GEPR/ JC TART. IME TH, TIME H, H INC, EPS . TT. IHTFL
651 D I MEllS I D H YD O T ( H ) . Y t H )
652 IF IN9.GE.HF) GO TO 6
653 fl=0
654 C

41
,'3 '

,



655 C CONVERT VECTOP TO VOR INGLE 11ATP IX
656 C
65? CD 5 ! = HO . !!F
650 DO 4 J= lit.h?
659 h=H+1
660 S t 1.1. J > -YI H)
661 4 CONTIhuE
662 5 CONTINUE
663 6 CONTINUE
6G4 DO 320 lidl.NE
665 H TYPE =I1P f 111. 21 .

666 GO TD f10,20,30,40.50,60,70,88.90,100,110,120,130,140,150.160,170,
66? IlBO.190.200,210.220.230.240,250.260.270,200,290,300), N TW E
66fi 10 CHLL TYPEl
669 GO TO 310
6?D 20 CHLL TYPE 2
6?! GO TO 310
672 30 CALL TYPE 3
6?3 GO TO 310
6?4 40 C4LL TYPE 4
675 GO TO 310
6 ? ts 50 CHLL TiPES
6?? GO TO 310
670 60 CHLL TWEG
6?9 GO TO 310
600 ?O CHLL TYFE7
601 GO TO 310
602 00 CHLL TYPF0
603 GO TO 310
604 ~) 0 CHLL TYPE 9
605 GO TO 310
606 LOS CHLL TiPE10
60? GO TO 310
600 110 CALL TYPE 11
684 GO TO 310
690 120 COLL TYPE 12
691 GO TO 310
692 130 CHLL TiPE13
693 GO TO 310
694 140 EnLL TiPE4
695 GO TO 310
696 150 CHLL T YP t' 15
697 GO TO 310
690 100 COLL TYPE 16
699 GO TO 310
700 170 COLL TYPEl?
?01 GO TO 310
702 100 CHLL T'i P E 10
?O3 GO TO 310
704 190 COLL TYPC19
?Db GO 10 310
706 200 CHLL I'i P E 2 0
70? GO TO 310
709 ?la CHLL Ti P E ? 1
.09 GO TO 310'

?10 2?O CALL TiPE22
?ll GO TO 310
'12 230 LHLL TiPE23
?13 CD TO 310
714 240 CHLL TiPE24
JIS GO TO 310
'16 290 CHLL T;PE25
'l? GO TO 310 (

I?10 260 CHLL TYPE 26 _'
?t9 CD TO 310 \

??O ??O CHLL TSPf2? /

72t GO TO 310 -

.' 2 2 200 CHLL TiPF20 's '
,

723 CO TO ;10

?24 ?90 CHLL fiPf 29
?25 GO TO 310
72b 300 CHLL TYPFJo

al0 CONTINuf.-
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720 320 C0llTIMUE
729 IF i LIB . GE . tiF ) GO TO 342
730 fl=0
731 C
?32 C C0!IVERT VARI ABLE MATRIX TD VECTOR
733 C
?34 DO 341 ! =llB, NF

735 DO 340 J =lil, N2

73b h=H+1
737 'iT10 T I ti ) = 512, I, J )
730 343 CONTIrlUE
?39 341 C0!ITIlluE
T40 342 COMTINUE
741 PETUPti
74J EtID

743 SUBROUTIHE OUTPUTS
744 C
745 C THIS SUBROUTIHE PRINTS THE RESULTS
746 C
74? E IF STRE AM FL AC IS -VE, STREAM IS NOT PRINTED
740 C IF EQUIP!1ENT HUMEER IS -VE,1ST 5 EQUIPMENT PARAMETERS ARE PRINTED
T49 C FIPST EQUIPMEtiT PAFAMETER IS ALUAYS MASS OF
750 C CCMPDHEtiT TLIO
751 C
752 COM:10tl / MA T/ 11P ( 3 5,13 ) . E P ( 35,10 ) , S t 2,45,13 ) . E X( 5 0 )
?53 C C HM0li / CON / HCOMP, tic 5, NE, NS . TNAX HC3, TID, H IST, NF IH
754 C O M110H /GCFRe J S TA RT, Il'E TH , T I ME . H , H H . H I NC , EP S , T, IN TFL
755 C OMr10N '!O/ H IN NOUT.NERP.fiPO INT
?56 IF IJSThPT.ED.Di LPITE tHOUT,30)
75? L.P I TE i t 10 U T , 40 ) T Il1E
75B ifR I TE IHOUT,501

?59 DO IU ! = 1.115
760 IF t 51 1, I . 2 ) . L T. O . 0 ) GO TO 10

761 hil= G f 1. I .11 +0. 01
762 LFITE IHOUT.?O) NN,fSil,I,J1.J=3,NCS)
763 10 CONTINUE
764 DO 20 I = 1. f iE
765 IF IMP 1 !.11.GT.0) GO TO 20
?66 V=IHBSi11PII,li1
76? L F I TE t h0UT.60) K,tEPtI,J),J=1,5)
76a 20 CCNTIhuE
78 RE TUC N
'' 7 0 i:
??1 C
'?? 20 FORMar ( 1H 1)
"4 40 F 0 Pila T I 1?,5(1HTi.5X,30HPPOCESS VARIABLES AT TIME = ,E11.5.5X
~'4 1.5:1Hri/>
'?E 50 FCRMoT I ..? H STPEAM FLCD TE t*P PPES C O MP ONEN TS, M
? ? t; t0 F 0 e r% T I1HD.53.13.54 5F15.51
"' 11 F C Pilo T I l > . I5, F 12. 3. 2F 8.1,1: ,5F9.5. .35X,5E9.51
'?H END

??9 SUBPOUTINE S AVEP
PSU C
781 C THIS SUDFOUTINE S AVES POINTS FOR USE BY GPAPHICAL DUTPUT ROUTINES
?B2 E
PP C O M: '0 H / MHT/ MP f 35,13) , E P :35,10 ) ,5 ( 2,45,13 ) , E X [ 5 0 )

M C0:1 1D N /PL T/ tWLOTS. PLOTI, PLO TD t 15. 41.FLOTT
' C D : " 10!! CCPR/ J S TA R T,1 ME TH , T I ME , H , h H , H I N E , E P S . T, I N TF L
' t CO' O'i -GPhCHC. N P T S , TP L O T i l 50 01. YD LO T i l 50 0,15 ) , > F L O T ( 1000 )
N C O M' an 10 flItl . N DL'T. NE PP . NP O IllT
.E C OMM0!i L #t t'S TD . PR CH T, Ei1C . EM3 TD . EMPR E T
F C
N C NO TE - S L9 P O U T I N E IS D IMENS IGHED FDP tiPTMax PO INTS

.m 1 (
?4 c -- SEE TFLOT AhD YPLOT AD0'/E
,q i

{4 DuTH 'iP Tt W"150 0-

N ~ INITInL PDIhT IS SAVED
m? t.

W IF t;ETF T.ED.01 GO TO 10
4 i
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000 C DETERt1IHE UHETHER TO SAVE POINT
BOL C PLOTT IS tit 1E VALUE OF PREVIOUS POINT SAVED
002 C PLOTI IS HPPROX TUICE IllCREMENT OF TIME
003 C
804 XSP ACE = t FIME-PLOTT) <PLOTI
805 USPACE=XSPACE
806 YSPACE=HSPhCE
807 IF ( f FSP AC E-YSP ACEL . G T. O . 5 ) tis P ACE = HSP ACE +1
600 IF (HSPHCE.LT.11 RE TURH
009 la CONTItiUE
B10 C
811 C HPTS COUNTS NUMBER OF POINTS, t1UST BE .LE.HPTMAX
812 C
813 HPT% HPT5+1
014 IF t HP TS . G r. HP TMAX) CD TO 30
Ol5 00 20 !=1.NPLOTS
016 fll =PLO TD i I,1) +0. 01

Bl? H2=PLOTDII.2)+0.01
810 C
019 C STORE DEPENDENT VALUE IN VPL O T
820 C
021 YPLO TillP TS, I) -5 t 1, H 1, H2)

822 DUM=YPLOTtHPTS.I)
823 CALL HOISE f t D UM El1S TD. E MPRC T, E MC )
824 YPLOTtHPTS,I)=DUM
B25 20 CONTINUE
026 C
027 C STOPE T!ME VALUE IN TPL O T
820 C
029 TPLO T t H P TS ) -TI ME
030 C
031 C UPDATE PREVIOUS tit 1E VALUE
032 C
033 P L O TT = T I ME
834 PETURN
835 30 UPITE f flEPR,40 i

R36 CALL EXITill
837 C
H38 C
839 40 FORMAT (36H HOT ENDUGH PO! HTS IN COMM0H/GR APHC/)
840 EHD

841 SUBROUTIHE URITEP
842 C
043 C THIS SUBPOUTIHE URITES THE SAVED POINTS OHTO DEVICE HPOINT
044 C THIS COULD BE A DISK FILE OR LINE PRINTER
045 C
846 C O MM0ti /GERR/ JSTART, IMETH. TIME,H,HH. H IHC,EPS

84? C0tt10H c5PLPHC/ NPTS. FPLOT( 15001, YPLOT(1500,15), XPLOT(1300)
B40 FOMt10H /PL T/ HPLOTS, PLOTI, PLOTD C 15,4) , PLOTT, P TYPE, MSTATE

043 COMM0!I / CON / HC0t1P. HC5, HE. HS, TF1AX, HC3, HO , H 1, H2, HF
850 C0tt10H /IO< HIM,HOUT, HERR,HPOINT
B5l URITE t H PO IllT,100) tit 1E, t > PLOTIK) , K = 1, HSTATE)

052 20 CONTINUE
853 RETUPN
054 C
855 C
856 30 FORMAT f IH L)
85? 40 FORT 1AT t 22H HUMBER OF VARI AOLES =, I3, /)

BSD 50 FORMAT I 19H HUMOER OF PO IrlTS , [4,///1
859 60 F DPt1A T I ?H COLUMN,9V,8HVAR I ABLE,24X. 5HR ANCE, /)

860 70 FORMHT (4V.lH1,7X,4HTIME,18x.2E14.51 a
861 00 FORT 1AT t 2V, [3. ?X, EHSTRE AM,13, IX A4. 2H (,I2,1H),3X,2E14.5) s

062 90 FORMAT (4 c'
'B63 100 FORMHT f6F12.31

864 EllD <a
865 SUBROUTINE LPLOT ,'W
866 C ^

867 C THIS SUBROUTINE CREATES A LINEPLOT OF THE DESIREL DUTPUT VARI ABLES
868 C LINEPLOT CAN BE EITHER 50 OR 100 SPACES UIDE
869 C
870 C0t1t10H /PL T/ NFLOTS. PLOTI, PLO TD ( 15,4) , PLOTT, PTYPE
87L COMM0H /GP APHC/ HPTS, TPLOTf 15BO) ,'rPLOTI 1500,15) , NPL O T C 1000 )

8?2 C0ft10H /IO/ N Irl,tt0UT,tlERR, HPO INT
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073 D I ME N S [ 011 ISTRrif 11), I S'r71 C 15 ) , ILINEf1101

074 C
H?5 C F IF TEEN LINES CAM BE PLOTTED
0?6 C
U?? DATA I SYt 1/ l H A .1 HO , l HC ,1 HD . l HE ,1HF, lHG, L HH, l H I,1 HJ ,1 HK ,1HL , l HM, lHH ,
070 llHD/
9?9 DATA I S T P f 1/ 4H S TR M. 4H F L A G . 4H F L O U. 4H TE MP , 4H P P E S , 4H C t1P 1, 4H C MP 2, 4H C MP 3

8RD 1. 4H C MP 4. 4H C MP S ,4H C MP 6 /

E31 C
082 C DE TERMINE UIDTH OF L ItiEPLOT
003 C
004 SEALE=100.0
00S i l T'iPE=PTYPE+0.01
096 IF i ll T'r P E . !iE . 01 SCALE =50.0
BB? HSCALE=SCLLE+0.01
800 L?ITF (HEPP.160)
809 LO 10 I=1.hPLOTS
890 hl=PLOTDII.1)+0.01
891 tl2 = PL O TD I I . 214 0. G 1
092 UPITE IhEFR,1701 I S'rT11 ! ) . H 1, I S TR M (H 2 ) , P L O TD C I ,3 ) , P L O TD C I ,4)
093 10 CONTINUE
094 li t =h3CHLE/5+1
895 N2=l5-NSCALE/10
E96 D3 20 I=1.H1
89? IL illE ! I l = t|2 + (I-1)
090 20 CDtlTINUE
699 tJP I T E (NEPP.1001 (ILINE(I),I-1.H1)
900 IF :llS c hL E . EO . 50) GO TO 30
901 W I TE INERP.190)
902 GO TO 40
903 30 L 'P I TE ItiEPP.200)
904 40 CONTINUE
905 C
906 DO 140 E=1.HPTS
9d? IF (E.EU.l> GO TO 50
9aa C
904 C L ALCUL ATE NUMGER OF L INES TO SKIP
910 C
911 XSP ACE = 1 TFLOTi K ) -T PLO T(K- 1) ) /PLO TI
912 USPACE='"SPhCE.

913 'r SPHCE = HSPHC E
914 IF ( 1:<SPHEE -YSP ACE ) . GT. O . 51 NSPACE=NSPACE+1
915 GO TO 60
916 50 NSPACE=1
91? 60 CONTINUE
910 C
919 C SET UP A LIHE
920 C
021 00 70 le2.110
922 ILINEIIl=fIW 1
923 70 CONTINUE
12 IL IllE t ! i = iH.
925 Hl=hSCALE+1 -

926 IL I!iE I ti1 i = IH.
92? MSPHCE=HSPACE-1
P20 IF :HSPACE.EO.D) GO TO 93
929 DO B0 I - 1. flSP AC E
930 UPITE i tie P P .15 0 ) (ILINErJ),J-1,H1)
931 S0 CONTINUE
932 C SET UP NELI LINE
933 90 DD 130 I=1.NPLOTS
934 C
935 C SCALE DEPENDEHT VARI ABLE FROM i TO SCALE +1
936 C
93? Mil 3 = t YPLO T( K . ! ) -PLO TD I I,31 ) +SC AL E/(PLOTD C I,4)-PLOTD C I,3) ) +1. 0
930 C
939 C ROUND OFF TO' NE APEST INTEGER
940 C
941 H 3 =:'h 3 + 0. 5
942 IF ( H3. L T. I .OR . N3.GT. f hSC ALE +1)) GO TO 130
943 IF (ILIt6tH3).NE.lH .AND.ILIME(H3).NE.lH.) GO TO 100
944 IL IN E ( N 3 ) = ISYilf I 1
945 GO TO 130
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946 LGB li t =llSC AL E +3
947 H2 =tlSC ALE +9
940 DD 110 J=llt,H2,3
949 IF (IL !!!E (J) .EO. [H ) GO TO 120
950 110 COHTINUE
95l GO TO 130
952 120 IL illE(J i-IL INE f M3)
953 IL IllE f J+1) = ISYMt I)
954 130 CONTINUE
955 C
956 PRIllT LINE
957 C
950 Hl=HSCALE+10
959 URITE (HERR,210! ' LOT (K) , ( IL INE (J) J-1, H 1)

960 140 CONT! flue
961 RETURH
962 C
963 C
964 150 FORMAT (0X,101A1)
965 160 FORT 1A T 1.1 H L ,6HSYM00L,5X,6HSTRE AM, .iX,8HVAR I ABLE ,17X,5HR4HGE)
966 170 F ort 1A T t lHO,2X. A2,8X, I3,9X, A4,5X. 2F 14. 5)

967 100 F O Rt1A T (/.U/4X.21IS)
960 190 F O Rl1A T 14N . 4H . .21(5HI. .))
969 200 FORT 1HT (4X. 4H . ,11(5HI. ,,1)
970 210 FORMAT (IX.E9.3,1H ,107A1)
971 EtID
972 C
973 SUBROUTINE CALPLT
974 C
975 C THIS SUOROUT!HE CREATES A GRAPH OF THE DESIRED OUTPUT
976 C VARIABLES ON THE DD80 PLOTTER
977 C THIS SUOROUTIHE t1AY BE MACHINE DEPENDENT
9?O C
979 COMMON /COH/HCOMP, HC5 NE, HS, TMAX, HC3
980 C 0t1t10H/PL T/liPLO TS PLOTI . PLOTD ( 15,4) , PLO TT

98i COMt10H GR APHC/NPTS, TPLOTC 1500), YPLOTf * 500,15)
.

982 D It1E N S I DH I S TR M( 11 ) . ISYt1L 15 )
903 DATA I Sill / l H A , l H B ,1 HC , l H D , l HE ,1 HF , l H G, l HH , l H I , I H J , l H K ,1 HL ,1 H M,1HH ,
904 11H0/
985 DATA I S TR t1/ 4H S T R M, 4H F L A G , 4H F L O U, 4H TE t1P , 4H P R E S , 4H E MP 1, 4H C MP 2, 4H C MP 3
986 1, 4H C t1P 4. 4H C MP S ,4H Cl1P 6 /
907 DIMENSIDH YD(1000)
980 CHLL LEEPB0 (4PPLTX)
989 CALL FRHl1E
990 CHLL 11APX (9,0.0,TMAX,0.0,100.0.0.1.0.99,0.1.0.7)
991 C
992 C LABEL AXES
993 C
994 CALL SETCH (2.0.32.0,l.0,1,1,0)
995 CALL CPTOLD 16 H OU TP U T I
996 CHLL SETCH (45.3,2.0,1.0,1,0,0)
997 CALL CRTBCD I 4H TIME )

*
998 C
999 C PLOT K-1,HPLOTS CUR'45 IJITH LABELS

LOOD L
[001 DO 20 1:= 1 HPLOTS
1002 DO 10 J=1.IIPTS
1003 C
1004 C SCALE DEPENDEllT VARI ABLE FROM 0-100
1005 C
1006 YD f J ) = ( V PL OT( .1, K )-PL O TD I K,3 ) ) * 100. 0/ I PLOTD (K,41 -PLOTD (K,3) )
1007 la CONTINUE
1000 C
1009 C PLOT CURVES WITH LADES
1010 C
1011 CALL SETPCH (1,0,1,0,100)
1012 K I SYl1= I SYlit K )
1013 C ALL POIllTC ( K I S Yt1. TP L O T, YD . H P l S ) r
1014 C ',-

1015 C URITE HEADING p
1016 C

,

'

101? AK=K V-
1010 YL = 42. 0 - A K 'S
1019 IPLOTD=PLOTDtK,1) "
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1020 MPLOT=PLGTD(K,21
1021 CALL SETCH (25.0,YL,1,0,1,0,0)
1022 UPITE t100.40) ( I S Y11( K ) , I PL O TD , I S TR M ( t1P L O T) , P LO TD C K ,3 ) ,
1023 IPLUTDIK.411
IP24 40 FOPt1HT ( A 1,0H S TREnt1, I2,3X, A4,3X, F 12.5. 3H ,F12.5)
1025 20 CONTIN'JE
1026 CALL SETC: f6.0.30.0,1,0,2,0,0)
102? CALL CRTOCD (6HLEGEND)
102B PETUPfl
1029 END

1030 SC9POUTIrlE PROPS
1031 C
1032 C THIS SUBROUTINE READS THE CONSTANTS FOR COMM0H PHYSICAL
1033 C PRO ERTY CORPELATIONS
1034 C PROPEPTIES OF LIH'EP OP AIP MiW BC SPECIFIED
1035 C
1036 C Ct1M0 ti < CON / HC0f1P . HC5 NE , NS . TMAX, NC 3. NB H 1, H2, HF
103? COMMON '10/ HIN.NDUT,HERP.HPOINT
1030 COMMON /PTAB/ TREF.R
1039 C 0til10h PROP / ttJI 6 ) . CPL (6. 61. CVG (6. 6) , ENT4 6,6) ENV( 6,6) , L AM(6,6) ,
1040 L VAP t 6. 31,lJI ( 6,6 ) , DML t G,61
LO41 COMMON 'IPPOP/ UCP.ti:V,NEH,HENV,ILA.IDL
1042 RE AL MU. L AM
1043 C
1044 C DEF AULT VALUES - TEl1P IN C; CAS CONSTANT IN L-ATt1/Y/GMOLE
1045 C
1046 DATH TPEF.P/0.0.0.09205/
104' C
1043 C ALL GE T I fl AME . M. s. 11
1049 tiPP = K+5 IGN I D . 01, <J
1050 IF I N A ME . t!E . 4HP PO P ) GO TO 290
1051 IF INPP.EO.-Il GO TO 220
1052 IF filP P . E O . -21 GO TO 250
1053 L'P I TE ( N DU T,32 01 NPP
1054 C
1055 DO 210 liTIl!E = l , NPP

1056 CHLL GET ( N 4 ME . M . s , 11
105? NC0=E+0.01
105U [F I N H ME . E O . 4H M01.iE l GO TO 10
;059 IF INsME.EO.4HCPLI) GO TO 30
1060 IF 6 NHME [0,4HCPVA 1 CD TO 50
1061 :F INhME.EO.4HENTLi GO TO 70
10G2 |F I N H ME . E D . 4H E N TV I GO TO 90
1063 IF (NnME.EO.4HLhM01 GO TD 110
1064 IF ( N a f 1E . E O . 4H'/A P P I GO TO 130
1065 IF t ilH ME . E O . 4H U I L S ) GO TO 150
1066 IF ( NHI'E . E O . 4H D ENL i GO TO 170
106? IF ( lihME . E D . 4H T P C F ) GO TO 190
1060 IF INnME.ED.JHP i GO TO 00
1067 lJPITE t iiEFF,3 001

1070 S TO P
10?! 10 ECHTINUE
107' C
IU?3 : MCLECULNR UEIGHT
10 ? ' C
10?S DO 20 ! = 1. N C O MP
IUJn READ i 'il N . 3 70 MutI)
10?? ' P ITE t il0H T,36 0) MUtIlJ
10?N 20 C ollT I NUE
IC79 GO TO 210
!DLU 30 r.gurinut
1001 C
1082 C L!0UID HEAT CAPACITY
1003I.
1084 f tCP = tic 0
IDHb DO .O ! = 1. tiCOMP
Idan PCHD INill.370) ( CPL ( I . J 1. J = 1, HCD)
!OH? IJP I TE I NDU T,3601 (CPLiI,J),J=1,HC01
! Pun 10 C0t|TINUL
1007 GO TO ?!B
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1090 50 CONTINUC
1091 C
1092 C VHPOUR HE AT COP ACITY
1093 C
1094 11C V= llc D

1095 DO 60 ! = 1. f lC 0f 1P
1096 PEAD t ill H . 3 ?01 (CVA(I.JJ.Jel.NCO)
1037 UPITE I UCU T. 360 i ( CVA i I . 31, J - 1, H C O )
1U90 60 CutlTlhuE
1099 GO TO 210
1100 ?O Cat |TINUE
1101 F
1102 C LIQUID ENTHALPY
1103 C
1104 tiEH = tic 0
1105 DO DO I - 1. hC 0 r ?
1106 PEAD IHIH,3701 ( EllT( I . J) , J = l, HCO)
110? L'R I TE (NDUT.360) (ENTfI,J),J 1,HCO)
1100 50 C0tiTINUC
1100 GO TO 210
1110 90 CON T IliUE
1111 C
1112 C VnPOUP ENTHALPY
1113 i'
1114 ilEHV=NCO
L115 DO 100 I=1.HCOMP
11lo FEAD i llIN . 3 70 ) ( EHV t I, J ) , J- 1, HCO)
111? LRITC IMOIT.3E01 (EHV(I Ji,J-1.HC01
1110 ;00 C0flTItiUE
1119 GO TO 210
1120 lla C0hiINUE
1121 C
112? E HEHT OF VAPOURICATION
1123 C
1124 ILG=hCO
I125 DO 120 I=1.NCOMP
1126 PEAD INIH.3?Oi ILAMrI,J).J-1,NCO)
112? UPITE (NOUT,360i ( L Atir I, J) , J = 1.HCO)
1120 120 CD:lTI!luE
I12:1 GO TO 210
1130 130 C0tiTitiUE
1131 C
1!32 E VHPOUP PRESSUPE
I133 C
1134 DD 140 I 1.HC0|1P
1135 PEAD i t11tl . 370 ) (VAprI.J),J-1.31

1136 1,N I TE itiduT.360) (VAPCI J),J-1.31

113? 140 C0hTINUE
L130 GO TO 210
1131 150 C0tlTliiUE
1140 C
114i C IJ I L 50 N LIQUID ACTIVITY CCEFFICIEHTS
11 0 C
1143 00 1CO !=1,HC0r:P

1144 FEAD filIN.370) ( U I I I . J ) , J = 1, H C 0l1P )
1145 UP I TE t fl0UT. 36D i l iJ I ( I , J J , J = 1. llc 0t1P )
114G 160 ~_0:l T IllU E
114? GO TO 210
1140 I?O C0!ITIllUE
Il41 C
1150 C LIQUID IENSITY
1151 C
1152 IDL WC0
1153 DO 160 I-1.HCOMP
1154 PEHD t ii I M,3 70 i ( DtiL ( I, J J . J- 1, NCO)
1155 L P I TE Iil0UT,360) tDHL(I,J).J=1,HC01 .

-

I156 180 CCHTlhuE
I'|15? GO TO 210

115B 190 C0HTI:lur .\N1159 C
1160 C FEFEFENCE TEMPERATURE ;,[ '
1161 C
1162 TPCF=>
1163 GO TO ?10
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1164 200 CurtT!!iuE
! 16'; C

1166 C IDEAL GAS CONSTANT
116? E
1160 P=X
1169 210 CONTINUE
1170 GO TO ?40
ll?! C
i172 220 CONTINUE
11?3 L
ll?4 C UATEPiMPP=-1)
1!?S C
1176 L9ITE t il0UT. 340)
It?? TREF =0,

t170 DO 230 ! = 1. tic 0t1P
1179 t11J C I i = 10.
I100 CPL (I.1I=10.
1101 EllTlI li=0.
1102 EllT t I . 21 = 10.
1103 I!alI!.1)=62.4e10.
1104 230 C0flTlHUE
110S 240 CHLL GET ( ll AME . M, X,1 )

1106 IF t iiHMC . fiE . 4H E l4D 1 GO TO 280
1107 FETURH
I!80 256 C0flT!NUE
I109 C
1190 C A I R i llPP =-21
ll91 C
1192 t,H I T E f riOUT,3501

1193 TPEF=0.
1194 DO 260 [ = l . N C 0 t ',P
1195 thli l l = 29.
i196 260 C0tiTINUE
119? DO 2 70 flTII"E = 1. 2
t190 ChLL GET t ilHf 1E . t1, X,1 )

1199 IF (linliE . E O . 4HEND 1 RETURN
1200 IF l lWME . E O . 4HR ) R=X
1201 2?O C0tiTIlluC
1202 C
1203 200 t,p r T E t ilE P P . 3101
1204 SIDP
1205 290 URITE IllERP,330)
1206 STOP
120? C
1200 C
1209 C FREE FORMAT ( DEC SYSTEM- 10)
1210 C
1211 C 37 FORMATISF1
1212 C
1213 300 FORMAT (25H EPROR L PROPERTIES DATA)
'214 310 F O R t1A T 12JH END CARD SHOULD FOLLOU)
1215 320 FORr1AT (15H PROPERTY TABLE. I4.0H ENTRIES)
1216 330 FORtlar (30H PPOPERTIES CARD SHOULD FOLLOU)
1217 340 FORMHT 120H PROPERTIES AS UATER)
1210 350 FDPMHT t10H PPOPERTIES AS AIRi
1219 360 F ORl1A T I 12X,5F 12. 51

1220 370 F D P M.4 T f128.5F12.51
1221 EtID
L222 C
1223 SUBROUTINE MOUE C IU, I S , MOU)
1224 C
L225 C IU = 1
1226 C IS-STRE AM HUMBER
122? C MOU-4VER AGE MOLECULAR UE IGHT
1220 C
1229 Col 1 MON / MAT / MP ( 35,13) . EP t 35,10) ,5 (2,45,13) , EX(50)
1230 COMMON /COH/ HCOMP, NC5, NE, HS TMAX, HC3, hB, H 1, H2, NF
L231 COMM0rl /PPOP/ T1U( 61, CPL C 6. 6) , CVA (6,6) , ENT(6,6) , ENVC6,6) , L AM(6,6) ,
1232 IVAP(6.3),UI(6,6),DHL(6,6)
1233 R E AL MLI. '10U
1234 C
1235 r10U=0.
1236 DD 10 I = 1, f ICO MP
123? HC=I+5

-
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1230 M0 Lbl10Ll+ M'.h ! * * S ( ! U, I G , N C )

1239 IB CONTIlluE
1240 PCTUNI
L241 END

1242 SUBROUTINF CPLI (!U,lS.C)
1243 C

11244 C IU =

1245 C [S-L IDU I D S191 ot1 nut 1ITE R
1246 C C-iP/f PHht LINUID HiHT FNFACITY
1247 C
124U C 0!71J'l . t 1a T .- fli' ( 3 5,131. E P I 3 5,10) S ( 2,45,13 ) , E X(50 )
1247 C 0! 1r li ,N .LNN- Nt ONP . HC5. NE . NG , Tt10X. NC 3, NP. N I, H2, NF
!250 C 0 rli p s pin 0- I f!f F . R
1251 C ut : nun PPUP.- t iL h 61. C P L ( 6. 6 ) , C VA ( 6,61, E NT [ G . 6 3 , E NV( 6,6 ) ,1. AM C 6,6 ) ,

1252 I Vn P 1 ti . 31.1,11 ( 6,61. D!il 16, G i
1253 C 011MO N IPPUP. NCP . NEV, tlE N, tlEriV. lL A . IDL
'254 C
1255 r=StIU.'S.41+TTEF
125b I=D
125? DO 20 I = 1. N C E 'P
125U 'iC = I + 5
1254 CPeCPLtI.11
126tl DD 10 J 2.NCP
!?61 CP=CP+CPLt I.J1*T++(J-11
126? 10 CONTIhUE
12b5 C=C+fP&SiIU.IS,NC)
1264 20 C0!8: !!!iJ E
12 % PE TURI
12b6 END

126? SUBPOUTINE CPVA (IU,IS C)
12t50 C
I ? c,1 C IU 1=

I??H E IS-VnPCUP STRE4t1 NUMBER
I??! E C-HVE PhC.E VAPOUR HE AT C AP AC I TY
12?2 C
12?3 C 0!1MO N x Ma T/ MP ( 35,13 ) . E P ( 35,10) , S t 2,45,13 ) , EX(50)
!274 C 0!v1]N Cali- IIC OMr . NC5, HE , tl], TtMX, NC 3, hB, ti l, tl2. NF
l??5 C ul1!10 h PThBe TFCF.R
I??h C OMf 10|1 .-FPOP/ ItJi G ) , C PL ( 6,6 ) . LVA ( G ,6 ) , E NT f 6,6 ) , E NV(6,6 ) , L AM( 6,6 ) ,
12?? I VH P i fa , 3 I . Ll[ f 6,6 e , [ N L t 6. 61
1270 C 0!1t 'O N 'IPROP/ hCP, nCV. NE N. HCilV. ILH, IDL
i??9 C
1200 T-StIU.15.4t+TFCF
1201 C=0.
! ? R.' D0 20 1-1,hCutP

12H3 NC1 !+5
I?R4 cpu =Dut t.li
I J R'; DO 10 J -- 2 . U 3
12 [h; C F", t E f"a r ' a i 1. J i + T * + ( J - 11
!?U? 10 CC!!TINUE
. ? ii J C = C + S i I N ,15. N C i *C PV
I?tP4 ?b C0!!TitiUF
12 %! PE TUPfl
1291 END
L292 SUBROUT INE ENTL (IU.IS,E.DE)
1293 C
1294 C IU - 1
124b c IS-L IOU ID STRE AM NUMBER
1296 C E- AVEPHGF L IQUID ENTHALPY
129J C DE-HVI PnGE DE P IVA T IVE Or L IDU ID ENTH ALPY
1299 C ( Lil T H PE SFEc r TO TE!1 PEF 47UPE)
\ ;> p c

1300 C 0!!1DN < t iin T/ t'P f 3 5,13 ) .EP(35,10),S(2,45.13),EX(581

13U1 C onn0N .- C 0!1/ lii uf1P . HC 5. t tE . ti3, TiMX,IlC 3. ND N L . N2. tG
I302 C 0!"t O N P rnD ' ikEF k

, ENVf 6,6) , L AMC 6,6) .1303 C 0!111P H PPOP/ 11oh ts ) , C P L ( b . 61. C Va ( 6. 6 ) , E N T ( 6, t- '
1304 IW Pin.3i.{flI6.61.DNLf6.61
1305 COMMUN 'IPPOP- NEP .flF V,tlJN. NE rP . IL A . IPL
130h C
150J T=StIU.15 41+ TREF
13 W! E=U. 7 ,

120'l DE-a- ,s

131H DD 20 I - 1. N C U!1"
.
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1311 HC=I+5
1312 Ell =EliT r l .1)
1313 DEti E NT( I . 21
1314 DO 10 J-2,|lEN
1315 E H-Ell &EH Ti I, P *T* *(J-1)

1316 IF IJ.GE.31 DCil-Dell +( J-1) *EN T r I, J) +T* * (J-2)
1317 la CONTINUE
1310 E=E+5aIU,IS.HC)+EH
1319 DE=DE+5tIU,IS.flC)+DEM
1320 20 C0tliINUE
1321 PETURN
1322 END

1323 SUBROUTINE ENTV (IU, IS,E.DE)
1324 C
1325 m IU = 1
1326 C IS-VAPOL" STPEAM NUMBER
1327 L E- AVEPkGE VnPOUR ENTHALPY
1320 C DE- AVER AGE DEP!vATIVE OF THE VAPOUR ENTH ALPY
1329 C (UITH PESPECT TO TEt1 PEP ATl1RE)
1330 C
1331 C0 t1MO H / t1A T/ MP ( 35.13 ) , EP f 35,10) , S t 2. 45,13 ) . EX C 50)
1332 C 011M0ll CPri/ HC0t1P . HC5, HE . US. TMAX, NC 3, hB, N 1, H2, NF
1333 C 0 t1MO H /PTAB/ TPEF.R
1334 C ul1MO:t /PPDP/ MUl 6 ) . CPL (6,6) . CVA C G,6) ENT( 6,61, EHVt 6,6) , LAM (6,6) ,
1335 IVHPt6 3).Lt[(6,61,DHLl6.G1
1336 C O MMo ti 'IPPOP/ HCP . HCV, HEti, HEHV. IL A. IDL

133? C
133B T-S ( I U .15. 4) +TPE F
1339 E=0.
1343 DO 20 I = l . flCOMP
1341 NC=I+5
1342 E H = EllVI 1.11
1343 DE H =ENVl l . 2)
13;4 DJ 10 J O.NEh
1345 EH=CU+Etrb I,JJ6T++tJ-1)
1346 IF IJ.GE.31 DE H = D Ell +( J- 1) +ENV( I . J) + T** ( J-2)
134? 10 COMTittuE
1340 E=E+5 IU.15.11[)*CH
1347 DE=DE+SiIU.15.HCi& DEN
1350 20 CutlTlHUE
L351 PE TUFF t
1352 END

1353 SUBROUTINE LAMB CIU,IS,L)
1354 C
1355 C IU - 1
1356 C 15-VnFCUP STRE AM NUTER
L35? C L-HEuT OF VAPOURIZATION
1350 C
1354 C D ."MD t l l'aT/ MP f 35,13) EP ( 35,10 ) ,5 (2,45,13), EXf 50)

136u Carm s C CH / HC DNP, HC5, NE, NS , TMQX, NC 3. NB , N 1, N2, NF
1361 C n MMn ti .PTAB/ TREF,P

1362 COMMON . PROP / MUI 61, CPL t G,6) , CVA t 6,6 ) . E HT f 6,6 ) , E NV(6,6) , LAM (6,6) ,
I363 Ivani6.3) .UI(6,6i,DHLf6,6)
1364 C O MMull 'IPPOP/ HCP . hCV, HEH.NENV, IL A, IDL
L3G5 PEAL LAM.LA.L
1366 C
136? T= 5 i IU . [5.4) +TPEF
13 rib L=0.
1369 DO 20 I = 1. liCOMP
13?O HC=I+5
1371 L u r Lullt I .11
1372 DO lu J=2.ILA
!373 L H = L H +L Wii I , J 1 + T * + f J- 11
L3?4 la CONTINUE
1375 L=L+S1 IU.IS.HCleLA
1376 20 CO:ITitiUE
!377 PETURil
1373 EtiD
1379 SUBPOUTINE DENL t IU, IS,D)
133H C
1301 C IU 1=

1302 " IS-LICUID STREAM Hut *BER
1303 C D-MEP%E L IDUID MCL AL DENSITY
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1304 C
1305 C C ' t10 H / flu T/ MP f 35,13 ) . C P C 35,10 ) ,5 ( 2,45,13 ) , E X C 5d )
1306 C O Mi tu H C ON / H C 011P , tic S , HE . H S . TitAX, HC 3, tiB , ti l , H 2, HF

130? C 0 t 310'l cPTHD/ TREF.R
1300 C ot t10 H PROP / Mul 61. CPL (6. 6 ) , CVA ( 6,6) , E NT(6,6 ) . ENV C 6,5) . L AM(6,6) .
[309 IVHP f 6. 31, iJ I ( 6. 61. DHL ( 6,6 )
139U C 0lt1UN 'IPPCP/ UCP , flCV.flE N.NENV, IL A. IDL
1391 C
1392 T=7LIU.IS,4)*TFEF

1393 D = D . L'

1394 DC 20 l'1.HCOMP
1395 HC=1+5
1396 DL=DHLf!.Il
139? DO 10 J-2.IDL
1340 DL=DL+DHL( I , J ) + T * '* l' J - 1 )
1394 10 COHTIllUE
1 41" D-D+Si IU. IS. tlc i +DL
140 20 CONTINUE
1402 RJ TUPN
1403 EfID

1404 SUBROUTINE DENV (IU,IS,D)
1405 C
1406 C IU = 1
140? C IS-VAPOUR STPEAM nut 10ER
1400 C D- AVEP AGE VnPOUP MOL AL DENSITY
L409 C ASSU!'E YHPOUR BEHAWS AS IDEOL GAS
1410 C
1411 C C ALLS TO SUBPOUTINE t10UC ( IU, IS,Mi
141? E M-HVEP AGE t10L AL MOLECULAR UE IGHT
1413 C
1414 C OMMo ti 11HT/ MPt35,13) epi 35,IB),St2,45,13), ext 50)
1415 Cott10H / COH / tic 011P , HC5. NE . HS . TMAL HC 3, HB , H L , N 2, HF
1416 C 0 t t10 H /PTHB/ TPEF,P
141? PEAL M
141B L
1419 T= S ( IU . I S . 4) +TP EF
1420 P=StIU,15.51
1421 C ALL M0t'E (IU,lS,M1

142? D =P/P 'T *t1
1423 PETUPH
1424 END
1425 SUBROUTINE VAPR C IU, IS, PV, DPV)
142G C
l',27 C IU = 1
1429 C IS-L IOUID STREAM N'Jt1BER
1429 C PV-VAPOUP PRESCURE FDP EACH COMPONENT
1430 C DPV-DER IVATI'N OF VAPOUR PRESSURE FDP EACH COMPONENT
143t C IUITH PESPECT TO TEt1PER ATUPE)
1432 C
1433 C0tt10H /tMT/ t1P (35,13) ,EP t35.13) .c t2,45.13) ,EX(50)
1434 C O MM01. /C O N / tic OMP . tic 5, HE , tis . TI MX, HC 3. H B , ti l , H 2, HF
1435 C OI110 H /PTHB/ TPEF.R
1436 COMi10ll / P POP / 11Ul 6) , CPL f 6,61, CVA (6. 6) , E HT t G . G 1, ENV(6,6) ,L AM C 6,6) ,
1437 LVAPf6.3). tit 6,6).DHL(b,61

143R DIMENSIDH PVI6). DPVf 6)
1439 C
1440 T=S(IU.IS.41+TPEF
1441 DO 10 I= . tic O Mo
1442 PVf: = E M t VH P ( I ,1 ) +VAP ( [ . |'1/ (VAP i l,3 ) +T) )
1443 DPV C I I -PV t 1 ) +vaP t 1,21/ t Vk a l l . 31 +Ti n2
1444 18 C0rlTINUE
1445 PETUPN
1446 EHD

144? SUBROUTINE UILS (IU,IS,A) '
1440 C '

1449 C IU = 1
'

1450 C IS-LIQUID STREAM HUMBER
1451 C A-tJILSON LIQUID ACTIVITY COEFFICIENTS FOR EACH COMPONENT '

1452 L
1453 C0 tt10H / MAT / MPt35,13).EP(35.131,S(2,45,13).EXC50)
1454 C0f t10tl /COH/ HCOt1P, HC5, HE, HS, Tt1AX, HC3, HB, H 1, H2, NF
1455 COMt10H /P TA9/ IPEF ,P
1456 C0tt10'i /PP OP / Mut 61, CPL ( 6,6) , CVA t 6,6) . EH T(6,61. EHVC S,6) , L AMC 6,6) ,

52



1457 IVAP i 6. 31. UI ( 6,6 ) , Dill ( 6. c i
1450 D II CliS IDH sit 6i. A(61
1459 C
1460 IF ( UI t 1.1) . L T .1. E -05 ) G3 TD 50
1461 DO 20 I - : . !! COMP
1462 SIfti=0.
1463 DO 10 J = 1. HC O MP
14h4 NCJ J+5
1465 S I f l i S li I) +UI t I, J1 *S t IU, IS.HCJ)
1466 10 CONTINUE
1467 20 CONTINUE
[468 DO 40 K=1.NCOMP
1469 SUM =0.
1470 DD 30 1-1.NCOMP
1471 iCI-I+5
1472 SLti=Sul1&UI t I .K) +S ( IU, IS, NC I) /5 I( I)
1473 30 C0!!TlHUE
14.'4 4 tK i = EPP f 1. - ALOG f S I(K))-SUM)
1475 40 CCHTINUE
|476 PETUPN
1477 50 CONTiliUE
147B 00 60 I 1,NCOMP
1479 Aill=l.
1400 60 CONTINUE
1401 PETUPN
1432 END

1483 SUBPOUTIHE BUBu (IL,IV)
1484 C
1485 C IL-L IQU ID STJE AM HUMB '

1406 ' IV-VAPOUR STREAM NUMBER
la97 e

L40R C CALCUL ATE BUDDLE POINT TEMPERATURE AND PLACE IN STREAM
1499 U HSSul1E VAPOUP AHD L IQUID S TRE AM3 IN EQUILIBR!ljM
1490 C
!491 C CALLS TO SUBPOLTINE UILSIIG. i A)
1432 C H-UIL 50!! L IOUID ACTIVITY COEFF.CICHTS FOR E ACH COMPONENT
1493 C
1494 C C ALLS TO SUDPOUTItG VAPR(IG, IL. /V,DPV)

1495 C PV-VAPOUR PEESSUPi
1496 C DPV-LERIVHTIVE CF WCi'R ')PESS'JFE UITH PESPECT TO TE:TrERATURE
149 ~' C
1498 L NEUTOH-PAPHSCH I TER ATIVE ME THOD IS USED
1499 C
t500 COMMON /r% .'/ MP t 35,131, EP (35. t o) , S t 2,45,13 ) , EXf 50)
1501 COMMON CON / NC OMP HCS. NE NS . TMAX, NC 3, ND, H l . N 2, NF
1502 COMMON /PTAD/ TPEF R
1503 rCMMON '!O/ H IN MOUT,HEPP.'IPO INT
1504 D IMEli s t 0H R ( 6) , PVs G), DFVt6)
1505 C
1506 IG=1
1507 T=StIG,IL.41+TFEF
1500 P=SCIG.IL,5)

1509 CALL UILS iIG,IL,Al
1510 l': = 0

1511 LO CONTINUE
" (K.GE.20) GO TO 301512

1513 I: = t' F 1

15l4 CJ1LL VHPP t IG, IL .PV, DPV)
1515 SY20.
1516 aDY=0.
1517 DO 20 I - 1, H C O MP
1510 flC=I+5
1519 S t IG . IV. liC) =5 ( IG, IL, NC) +PV( [1 * A C I) /P
1520 SY S Y+ 5 t I G . I V, N C. )
1521 DY=-S i IG. IL .HC 1 +DPVf I J tA f I) /P
1522 SDY=SDY+DY
1523 2B CutlTIlluE
1524 T=T-Il.-SYl/SDY
1525 5 t I G . I L . 4 ) = T- TP E F
1526 IF L ADS t 1. -SY) . GT.O 01) GO TO [0

'

1527 5tIG,IV 4)=SiIG,IL.41 ,

1529 RETURN
- ' l

-

iS29 C '
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!'530 3R C0llTINUE
1531 LEITE t ilE RR,40 ) K
1532 STOP "

1533 C
1534 C
1535 4G FORMAT (3BH SUBROUTINE BUBL. ITERATIONS MORE THAM, !3)
1536 END

1537 SUBROUTfHE KVAL (IU,IS,HKK)
1530 C
L539 C IU = 1
1548 C IS-L 10UID STREAM HUMBER
1541 C HKK-VAPOUR-LIQUID EQUILIBRIUM RATIO FOR EACH COFF0HENT
1542 C
1543 C CALLS TO SUBROUTINE VAPR(IU,IS,PV,DPV)
1544 C PV-VAPOUR PRESSURF
1545 C DPV-DERIVATIVE OF VAPOUR PRESSURE UITH RESPECT TO TEtPERATURE
1546 C
1547 C C ALLS TO UILS C IU, IL,4)
1548 C A-UILSON LIQUID ACTIVITY COEFFICIENTS FOR EACH COMPONENT
1549 C
1550 COMM0!i /t1AT/ |1P (35,13) , EP (35,10) , S ( 2,45,13) , EXC 5 0)
1551 COMMON / CON / NCOMP, HC5, HE, HS, Tt1AX, NC3, H8, H 1,N2, NF
1552 DIMENSIGH HKKC6), A(6), PV(6), DPV(6)
1553 C
1554 P=S(IU,IS,5)
1555 CALL UILS (IV,IS,A)
1556 C ALL VAPR ( I U , I S , PV, D P V)
1557 DO 10 !=1,HCOMP
1559 HKK(I)=PV([)*A(I)/P
1559 10 CONTIHUE
L560 PETUPil
156L END
1562 C
1563 C
1564 SUBROUTIHE TEMPL (Q,IL)
1565 C
1566 C 0-MOLAL HEAT CONTENT
[567 C IL-L IQU ID STREAM HUtEER
1568 C
1569 C CALCUL ATE EXIT TEtPERATURE OF MI)ED LIQUID STREAMS
1570 C UHERE EliTHALPY IS FUNCTIDH OF TEMPERATURE
1571 C PLACE TEtPERATURE IH STREAM
1572 C
l573 C C ALLS TD Et|TL t IG, IL, E.DE)
1574 C E-AVERAGE LIQUID EHTHALPY
15?5 C DE- AVEPAGE DERIVATIVE OF LIQUID ENTH ALPY
157 ti C (UITH RESPEC T TO TEMHER ATURE)
1577 C
1578 C0ft10H /tla T/ MP (35,13) , EP ( 35,10) , S (2,45, t 3), EXC58)
1579 COM110H / C OH / H C OMP, HC5, HE, HS, Tt1AX, HC3, HB, H 1, H2, HF
L580 COMM0H /PTAB/ TREF,R
1581 COMt10H /IO/ tlIN.NDUT,NERR,HPOINT
1582 C
1583 IG=1
1584 T=S(IG,IL,4)+ TREF
1585 Tl=T
1586 K=0
1507 10 CONTINUE
1580 T=Tl
1589 IF (K.GE.20) GO TO 20
1590 K=K+1
1591 C ALL EHTL tIG,IL,E,DE)
1592 F=0-E p
l593 DF=-DE

< ,

1594 T1=T-F/DF cJ1595 SCIG.IL,41=T-TPEF s

1596 IF t ABS ( T-TI) . GT. O . 01) GD TO 10 <s
1597 RETURN M1598 C A
1599 20 COHTIHUE
1600 URITE fliEPR,30) K
1601 STOP
1602 C
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1603 C
1604 30 FORMAT (39H SUBROUTINE TEMPL, ITER ATIDH P1]RE THAM, I3)
1605 END

[686 SUBROUTIHE TEMPV (0, IV)
1607 C
1608 C 0-MOLAL HEAT CONTEHT
1609 C IV-STRE AM HUMBER
1610 C
1611 C CALCULATE EXIT TEMPERATURE OF MIXED VAPOUR STREAMS
1612 C UHERE EHTHALPY IS FUNCTION OF TEMPERATURE
[613 C PLACE TEt1PERATURE IN STREAM
1614 C
1615 C C ALLS TO ENTV(IG, IV, E, DE)

1616 C E- AVER AGE VAPOUR ENTHALPY
1517 C DE-AVERAGE DERIVATIVE OF VAPOU'? ENTHALPY
16LB C (UITH RESPECT TO TEMPERATURE)
1619 C
1620 COMM0H / MAT / MP(35,13),EP (35,10),5(2,45,13),EXC50)
L621 COMM0H / CON / HCOMP,HC5 NE HS, TMAX, tlc 3, HS, H L, H2, HF
1622 C0tt10H /PTAD/ TREF, R
1623 COMMON /!O/ HIN,HOUT, HERR,HPOINT
[624 C
L625 IG=1
1626 T= S ( I G , I V. 4) +TR EF
162? T1=T
1628 K=0
1629 10 CONT! HUE
1630 T=TI
1631 IF (K.GE.20) GO TO 20
1632 K=K+l
1633 CALL EHTV (IG,IV,E,DE)
1634 F=0-E
l635 DF=-DE
1636 Tl=T-F/DF
.637 S t IG , I V,41 = T-TR E F
[638 IF ( ABS lT1-T) .GT. O.01) GO TO 10
1639 RETURH
1640 C
1641 20 CONTINUE
1642 URITE (HERR,30) K
1643 STOP
1644 C
1645 C
1646 30 FORMAT (39H SUBROUTINE TEMPV, ITERATIONS MORE THAN I3)
1647 END

1648 SUBROUT!HE TYPE 1
1649 C
L650 C SUBROUTINE STGIDL
1651 C
1652 C ONE IDEAL STAGE FOR EXTRACTIDH UITH SPECIFIED
1653 C PHASE VOLUMES - SPECIFIC TO CO-EXTRACTIDH OF U AND Pd
it 54 C FPOM OTHER SALTS - EACH STAGE MAY HAW ANY HUMBER OF FEEDS
1655 C AHD EFFLUENTS UP TO FOUR EACH - CODE MAY BE GENERALIZED
165c C TO GENERAL EXTRACTIDH OF ANY SYSTEM AND TO VARI ABLE PHASE
16 C VOLUMES - EXTENSIGH TO PU+3 - U+6 SEPARATIDH POSSIBLE
1658 C
1659 COMM0 H /MA T/t1P ( 35,13 ) , E P ( 35,10 ) ,5 ( 2,45,13 ) EX f 50 )
1660 C OMMON /C O H 4|C OMP , HC5, HE , HS , TMAX, HC 3, H9, H I S T, H F I N
1661 COMM0H /GERR/JS TAR T, IME TH, TIME , H H INC . EPS, TT, INTFL
1662 CO MM0 H /UN I T/ IM, HMP
1663 COMM0ti/l0/HIH,HOUT, HERR,HPOINT
1664 PE AL L IH, LOUT, KV KEXT

1665 INTEGER D U T PRO ,0U TS TO ,0UTP R A ,0U TSTA
1666 DIMENSIGH YO f l 0 ) , X0 ( 10 ) , >SLF t 101, XD ( 13,0) , TD ( 8 )
1667 D IME NS IDH X( 13,8 ) , U C R) , T(8) , XIH ( 101, VOL (2) , XDU T( 10) , DEPY( 10)
L660 D IMENS IDH YIH t 10) , YOU T C 10 J , D I SCO ( 10) , YIDE AL ( 10) , P ( 0) , DERX( 10)
1669 DIMENSIDH XX(l3,8) W (l3,81,TRANSl103
1670 C
16?l C
[672 C
1673 C EQU IPMCHT P AR AMETERS
1674 C
1675 C 1 - PU HOLDUP, G

"~
$ ,, *

,
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1676 C 2 - VOLfMO)=0RGANIC PHASE VOLUME
lG77 C 3 - VOL(HA)=AOUEDUS PHASE VOLUMC
1670 C 4- KV=R ATE CONSTANT FOR VOLUME CHANGE
1679 C 5 - KEXT=R ATE CONSTANT FOR APPROACH TO EQUIL. EXTRACT!0H
1680 C 6 - XTB P = VO LUME F R A C TI 0t t TR IBUTYL PHOSPHATE IN ORGANIC PH.
1681 C
1682 C COMP 0HEHT HUMBERS
1683 C
1684 C 1-U
l685 C 2 - PU
1686 C 3 - HH03
1687 C 4 - NO3- SALT
1688 C CONSTANT PAC AMETERS
1689 C
1690 YVL ( 1) =EP C IM. 2)
1691 VO L ( 2 ) -E P ( I t1, 3 )
l692 VOL T=V0 L ( t ) +%DL ( 2 )
1693 '/T8 P = E P ( I tl . 6 )
1694 KV-EP f it1,4)

1695 KEXT=EPflM.5)
1696 C
L697 IF (INTFL.EO.0) GO TO 2
1698 RETURH
1699 2 COHT! HUE
1700 C IDENTIFY IH AND OUT STREAMS
1701 C
1702 INSTG0 = I ABS (t1P C IM. 3) )
1703 INF D O = I ABS ( t1P ( I t1,4) .)
1704 OU TPR 0 = I A85 ( MP I Ir1. 5 ) )
1705 OUTST0 = I ABS (MP ( It1,6) )
1706 INS TG A = I ABS ( t1P ( IM. ?) )
1707 IHF D A = I ABS (t1P ( It1. 0 ) )
1708 OUTPRA=IABS(MPtIM,9))
1709 OUTSTA=IA8S(MP(IM.1011
1710 C
17tl C HUMBER OF CDE'S
17l2 C
1713 H E 0 = H C O MP + l

1714 C
1715 C IH ITI AL %% LUES OF U(J) .T(J),P(J), AND X(I,J)
1716 C
1717 HST=8
1718 DO 26 !=3,HC5
1719 DO 25 J-1.HST
l720 IA=IABS:MP(IM,J+2))
172l IFCIA.EO.0) GO TO 24
1722 XXfI-2.J1=S(1,IA,Il

1723 GO TO 25
1724 24 XX(I-2,J)=0.0
1725 25 CONTINUE
1726 26 CONT! HUE
L727 C
1728 C RENAME STPEAM VARIABLES AND C0HVERT TO MOLAR CONCENTRATIONS
1729 C
1730 DO 30 J=1.HST
[731 U( J ) = XX( 1, J )
1732 T(J)=XX(2,J)
1733 P (J ) = XX( 3. 3)
L734 DO 29 I-4.HC3
1735 X(I-3,J)=XX(I,J)
1736 29 COHT! HUE
[737 XrI,J)=X(1,J)/238.0
1738 X(2,J)=Xt2.J)/239.0
l739 30 CONTIHUE
l?40 C
1741 C INPUT AND OUTPUT PHASE COMPOSITIDHS AMD FLOURATES ASSUMING
1742 C CONSTANT DCHS ITY: TErP . ASSUMING NO HEAT TRANSFER OR GENERATI0H
1743 C c
L744 LIH=0.0 ' s,

L745 LOUT =0.0 e1746 IF (VOL(2).E0.0.8) GO TD 41
174? LIH=U(St+UtG) s
1740 U( 7 ) = U( 7 ) + (U( 5 ) + iJ C G ) ) /(U( 7) +U( 8) ) i

.-
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1749 Uf8)=U(Bl*(UtS)+U(6))/(U(7)+UIG))
1750 LOUT =UI ?) +U( 8)
1751 41 COHTINUE
1752 VIH=Ut11+Ut2)
1753 U( 3) =UI 3 i + t U( 1) +U(2) ) /(U(3) +U C 4) )
1754 U(4) =U(4) + t Uf 1) +U(2)) /(U(3) +Ut 41)
1755 VOUT=Ut3i+U(4)
1756 DO 40 ! = l , IIC OMP
1757 IF (VOL12).E0.0.0) GO TO 43
1750 XIN C I) = ( X( I,5) <W(51 +X( I,6) *1Jf 61 ) /L IM

1759 VOUTI I) = f Xt I, ? I *UI ?) +X( I,91 *Ur 8) ) / LOUT
1760 43 Y I N ( I i = (X( I , l ) +U( 1 ) +Xt I ,2 ) *J t 2 ) ) /VI H

1761 YOU T' I i = ( X1 I,31 * U( 3 J +X( I,41 t)( 411/VOUT
1762 YOUT C I + HE016:00T t Il
1763 40 CONTIllUE
1764 T IH = t T t l ) *UI 1) +T(2 ) *U t 2) +T t 5) +Ut 5) +T(G) *1JC G) ) /(L IH +VIH)
1765 TOU T= t T t 3 ) +U( 31 +T( 4) *U(4) +T t ?) *U t ? J +T(0) *U(8) ) / (LOUT +VOUT)
1766 C
I?67 C GEG INH ING OF DER IVATIVE COMP. FOR SOLVING ODE'S AND COHVERCING
I?60 C MATERIAL BALANCE
l?69 C
1770 YOU T f ME D) = TOUT
1771 C l CONTINUE
1772 IF(VOL(2).EO.O.0) CD TO 61
l??3 C
1774 C C0HVERT TO SOLUTE FREE VARI ABLES
17?5 C
I??6 ? COMTIllUE
1777 C ALL C0tiVTl (X, T, XTEP , DEHOMA . DEMOMO)
I?78 C
I??9 C IDEAL ORGANIC PHASE EQUIL. CO MP OS I T I DH
1780 C
I?81 DO 42 I=1.HCOMP
1782 XS L F ( I ) = X( I . 8 )
1703 42 CONTINUE
l?B4 C ALL OPGPH ( TOUT, XTEP, XSLF, D ISCO)
1705 00 50 I = l , HC OMP

I?S6 YI DEHL ( I 1 = XOUT f !) *D ISCO ( Il * DEHOM0/DENOMA
I?BP C
1788 C DERIVATIVES FOR ODE'S - THE EDUA TIGHS USED DO NOT ALLOU FOR
1709 C PHASE %DLUME CUANGE
1790 C
1791 TR ANS L Il =YIDE AL C I)-YOUT( I)
1792 DERY( ! i = ! V I HtY IN C I) -VOU T*YOUT C Il +V E XT* ( TR ANS ( I ) ) ) /VOL C 1)
l?93 50 COMTINUE
l?94 DERYI NE 01 -( (Vill + L IID * TIM-(VOU T+ LOUT) * TOUT) / (VOL ( 1) +VOL ( 2) )
1795 DO 60 I=1,HCDMP

1796 DERXI Il = ( L IH +XIN C I)-LOUTWCUTi I)-KE):T* C TR ANS ( I) )) /VOL (2)
1797 GD C0stTINUE
1798 61 IF(VOL(2).NE.O.0) GO TO 63
I?99 C
1800 C STIRRED TANK SECTION
1801 C
1802 DO 62 I=1,NCOMP
1803 DERYI11=(VIH*YIHCIl-VOUT*YOUTfI))/VOLft)
1804 DERX!I)=0.
1005 62 CONTIHUE
1806 DERYtHED)=lVIH* TIM-V0dT+ TOUT)/VOL(1)
1007 63 CONTINUE
[808 TO U T= 'r 0U T C H E 01
1809 C
1010 C CHLCUL ATE PETUPH VALUES
10!! C
l012 DO 70 1=1.HCOMP
18l3 xD(I.7)=DERX(Il
1814 XD(I,81 XDII,?!
1815 BD(I.3)sDERYCII
1816 XDfl.4im xD<I,3)
IBl? 70 CONTINUE
IBIR tdt 71-DEPYtHEO)
1919 TDI8)=TD(?)
1020 TD(31=TD(?)
1921 tdt 41=TD(?)
1822 C
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1823 C REHAME STREAM VARIA9LES AND C0HVERT TO MASS CONCENTRATIONS OF U-PU
1824 C
1825 DO 91 J=3,4

1826 "X<f?,J)=XD(4,J)
1837 XXX(6.J'=XD(3.J)
1928 XXX C 5, J ) = XD ( 2, J ) *2 39. 0
1829 XXXC4,J)=XD(1,J)+238.0
1830 XXX(3,J)=0.0
1831 XXX(2.J)=TDf3)
1832 XXX(l.J)=0.0
1833 91 C0HT! HUE
1834 DO 92 J=7.8
1835 XXX(7.J>=XD(4,J1
LR36 XXX(6.JJ=XD(3,J)
1837 XXXf5.JJ=XD(2,J)*239.0
1838 XXX ( 4. J ) = XD ( 1, J ) *2 38. 0
1839 XXX(3,3)=0.0
1840 XXX(2 JJ-TD(J)
1841 XXX(1.J)=0.0
1842 92 COHTINUE
1843 C
1844 C C ALCUL ATE DUTPUT TO STREAM VARI ABLE FILE
[845 C
1846 IF (CUTPPO.ED.0) GO TO 100
1847 S ( 1,0U TPPO . 3 ) =lJ C 3 )
1840 100 |F (OUTSTO.EO.0) GO TO 101
1849 5 [ 1, GU TS TD ,3 ) =lA 4)
1850 101 IF (OUTPPA.EO.0) GO TO 102
1851 S I l . 0UTPP A . 3 ) =lJ t 7 )
1852 102 IF fouTSTA.EO.0) GO TO 103
1853 S I i,0UTSTA 3) =LJr 8)

1854 103 COHTINUE
1855 DO 88 I=1.HC3
1856 I F ( P U TP R O . E O . 0 ' GO TO 83
l657 5 ( 2,0 U T P R O , [ +2 ) ')CrX( ! ,3 )
1858 83 IF(OUTSTO.ED.0) GO TO 86
1859 S(2,0UTSTO,I+21=XXXCI,4)
1860 86 IF t.0UTPPN . EO . 01 GO TO 8?
1861 S(2,0UTPRA.I+2)=XXX(I,7)
IB62 87 IF(OUTSTA.EO.0) GO TO 88
1963 5I2,OUTSTA.I+21=XXV I,8)
1864 88 CONTINUE
1865 E P ( [l1.1 i = S f 1, OU TS TD ,7 ) +VO L ( 1) +S ( 1, CU TS TA,7) =VOL (2)
1866 PETURH
1867 EHD
1868 SUBROU TIHE CCHVTl (X, T. XTEP, DEHOMA, DEMOMO)
1869 C OMM0 H /U N I T/IM, NMP
1870 C O MMO N 'C O N /N C O MP , H C 5, N E , H S , Tt1A X, H C 3
1071 D IMEHS [0H X( 13,8) , T(8) , U(8)

1872 C
1973 C COHVERTS CONCENTRATIDH5 AND , LOU RATES TD SOLUTE FPEE BASIS
1874 C SPEC IF IC TO U-PU-HH03-H03-S ALT SYSTEM
1875 C
1876 flS T= 8
1877 T0 = 3. 65 + XTBP
18?8 US = 0. 5 + T0/ f L . 0 +0. 046*TO)
1979 PUS = 0. 5 e T0 /( 1. 0 'O . 0 9 +TC )
1800 C AQUEOUS PHR!E
1801 DD 10 J=7.HST
1802 DE;OMA=1.0-0 C.24vX(L,J)-0.13+X(2,J)-0.03RS*X(3,J)-0.R3[*XC4,J)
1983 00 9 r='.HLOMP
1884 X(I,J)=X( !.Ji/DEHOMA
1885 9 CONTINUE
1886 Uf J) = Lit J) +DEHOMH
1887 10 CollTINUE
1888 C ORGANIC PHASE
1889 D0 20 J=3,4
l890 LJO = ( 3 . 9 5 - U . 0144 + T ( J ) ) *XTB P ** 1. 6 5
1891 HS = T0 * i 1. 0 -0. 0 0609 ttJ0 ) / t 1. 0 +{) . 0 43 *TC)
1992 LC =UO * 1 1. 0-X r 1. J J /US-Xt 2, J ) / PUS-0. 65 vX( 3, J ) /HS)
1893 DEHOM0=1.0-0.09?*X(1,J)-0.139*Xt2,3)-0.043*Xf3,J)-0.017440
1894 DO 19 [ = l . HC 011P
1895 X( I . J i = X r I . J J /DE HOMO

.
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1896 19 CONTIHUE
[897 UIJ)=UIJ)*DEHCMO
1998 20 CONTINUE
1899 RE TU RH
1900 END
190L SUBROUTIME CONVT2 (X, T, XTBP, U)
1902 COMM0H4JH I T/ IM, NMP
1903 COMMON /COH/HCOMP,NC5.NE,HS,TMAX,HC3
L904 D IMEFS IDH XC l3,8), TCB),U(B)
1905 C
1906 C CONVERTS COHCENTRATIONS AND FLOU RATES FROM SOLUTE FREE TO
1907 C MOL AR CONCENTR ATIDH B AS IS - SPEC IF IC TO U-PU-HNO3-H03-S ALT S'rs
1900 C
1909 HST=8
1910 T0=3.65+XTBP
1911 C ADUEOUS PHASE
1912 DD 10 J-5,HST
1913 D E H A = 1. 0 +0. 0 724*X( I, J ) +0.13 *X( 2, J ) +0. 0309 *XC 3, J ) +0. 031 *XC 4, J )
1914 DO 9 I = l > HCO MP
1915 X( I, J ) = X( I, J) / DEN A
1916 9 CCHTINUE
1917 U(J)=UfJ)*DEHA
1918 la COHTIhuE
19L9 C ORGAHIt PHASE
l920 D0 20 J=1,4
1921 UG H= ( 4. 2-0. 015 + Tl J ) ) * ( l . 0-2. 0 * C X( 1, J ) +X r 2, J ) ) /TO-0. 6 *X C 3, J ) /TU) *
1922 IXTBP+*l.69
1923 DE H0 = l . 0 + 0. 09 7 +X ( 1, J ) +0.13 9 *X C 2, J ) +0. 043 *'X( 3, J ) +0. 0174*UOM
1924 DD 19 [ = 1, N C O MP
1925 X(I,J1=XfI,J)/DEHO
1926 19 CONTINUE
1927 U(J)-Uf J) *DEHO
1928 20 CONTINUE
1929 RETURil
1930 END
193L SUBROUTIHE ORGPH CTIN,XTEP,>DUT,D ISCO)
1932 C O MMO N /C O H 41 C O MP , H C S , N E , N S , TMA X, N C 3

1933 DIMENSIDH XDUTC10), DISCO (10)
l934 C
1935 C RETURHS A VALUE OF Y/X (DISCO) MR EACH VALUE OF X TRIED USING
1936 C SEPHIS DISTRIBUTIDH DATA
1937 F=XTBP
1938 UAM=XOUT(1)
1919 PUAM=X00T(2)
1940 HAM =XOUT(3)
194l S H I TR = XOU T(4)
1942 TEMPC=TIH
1943 IF (UAM.LT. 0) UAM=0.0
1944 IF(PUAM.LT.8) PUAM=0.0
1945 IF(HAM.LT.0) HAM =0.0
1946 IF (SH I TR . L T. 0) SHITR=0.0
1947 THM= H A M+2. 0 *tJ AM+2. 0 *PU AM+5H I TR
1948 I F ( T'IM. E O . O . 0 ) THM=1.0
1949 TEl1F R K = 1000 . 0 / ( TE MP C +273.16 )
1950 U K = i . 7 + TH M * * l . 5 7 + 1. 4 *Th M+ *3 . 9 + 0. 011 *TH M*~*7. 3
195L U K U K + f 4. 0 * F ** (-0.17 3 -3. 0 )
1952 P J K -UK + t D . 2 +0. 55 +F ** l . 25 +0. 0 0 74*THt1**2 )
1953 HKl=0.135*THM+*0.82+0.0052*THM**3.44
l954 IF(F.LT.1.0) H K t = HK 1 * C 1. 0-0. 5 4+EXP (- 15. 0 *F) ;

1955 IF f TEMPC .NE . 25. 0) U K = U K * E XP ( 2. 5 + ( TE MP R K-3. 3539 ) )
1956 I F ( TE MPC . llE . 2 5. 0 ) PUK=PUK+EVP(-0.2*CTEMPRK-3.3539))
1957 (F(TEMPC.NE.25.0) HK l = HK l * E XP ( 0. 34*( TE MP PK-3. 35 39) )
1958 HK2=hK1
1959 A=2.06(UK+UAM+PUK*PUAM+HK2+ HAM)
1960 B = H K l + Het1+ 1. 0
1961 C=-3.65+F
1962 IF(4.GE.1.0E-6) GO TO la
1963 TF=-C O
1964 GO TO 15
1965 10 COHTIllut
1966 TF = f -0 +SOR T (0 * *2-4. 0 + A +C) ) / C 2. 0 *A)
1967 15 CollTIlluE
1968 DH1=HKl+TF

59 ( :i !|- s
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1969 D H 2 = H K 2 * TF **2
1970 DH =DHl+DH2
1971 DU -UK*TF**2
1972 DPU=PUK*TF**2
1973 DISC 0(l)=DU
1974 DISC 0(2)=DPU
1975 DISC 0(3)=DH
1976 DISC 0(4)=0.0
1977 R E 'L ^l
1978 Ehi
1979 SUBmduTIHE DRI4E CH, TD, H0, YD, TOU T, EPS, PT, INDEX)
1980 C
1981 C THIS IS THE DECEMBER 20, 1974 VERSIDH OF
1982 C GEAR, A PACKAGE FOR THE SOLlJTIDH OF THE INITIAL VALUE
1983 C PROBLEM FOR SYSTEMS OF ORDINARY DIFFERENTI AL EDUATIDMS,
1984 C DY/DT = F (Y, T) , Y = (Y(l),YC2), ,YCN)).

L985 C SUBROUTIHE DRIVE IS A DRIVER ROUTIHE FOR THE GEAR PACKAGE.
L986 C
1987 C REFERENCES
1988 C 1. A. C. HINDMARSH, GEAR. DRDINARY DIFFERENTI AL EDUATION
1989 C SYSTEM SOLVER, UC ID-30001 REV. 3, L AURENCE LIVERMORE
1990 C LA00RATORY, P.O.80X 808, L I VE R MORE , CA 94550, DEC. 1974.
1991 C
1992 C 2. A. C. H!HDMARSH, LINEAR ttJLTISTEP METHODS FOR ORDINARY
1993 C DIFFERENTI AL EDUATIONS. METHOD FORT 1UL ATIONS,
1994 C STABILITY, AND THE METHODS OF NORD;IECK RND GEAR,
1995 C UCRL-51186 REV. l, L.L.L., MARCH 1972.
l996 C
1997 C 3. A. C. HINDMARSH, CONSTRUCTI0tl 0F MATHEl14 TIC AL SOFTUARE,
1998 C PART III. THE CONTROL OF ERPOR IN THE GEAR PACKAGE
l999 C FOR ORDIHARY DIFFERENTI AL EDUATICHS, UCID-30050 FART 3,
2000 C L.L.L., AUGUST 1972.
200l C
2002 C--------- - --------------- -------------------- ---- -----------------

2003 C DR IVE IS TO BE CALLED ONCE FOR EACH OUTPUT VALUE OF T, AMD
2004 C IN TURN MAKES REPEATED CALLS TO THE CORE INTEGRATOR, STIFF.
2005 C
2006 C THE IMPUT P AR AMETERS ARE.

THE HUMBER OF FIPST-ORDER DIFFERENTI AL EDUATIONS.2007 C H =

2008 C H CAN BE REDUCED, BUT NEVER INCREASED, DURIMG A PROBLEM.
THE INITIAL VALUE OF T, THE INDEPENDENT VARI ABLE2009 C TO =

2010 C (USED OHLY CH F IRST C ALL) .
THE HEXT STEP SIZE IN T (USED FOR INPUT CHLY CH THE2011 C HD =

2012 C FIRST CALL).
A VECTOR CF LENGTH H COHTAINING THE INITIAL VALUES OF20l3 C YO =

2014 C Y (USED FOR INPUT ONLY 011 F IRST C ALL) .
ThE VALUE OF T AT UHICH OUTPUT IS DESIRED HEXT.20l5 C TOUT =

2016 C INTEGRATICH UILL HORMALLY GO SLIGHTLY BEYOND TOUT
20l7 C AND THE PACKAGE UILL INTERPOL ATE TO T = TOUT.

THE RELATIVE EPROR BOUND (USED ONLY OH THE2018 C EPS =

2019 C FIRST CALL, UHLESS INDEX = -1) . SINGLE STEP ERROR
2020 C ESTIMATES DIVIDED BY YMAX(I) UILL BE KEPT LESS THAH
2021 C EPS IN ROOT-ME All-SOU ARE NORt1 (I.E. EUCLIDEAH NORM
2022 C DIVIDED BY SDRT(H) ). TH E VEC TO R 'rT1A X C F
2023 C UE IGH TS IS COMPUTED IN DRIVE. IMITIALLY rT1AX( I) IS
2024 C ASS (Y(I)), WITH A DEFAUL' VALUE OF 1 IF Y(I) =0
2025 C IllITI ALLY. THERE4FTEk, YMAXII) IS THE LHPGEST VALUE
2026 r OF ABS (Yil)) SEEN SO FAR, OR THE IN ITI AL YMAX( I) IF
2027 C THAT IS LARGER. TO ALTER E ITHER OF THESE, CH ANGE THE
202B C APPROPR I ATE STATEMEllTS IN THE DD-LOOPS ENDING AT
2029 C STA TE MEN TS LO AND 70 BELOU.

THE METHOD FLAG (USED ONLY Otl FIRST CALL, UMLESS2030 C t'F =

2031 C IHDEX * -1). ALLOUED VALUES ARE 10, 11, 12, l3,
2032 C 20, 21, 22, 23. MF HAS TUO DECIMHL DIGITS, ME TH

10 *METH + MITER).2033 C AND t1 ITER (MF =

2034 C METH IS THE B ASIC tE THOD IllD I C A TO R .
2035 C METH = 1 MEANS T HE ADAt15 METHODS .
2036 C ME TH = 2 MEANS THE BACKUARD DIFFERErlTI ATION
2037 C FORMULAS (BDF), OR STIFF t1ETHODS OF GEAR.
2038 C MITER IS THE I TER ATIDH METHOD INDICATOR.

~
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2039 C MITER = 0 ME AHS FUNCTICHAL ITER ATICH (HO PARTIAL
2040 C DERIVATIVES HEEDED).
204l C r1 ITER = 1 MEAHS CHORD t1ETHOD UITH ANALYTIC JACOBI AN.
2042 C FOR THIS USER SUPPLIES SUBROUTINE
2043 C PEDERV (SEE DESCRIPTIDH BELOLD.
2044 C MITER = 2 MEAHS CHORD METHOD UITH JACOBIAH CALCULATEI'
2045 C INTERNALLY BY FINITE DIFF5REHCES.
2046 C t1 ITER = 3 ME ANS CHORD t1ETHOD UITH J ACOBI AH REPL ACED
2047 C BY A DIAG 0HAL APPROXIMATIOH BASED CH A
2048 C DIRECTIONAL DERIVHTIVE.
2049 C INDEX = IHTEGER USED OH INPUT TO INDICATE TYPE OF CALL,
2050 C UITH THE FOLLOUING VALUES AND MEAHINGS.
2051 C 1 THIS IS THE FIRST CALL FOR THIS PROBLEM.
2052 C 0 THIS IS NOT THE F IRST CALL FOR THIS PROBLEt1,
2053 C AND INTEGRATI0H IS TO CONTINUE.
2054 C -l TH IS IS HOT THE FIRST CALL FOR THE PROBLEM,
2055 C AND THE USER HAS RESET H, EPS, AND/OR MF.
205S C 2 SAME AS 0 EXCEPT THAT TOUT IS TO BE HIT
2057 C EXACTLY (NO IN TE R POL A TIDH IS DONE).
2058 C ASSUMES TOUT .GE. THE CURRENT T.
2059 C 3 SAME AS 0 EXCEPT CONTROL RETURHS TO CALLING
2060 C PROGR AM AFTER ONE STEP. TOUT IS IGNORED.
2061 C SINCE THE HORMAL OUTPUT VALUE OF INDEX IS 0,
2062 C IT HEED HOT BE RESET FOR HORMAL CONTINUATIDH.
2063 C
2064 C AFTER THE IHITIAL CALL, IF A HORMAL RETURN OCCURRED AND A HORMAL
2065 C CONTINUATIDM IS DESIRED, SIMPLY RESET TOUT AND CALL AGAIH.
2066 C ALL DTHER PARAMETERS UILL BE RE ADY FOR THE HEXT C ALL.
2067 C A CHHHGE OF PAR AMETERS UITH INDEX = -1 CAN BE MADE AFTER
2068 C EITHER A SUCCESSFUL GR AH UH5UCCESSFUL RETURH.
2069 C
2070 C THE OUTPUT PAR AMETERS ARE.
2071 C HB THE STEP SIZE H USED LAST, LHETHER SUCCESSFULLY OR HOT.=

THE COMPUTED VALUES OF Y AT T = TOUT.2072 C YO =

2073 C TOUT THE OUTPUT VALUE OF T. IF INTEGRATI0H UAS SUCCESSFUL,=

2074 C AND THE INPUT VALUE OF INDEX UAS NOT 3, TOUT IS
2075 C UNCHANGED FROM ITS INPUT VALUE. O TH E R UISE, TOU T
2076 C IS THE CURRENT VALUE OF T TO UHICH INTEGRATI0H
2077 C HAS BEEH COMPLETED.
2078 C INDEX = INTEGER USED ON OUTPUT TO INDICATE PESULTS,
2079 C UITH THE TOLLOUING VALUES AND MEAHINGS.
2080 C 0 INTEGRATION UAS COMPLETED TO TOUT OR BEYOHD.
2081 C -l THE INTEGRATION UAS HALTED AFrER FAILING TO PASS THE
2082 C ERROP TEST EVEN AFTER REDUCIHG H BY A FACTOR OF
2083 C L.E10 FROM ITS INITIAL VALUE.
2004 C -2 AFTER SOME IHITI AL SUCCESS, THE IHTEGRATION UAS
20B5 C HALTED EITHER BY REPEATED ERROR TEST FAILURES OR BY
2086 C A TEST C i EPS. TGD t1UCH ACCUR ACY H AS BEEN REQU STED.
2007 C -3 THE INTEGRATION (JAS HALTED AFTER FAILING TO ACHIEVE
20BB C CORRECTOR COHVERGEHEE EVEN AFTER REDUCING H BY A
2089 C FACTOR OF !.E10 FROM ITS INITIAL VALUE.
2090 C -4 IMMEDI ATE HALT BECAUSE OF ILLEGAL VALUES OF INPUT
2091 C P A R A ME TE R S . SEE PRINTED MESSAGE.
2092 C -5 INDEX UAS -1 OH I MP U T, BUT THE DESIRED CHANGES OF
2093 C PARAMETERS UERE NOT IMPLEMENTED BECAUSE TOUT
2094 C UAS HOT BEYOND T. INTERPOLATIDH TO T = TOUT UAS
2095 C PERFORMED AS OH A HORMAL RETUPH. TO TKY AGAIM,
2096 C SIMPLY CALL AGAIN UITh INDEX = -1 AND A HEU TOUT.
2097 C
2098 C IN ADDITIDH TO DRIVE, THE FOLLOUING ROUTINES ARE PROVIDED IH
2099 C THE PACKAGE.
2100 C I N TE R P l TO U T, Y, N O , YB ) INTERPOLATES TO GET THE OUTPUT VRLUES
2101 C A T T = TO U T, FPOM THE DATA IN THE Y ARRAY.
2IO2 C S TIFF (Y, HO) IS THE CORE INTEGRATOR ROUTINE. IT PERF0PMS A
2103 C SINGLE STEP AND ASSOCI ATED ERROR CONTROL.
2104 C C O S E T( ME TH , H O , E L , TO . MAXD E R ) SCTS COEFFICIENTS FOR USE IH
2105 C THE CORE I N TE GR A TO R .
2106 C PSET(Y,HO, CON, MITER,IER) COMPUTES AND PROCESSES THE JACOBIAH
2107 C MATR IX J = DF/DY.
2109 C DEC(H.HO,A,IP,IER) PERFORMS AH LU DECOMPOSITIDH OH A MATRIX.
2109 C SOL (H,HO,A,B,IP) SDLVES LINE AR SYSTEMS A*X = D AFTER DEC
2110 C HAS BEEH CALLED FOR THE MATRIX A.
2111 C HOTE. PSET, DEC, AHD SOL ARE CALLED DHLY IF MITER = 1 OR 2.
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2112 C
2tl3 C THE FOLLOUING ROUTINES ARE TO BE SUPPLIED BY THE USER. ,
2114 C D IF FUH f H, T, Y, YDOTJ COMPUTES THE FUNCTIGH YDO T = F (Y, T), THE
2115 C RIGHT-HAND SIDE OF THE 0.D.E.
2116 C HERE Y AHD YDOT ARE VECTORS OF LEHCTH H.
211? C PEDERV(tl, T, Y, P D, NO) COMPUTES THE N BY H J AC09I AH t1 ATRIX OF
2110 C PARTIAL DERIVATIVES, AMD STORES IT IN PD
2119 C AS AH NO BY NO ARRAY. PD(I,J) IS TO BE

2120 C SET TO THE PARTI AL DERIVATIVE OF YDOT(!)
2121 C UITH RESPECT TO YtJ). PEDERV IS CALLED
2122 C OHLY IF MITER = 1. OTHERUISE A DUMMY
2123 C ROUTINE CAN DE SUBSTITUTED.
2124 C
2125 C THE DIMENSIGHS IN THE FOLLOUING DECLARATIONS ARE SET FOR A
2l26 C MAXIMUM OF 20 EDUATIDHS. IF THE PACKHGE IS TO USED FOR A LARCER
2127 C VALUE OF H, THE DIMENSIDHS SHOULD BE IHEREASED ACCORDINGLY, THE

2128 C DIMEMSION OF PU BELOU MUST EC AT LEAST H+,2 IF t1[TER = 1 OR 2,

2129 C BUT CAH DE REDUCED T0 ti IF MITER = 3, OR TO l [F MITER = 0.
2130 C THE D IMENS IONS OF iT1AX. ERROR. SAVE1, SAVE2, IPIV, AND THE FIRST
2131 C D IME NS I ON OF Y SHOULD ALL BE AT LEAST H. THE COLUMil LENGTH OF
2132 C THE Y ARRAY AS USED ELSEUHERE IS HO, NOT 20. THE ROU LENGTH OF Y

2.2133 C CAN BE PEDUCED FROM 13 TO 6 IF METH =

2134 C THE IP!V ARPAY IS USED ONLY IF MITER IS 1 OR 2.
2135 C
2136 C THE COMMON BLOCK GE AR9 CAN BE ACCESSED EXTERHALLY DY THE USER
213 C IF DESIPED. IT CONTAINS THE STEP SIZE LAST USED (SUCCESSFULLY),
2139 C THE ORDER LAST USED ( SU C C ES S F U L LY) THE NUMBER OF STEPS TAKEH
2139 C SO FAR, THE NUMBER CF F EVALUATIONS (DIFFUN CALLS) 50 FAR,
2143 C HIID THE NUMBER OF J ACOBI Atl EVALUATIONS 50 F AR.
2141 C
2142 C IN THE FOLLOUING DATA STATEMENT, SET.

THE UNIT POUND 0FF OF THE tMCHINE, I.E. THE SMALLEST2143 C UPOUND =

2144 C POSITIVE U SUCH THAT 1. +U .NE. 1. OH THE MACH INE .
THE LOGICAL UNIT NUMBER FOR ThE OUTPUT OF MESSAGES2145 C LOUT =

2ldS C DUPING THE INTEGRATION.
2147 C------- ------ - -------- ---------- --- ------- ------------- ---- ---

2140 C
2149CC+---------------------------------------------------------------++CCCC2150 CC+
215l CC+ L AUCENCE L IVERMGPE L ABORA TORY +CC

2152 CC+ HUNCP IC AL MATHEMATICS GROUP -- MHTHEMATIC AL SOFTUARE L IBR ARY +CC
+CC2153 CC+ CC1154 CC+--- ------------ -------- --- ------- ---- --- -- - --- --------

---------+CC+
2155 CC+
2156 CC+ CLASS ONE FOUTINE: DRIVE +CC

2157 CC+ REVISION: 0 +CC

2150 CC+ DATE LAST CHANGED: 76-02-10 +CC

2159 CC+ RELEASE STATUS: UNL IMI TE D +CC
+CC2160 CC+

2161 CC+ EACH CLASS ONE ROUTINE HAS BEEN THOROUGHLY TESTED BY hMG AND MEETS +CC

2162 CC+ CERTAIN DOCUMENTATION AND PPDCRAC1ING STANDAPDS. +CC
+CC2163 CC+

2164 CC + AT LENST ONE CONSULTANT IS AVAILAGL E TO ANSUER DUESTIONS AND RESP 0HD +CC

2165 CC+ TO PEPOR TED EPFDPS OR INADEGURCIES IN H CLASS ONE POUTINE. +CC
+C C2166 CC+

21r CC+ +------------ ------- ------------ ---- --- ---- ----------- - --+ +CC

?tGB CC+ + NOTICC + #CC
+ +CC2169 CC+ +

THIS PEPORT UA5 PPEPAPED AS AN ACCOUNT CP UCRK SPONSORED BY THE + +CC2170 CC+ +

Pl?! CC+ & UNITED STHTES GOVERNMENT. NEITHER THE UNITED STATES NDP THE + +CC
+CCUn lTED STH TES LNERGY PESE APCN AND I EVFLOPMI N r HDMINISTP ATION, +Pl?2 CC+ +

?!?3 CC+ * NOR HNY OF THEIR E"PL0iEES, NCF HNY OF THE IR CONTF AC TOPS. S 'J B - + +CC
+ +CC21?4 CC+ + CONTRHCIOPS, OR THEIR EMPLOR ES. MAG S 44 ( UAR P EN TY. EVPPESS OP

21,'S C C + + IMPLIED. OR ASSUMES ANY LELHL L l60 !L I TY OP PESPONS IB IL I TY FOR + +CC

2176 CL+ + THE HECURhCY. COMPLETENESS OR USEFULNESS OF ANY INF0PMHTION, + +CC

21?? CC+ + APPHRHTHS. PRODUCT OR PPCCESS DISCLOSED. OP REPPESENTS TH AT ITS + +CC
+ +CCPl?O CC+ + USE UGULD HDT [NFRINCE PR IVATELWOUNE D R IGHTS.
+ +CC21,'9 C C + +

2100 CC+ +------- ------------ --- --- ---- ---- --- ------------ - ----- --+ +CC
+CC2101 CC+

2182 CC+ PLE ASC REPCRT Ani SUSPEC TED EFPOPS In THIS FONTINE IrMEDIATELY TO NMG, +Cr
' +Cf2103 CC+ EXT. 3049 3329 OR 3200.

O s+CL2104 CC+
-2165CC+-----------------------------------------------------q--L-+CC
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2186 C
2187 D !t1 ENS ICH YDOT(3001
2188 D IMEllS IDH YO f H)
2189 DIMENSIDH Y(300,13)
2190 LCM (GEARG)
2191 COMM0H /GE AR 1/ T, H,HMIH,Ht1AX.. EPSC,UROUND, HC, MFC, KFL4G JSTART
2192 C0tt10!I /GE AR2/ Yt1AX(300)
2193 C 0t1M0H / GEAR 3/ ERROR (300)
2194 C0tt10H /GE AR4/ S AVE l(300)
2195 COMM0H / GEAR 5/ SAVE2(3001
2196 COMMON / GEAR 6/ PU(90000)
2197 C0t1110H / GEAR 7/ IPIVC300)
2198 COMMON / GEAR 8/ EPSJ,HSD
2199 C OMt10H /GE AR9/ HUSED, HOUSED,HSTEP, HFE, HJE
2200 COMMON /L ARM / STD PRCNT, EMC .EMSTD, EMPRCT
2201 DATA UROUND/7.IE-15/, LOUT /3/
2202 C
2203 IF ( INDEX .EO. Di GO TO 20
2204 IF (IMDEX .ED. 2) GO TO 25
2205 IF (INDEX .EO. -1) GO TO 30
2206 IF fINDEX .EO. 3) GO TO 40
2207 IF (INDEN .NE. 1) GO TO 430
2208 IF (EPS .LE. 0.) GO TO 400
2209 IF (H .LE. 01 GO TO 410
2210 IF ( t TO-TOUT) *HO .GE. 0.1 GO TO 420
2211 C------- ------------------------------- -------------------------------

2212 C IF IHITI AL VALUES OF S114X OTHER TH AH THOSE SET BELOU ARE DESIRED,
2213 C THEY SHOULD BE SET HERE. ALL TI9X( I) MUST BE POSITIVE.
2214 C IF VALUES FOR HMIH OR HMAX, THE BOUNDS OH ABS (H). O THE R TH AN
2215 C THOSE BELOU ARE DESIRED. THEY SHOULD BE SET BELOU.
2216 C--------------- ---------------------------------- -- -----------------

2217 DO 10 I 1,H=

2218 Yt1A X ( I ) ARS(YO C I))=

2219 IF (YMAX(I) .EO. 0.) YMAX(I) = 1-
2220 IB Y(I.11 = YO(I)
2221 HC = H
2222 T= TO
2223 H HD=

2224 IF ((T+H) .EO. T) URITE(LOUT,15)
2225 15 FORMAT ( 35H UHRH ING. T+H = T CH NEXT STEP.)
2226 HMIH = ABSfHO)
2227 HMAX A C S ( TO- TO U T) * 10.=

2228 EPSC EPS=

2229 MFC MF
2230 JSTART = 0
223l NO =H
2232 HSD = N0+NC
2233 EPSJ = 50RT(UROUND)
2234 NHCUT = 0
2235 GO TO 50
2236 C
?23' C TOU TP IS THE PPEV10US VALUE OF TOUT FOR USE I N H MA X . - -- - - - -- - - - - - -- -
2238 20 HMA> HBSfTOUT-TOUTP)*10.=

2239 GO TO 80
2240 C
2241 25 Hi%X = ABS I TOUT-TOUTP) + 10.
2242 IF t 1 T-TOUT) +H .GE. D.) CD T3 500
2243 GO TO 95
2244 C
2245 30 IF t i T-TOU T) *H .GE. 0.) GO TO 440
224{ JSTDPT =-1
224? HC =H
224B EP3C e EPS
2249 MFC s tiF
2250 C
2251 40 IF riT+H) .EO. T) UPITE' LOUT,15)
2252 C
2253 50 CALL STIFF ( Y, HO)
2254 C
2255 KGO = l - KFLAG
2256 GO TO r60. 100. 200, 300)- KGO
2 2 5.' C K F L 4 r. 0 -t, -?. -3=

2250 C
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2259 60 CONTItiUE
2260C------------------------------------------------------------------
226! C HOR t1AL PETURil FR0t1 INTEGRATOR,
2262 C
2263 C THE UE IGHTS Yt1AXC I) ARE UPDATED. IF DIFFERENT VALUES ARE DESIRED,
2264 C THEY SHOULD DE SET HERE. A TEST IS t1ADE FOR EPS BEING TD0 St1ALL
2265 C FOR THE t1HCH INE PPEC IS IDH.
2266 C
2267 C AN / OTHER TESTS OR CALCULATIONS THAT ARE REQUIRED AFTER EVERY
2260 C STEP SHOULD BE IHSERTED HERE.
2269 C
2270 C IF INDEX = 3, NI) IS SET TO THE CURRENT Y VALUES OH RETURH.

2, H IS CONTROLLED TO HIT TOUT (UITHIH ROUNDOFF2271 C IF INDE) =

2272 C EPPOR), AND THEN THE CUPRENT Y VALUES ARE PUT IN YO OH PET 1JRN.
2273 C FOR AHY OTHER VALUE OF INDEX, CONTROL RETURHS TO THE I N TE G R A TOR
2274 C UHLESS TOUT HAS BEEN REACHED. ThEH INTERPOL ATED VALUES OF Y ARE
2275 C COMPUTED AND STOPED IN YO OH RETURH.
2276 C IF IN TE P PO L A T I D H IS 110T DESIRED. TH E C A LL TO INTERP SHOULD BE
2277 C REMOVED AtID CONTROL T?AHSFERPED TO STATEMENT 500 INSTEAD OF 520.
2270C------------------------------------------------------------------
2279 D = 0.
2200 DO 70 I 1,H=

ABS (YCI,1))2281 AYI =

2202 Yl1H XI I I M1A X 1 ( Yt1A X( I ) . AYI)-

2283 /0 D = D + t AY I rrl1AX f I ) ) * * 2
2204 D = D+(UROUND/EPS)**2
2285 IF (D . G T. FLOAT (NJ) GO TO 250
2286 IF t ItlDEM .EO. 31 GO TO 500
2287 IF fINDEX .EO. 2) GO TO 85
2280 80 IF ( I T-TOU T) *H .LT. 0.) GO TO 40
2289 CHLL I N TE RP I TOU T, Y, HD, YO)

2290 GO TO 520
2291 05 IF ( t ( T+H)-TOUT) *H .LE. 0.) GO TO 40
2292 IF ( 40 S I T- TO U T) .LE. 100. + URO UN D +HMA X) GO TO 500
2293 IF ftT-TOUT)*H .GE. 0.1 GO TO 500

f TOUT - T) * ( 1. - 4. *UROUND)2294 H =

2295 JSTART = -l
2296 GO TO 40
2297 C------------------ ------ ------------ --------------------------------

2290 C DH AH EPROR PETUPH FR0t1 I N TE GR A TO R , AN Itt1CDI ATE RETURN OCCURS IF
2299 C KFLAG = -2, HHD RECOVERY ATTEMPTS ARE MHDE OTHERUISE.
2300 C TO R E C OVE R , H AND Ht11H ARE PEDUCED BY A FHCTOP OF .1 UP TO 10
2301 C TIMES BEFORE GIVING UP.
2302 C----------------- -------------------- ---------------------- ---------

2303 100 LJR l TE ILOUT,105) T
2304 105 F0PMHT1 /35H KFL AG = -1 FR0t1 INTEGR ATOR AT T = ,E16.0/
2305 1 30H EPROR TEST FAILED UITH ABS r H) = HMIH/)
2306 ll0 IF (NHEUT .EO. 10) GO TO 150
230? HHCUT = H H C L' T + 1
2300 Hr1!H .1+HMIH=

2309 H ,1*H=

2310 URITE ILOUT,115) H
2311 115 FORMH Tf 24H H HAS BEEN REDUCED TO ,E16.8,
2112 1 26H AHD STEP UILL BE PETR IED//)
2313 JSTART = -1
2314 GO TO 40
2315 C
2316 150 LPITE ILOUT,155)
2317 155 FORMHT(//44H PPOBLEM APPEARS UNSOLVABLE UITH GIVEN INP U T//)
23l8 GO TO 500
2319 C
2320 200 URITE ILOUT,205) T, H
232l 205 FORMHTI /35H KFL AG = -2 FR0t1 INTECP ATOR AT T = .E16.0.5H H,

2322 1 E16.8/52H THE REQUESTED ERPOR IS SMALLER TH AH C AN BE HANDLED //)
2323 GO TO 500
2324 C
2325 250 URITE I L O U T,2551 T
2326 75 FORMHTI /37H IHTEGPATICH H ALTED BY DR I'XP AT T = ,EIG.0/
2327 1 56H EPS TOO SMALL TO BE ATTAINED F OR THE 11iEH INE PREC IS 10H/)
2320 KFLAG = -2
2329 GO TO 500 *

2330 C ,

2331 310 LP I TE (LOUT,305) T
,



l'332 305 FORM 1T(//35H KFLAG = -3 FROM INTEGR ATOR AT T = ,El6.8/
2333 1 45H CORRECTOR CONYERGENCE COULD HOT BE ACHIEVED /)
2334 GO TD 110
2335 C
2336 400 LR I TE (LOUT,405)
2337 405 F OR MAT ( //20H !LLEGAL INPUT. EPS .LE . 0. //)
2338 INDEX = -4
2339 RETURH
2340 C
2341 410 URITE (LOUT,415)
2342 415 FORMATl//25H ILLEGAL IHPUT. H .LE . 0//)
2343 INDEX = -4
2244 RETURH
2345 C
2346 420 LR I TE (LOUT,425)

2347 425 FORMAT f //36H ILLEGAL INPUT.. ( TB-TO U T) * H .GE. B.//)2348 INDEX = -4
2349 RETURH
235J C
2351 430 i~ITE ( L O U T,435) INDEX
2352 435 < MAT (//24H ILLEGAL INPUT.. INDEX , I5//)i

2353 [h?EX - -4
2354 R E TURN
2355 C
2356 440 LRITE(L0ur,445) T, TO U T, H
2357 445 F OR MAT ( //44h INDEX = -1 DN INPUT UITH ( T- TO U T) *H . GE . D . /2358 1 4H T =,E16.8.9H TOUT ,,E16.8,EH H =,E16.8/
2359 1 44H INTERPOLATION UAS DONE AS ON HORMAL RERJRN./2360 2 41H DESIRED PARAFETER CHANGES UERE NOT MADE.)
2361 CALL INTERP ( TOU T, Y, H0, YO)
2362 IHDEX = -5
2363 RE TURN
2364 C
2365 580 TOUT - T
2366 DO 510 I= 1,H
2367 510 YO(I) = Y(I,1)
2368 520 INDEX = KFLAG
2369 TOU TP = TOU T
2370 H0 - HUSED
2371 IF (KFLAG .HE. 6) HO = H
2372 C ALL HO ISE (H. YO. STD, PRCHT, EMC)
2373 RE TURH
2374 C----------------------- END OF SUBROUTIHE DRIVE -----------------
2375 END

2376 C
2377 SUBROUTIHE NOISE CH,YO,STD,PRCNT,Ei4)
2378 C
2379 C THIS SUBROUTIHE COMPUTES AND ADDS NOISE TO THE V%RI ABLE VECTOR2380 C LHENENER CALLED
2381 C
2382 C STD IS THE ABSOLUTE STANDARD DEVI ATIDH OF THE HOI 5E
2393 C PRCHT IS THE PER CENT OF VALUC STAHDARD DEVIATIDH OF THE NOISE2384 C STD OR PRCH7 5HOULD BE 2ERO
2385 C
2386 C RHFL IS THE RANDOM HUMBER GENERATOR - IT IS MACHINE DCPENDENT2387 C
2388 DIMENS IDH YB CH)
2389 IF ( S TD . E 0. 0. 0. ' lD . PRCH T. E 0. 0. 0 ) RE TURH
2390 IF (STD.E0.0.8) GO TO 10
2391 IF (STD.NE.0.0.AHD.PRCNT.NE.O.0) UR I TE ( 3,100)
2392 IF (STD . NE . 0. 0. AND . PRCHT. NE . D . 8) PRCHT=0.0
2393 DO 2 J-1,H
2394 GAUSS =0.0
2395 DO I I-1,12
2396 GAUSS = GAUSS &RHFL(EMC)
2397 CALL IRHFL(EMC)
2398 1 CONTIiiUC
2399 G A'JSS = ( GRUSS- 6. 0 ) *-S TD
2400 YO(J)=YO(J)& GAUSS
2401 2 CONTIHUE
2402 GO TO 20
2433 10 DO 12 J=1,H
2404 CAUSS=0.0
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2405 DO 11 I = l ,12

2406 GAUSS-GAUSS +RHFL(EMC)
2407 CALL IR HF L ( Et1C )
2408 11 CCHTIMUE
2409 G AUSS= f GAUSS-6. 0) *PRCHT*YO CJ) /!00.0
2410 YO ( J ) =YO ( J ) +G AU SS
2411 12 CONTIll4E
2412 20 CONTIHUE
2413 RE TURN
2414 100 FORtHT (IBX, "*n EITHER STD OR PRCHT SHOULD BE 2ERO, STD URS USED ****)
2415 EllD
2416 C
2417 C
2410 SUBROUTIHE STIFF (Y, HO)

- - - - - - - - - - - - - - - - -2419C-----------------------------------------
2420 C THE FOLLOUING CARD IS FOR OPTIMIZED C0ri)ILATIDH UNDER CHAT.
2421 OPTIMI2E
2422C----------------------------------------- - - - - - - - - - - - - - - --

2423 D IMENS IGH Y(HO,1)

2424 LCM (GEAR 6)
2425 C0t1MOH /GE AR 1/ T, H, HMIP, HMAX, EPS, UROUND, H, MF, KFL AG, JSTART
2426 COMt10H / GEAR 2/ Yt1AX(1)
2427 C0t1MOH / GEAR 3/ ERROR ( t)
2420 C0t1 MON /GE AR4/ S AVE l( L)
2429 COMt10H /GE ARS/ SAVE2 C l)
2430 COMt10H /GE AR6/ PU(l)
2431 C0t1MOH / GEAR 7/ IP IV( t)
2432 C0t1t10H / GEAR 9/ HUSED,NOUSED,HSTEP,HFE,HJE
2433C------------------------------------------------------------ --

2434 C STIFF PERFORMS ONE STEP OF THE INTEGRATION OF AN IHITIAL VALUE
2435 C PPOBLEM FOR A SYSTEt10F ORDINARY DlFFERENTI AL EQUATIONS.
2436 C C0 tit 1UNICATIDH UITH STIFF IS DONE UITH THE FOLLOUING YARI ABLES.
2437 C
2438 C Y AH NO BY LtNX ARRAY CONTA!HIHG THE DEPENDENT VARI ABLES
2439 C AND THEIR SCALED DERIVATIVES. LMAX IS 13 FOR THE ADAMS
2440 C t1ETHODS AND 6 FOR THE BE S THODS. LMAX - L - t1AXDER
2441 C IS THE t1AXIMUM ORDER AVAIL ABLE. SEE SUBROUTINE COSET.
2442 C Y(I,J+1) CONTA IHS THE J-TH DER IVATI'd 0F YC I), SCALED BY
2443 C H +*J /F ACTOR I AL C J) (J = 0.1, ,HO),

2444 C HO A CONSTANT INTEGER .GE. H, USED FOR DIt1EMSIGHING PURPOSES.
2445 C T THE INDEPENDENT VARIABLE. T IS UPD ATED ON E ACH STEP TAKEN.
2446 C H THE STEP SI2E TO BE ATTEt1PTED ON THE HEXT S TEP .
2447 C H IS ALTEPED BY THE ERROR CONTROL ALGORITHM DURING THE
2449 C PPOBLEt1. H CAN BE EITHER POSITIVE OR HEGATI'd, BUT ITS
2449 C SIGti tidST pet 1AIN CONSTANT THROUGH1UT THE PROBLEM.
2450 C HMIH, THE MINIMUM AHD t1AXIt1UM ABSOLUTE VALUE OF THE STEP SIZE
2451 C H MAv. TO BE USED FOR THE S TE P . THESE MAY BE CHAllGED AT ANY
2452 C TIME, GUT UILL NOT TAKE EFFECT UNTIL THE HEXT H CHANGE.
2453 C EPS THE REL ATI'K ERROR BOUND. SEE DESCRIPTIDH IN DRI'KR.
2454 C UROUND THE UNIT ROUND0FF OF THE MACHINE.
2455 C H THE HUMBER OF FIRST-ORDER DIFFERENTI AL EDUATIONS.
2456 C HF THE METHOD FLAG. SEE DESCRIPTIOH IN DRIVER.
2457 C KFLAC A COMPLETI0H CODE UITH THE FOLLOUING 11EAHINGS.
2450 C 0 THE STEP LOS SUCCESFUL.
2459 C -l THE PEDUESTED ERPOR COULD HOT BE ACHIEVED

Hi1I H .2460 C UITH AGSfH) =

2461 C -2 THE REQUESTED EPPOR IS St1 ALLER TH AH C AH
2462 C BE HANDLED FOR THIS PPCBLEt1.
2463 C -3 CORRECTOR COM'KRGENCE COULD HOT BE
2464 C ACHIEVED FOR ABSiH) = Ht1[H.
2465 C ON A RETURN WITH KFL AG NEGATIVE. THE VALUES OF T AND
2466 C THE Y ARPAY ARE AS OF THE BEGINHING OF THE LAST
2467 C STEP, AND H IS THE L AST STEP S IZE ATTEMPTED.
246R C JSTART AN INTEGER USED CH INPUT AND OUTPUT.
2469 C OH IHPUT, IT HAS THE FOLLOUING VALUES AND |1E AHINGS.
2470 C 0 PERFORt1 THE FIRST STEP,
24?! C .GT.0 TAVE A HEU STET 3 CONTINUING FP0t1 THE LAST.
2472 C . L T. B TAKE THE HEXT STEP UITH A HEU YhLUE OF
2473 C H. EPS. II. A H D O R |1F
2474 C ON EXIT, JSTART IS NO, THE CUPPEHT ORDER OF THE METHOD.
2475 C Yt1AX HH APRAY OF H ELEMENTS WITH UHICH THE ESTIt1aTED LOCAL

O
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2476 C ERRORS IH Y ARE COMPARED.
2477 C ERROR AH ARR AY OF H ELEMENTS. ERROR (I)/TDC2) IS THE ESTIt1ATED
2478 C OHE-STEP ERROR IN Y(I) .
2479 C SAVEl, TLIO ARRAYS OF UORKING STORAGE,
2400 C SAVE2 EACH OF LENGTH H.
248l C PU A DLOCK OF LOCATIONS USED FOR PARTIAL DERIVATIVES IF
2482 C MITER IS HOT 0. SEE DESCRIPTIDH IN DRIVER.
2483 C IPIV AH INTEGER ARRAY OF LENGTH H USED FOR PIVOT

1 OR 2.2484 C INFORMATI0H IF MITER =

2485 C------------------ ---------- -----------------------------------------

2486 DIMEHSIDH EL(131,TO(4)
2487 DATA EL(2)/1./, OLDLD/l./
2488 KFLAG = 0
2499 TOLD = T
2490 IF (JSTART .GT. 0) CD TO 200
2491 IF (JSTART .NE. 0) GO TO :20
2492 C-----------------------------------------------------------------------
2493 C OH THE FIPST CALL, THE ORDER IS SET TO L AND THE INITI AL YDOT IS
2494 C C AL CUL A TE D . RMAX IS THE MAXIMUM RATIO BY LHICH H CAN BE INCREASED
2495 C IN A SINGLE STEP. IT IS IHITI ALLY 1.E4 TO COMPENCATE FOR THE SMALL
2496 C IHITI4L H, BUT THEH IS h0RMALLY EDUAL TO 10. IF A FAILlJRC
2497 C OCCURS (IH CORRECTOR CCHVERGENCE OR ERROR TEST), RMAX IS SET AT 2
2498 C FOR THE HEXT INCRE ASE.
2499C--------------------------------------------------------------------
2500 C AL'_ D'al2 (H. T. Y, SAVEli
2501 DO 110 I 1,H=

2502 110 Y(I,2) = H FS AVE l ( I)

2503 METH = MF/10
2504 MI TER = t1F - 10 +ME TH
2505 HD = l

22506 L =

2507 IDOUD = 3
2508 R t1A X = l.E4
2509 RC = 0.
25l0 CRATE = 1.
2511 HOLD = H
2512 MF O L D = MF
2513 MSTEP =0
2514 '!GTEPJ =0
2515 HFE L=

2516 HJE =0
2517 IRET = 3
2518 GO TO 130
2519 C-----------------------------------------------------------------------
2520 C IF THE CALLER HAS CRHGED METH, COSET IS PALLED TO SET
2521 C THE COCFF IC IENTS OF THE METHOD. IF THE CALLER HAS CHANGED
2522 C fl, EPS, OR METH, Thi CONSTAHTS E, FDH, EUP. AHO BHD r1UST BE PESET.
2523 C E IS H COMPARISON F'JR EPRORS OF THE CURPENT ORDER HQ. EUP IS
2524 C TO TEST FOR IHCPEAS HG THE ORDER, EDH FOR DECPE" SING FHE ORDER.
2525 C BilD IS USED TO TEST CDR COHVERGENCE OF THE CORRECTOR I TE R A TE S .
2526 C IF THE CALLER HAS CHkNGED H, Y MUST DE RESCALED.
252? C IF H OR METH HAS BEEN CHANGED. IDOUB IS RESET TO L + 1 TO PREVENT
2520 C FURTHER Chat'GES IN H FOR TH AT MANY STEPS .
2529C-----------------------------------------------------------------------
2530 120 IF ( MF .EO. MFDLD) GO TO 150
2531 ME O = ME TH
2532 MID = MITER
2533 METH = MF 10
2534 MITEP = MF - 10+METH
2535 MFDLD MF=

2536 IF (MITER .NE. MIO) IUEVAL = MITER
2537 IF ( 11E TH . E O . 11E O ) GO TO 150
2538 IDOUD = L +l
2539 IPET = 1
2540 130 C ALL COSE T (METH, HC, EL, TO, MAXDiW)
2541 LMAX = MAXDER +1
2542 PC = PC* elf 1)/DLDLO
2543 OLDLO ELill=

2544 140 FN = FLO ATlH)
2b45 EDH = F H * t TO ( 1 ) + E P S ) * * 2
2546 E = F H * l TO 2 ) + E P S ) * + 2
2547 EUP = FH+tTut3)+EPS)++2
2540 BHD = F H * t TO t 4) + E P S ) * + 2
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2549 EPSOLD = EPS
2550 HOLD = H
2551 GO TD (160, 170, 200), IRET
2552 150 IF ((EPS .EO. EPSOLD) .AND. (H .EO. HOLD)) GO TO 160
2553 IF (H .HE. HOLD) IUEVAL = MITER
2554 IRET = 1
2555 GO TO 140
2556 160 IF (H .EO. HOLD) GO TO 200
2557 RH = H/ HOLD
2558 H = HOLD
2559 IREDO - 3
2560 GO TO 175
2561 170 RH = AMAXI(RH HMIH/ABSCH))
2562 175 RH = AMIH l(RH, HMAX/ ABS (H), RMAX)
2563 Rt= 1.
2564 DO 180 J = 2,L
2565 Rt = Rl*RH
2566 DD 180 I = 1,H
2567 180 Y(I,J) = Y(I,J)*RL
2568 H = H+RH
2569 RC = RC*RH
2570 IDOUB = L + 1
257l IF (IREDO .EO. 0) GO TD 690
2572C------------------------------------------------------------------ --

2573 C THIS SECTICH COMPUTES THE PREDICTED VWLUES BY EFFECTIVELY
25?4 C t0LTIPLYING THE Y ARRAY BY THE PASCAL TRI ANGLE MATR IX.
2575 C RC IS THE RATIO OF HEU TO OLD VALUES OF THE COEFFICIENT H *E L ( 1 ) .
2576 C LNEH RC D tFFERS FR0t1 1 BY MORE THAH 30 PERCEHT, OR THE CALLER HAS
2577 C CHANGED MITER. IUEVAL IS SET TD MITER TO FORCE THE PARTI ALS TD BE
2578 C UPDATED, IF PARTIALS ARE USED. [H ANY L NSE. THE P ARTI ALS
2579 C ARE UPDATED AT LEAST EVERY 20-TH STEP.
2500 C------------------------------------- ---------------------------------

258l 200 IF (98S(RC-1.) .GT.'O.3) IUEVAL = MITER
2582 IF (HSTEP .GE. HSTEPJ+20' ILEVAL = MITER
2583 T=T+H
2584 DO 210 J1 1,ND=

2585 DO 210 J2 = JI,HO
2586 J= (HD + J1) - J2
2587 DO 210 I - 1,H
2599 210 Y(I.J) Y(I,J) + Y(I,J+1)=

2589 C-----------------------------------------------------------------------
2590 C UP TO 3 CURRECTOR ITERATIGHS ARE TAKEH. A COHVERGEHCE TEST IS
2591 C linDE ON THE R.M.S. HORt10F E ACH CORRECTION, USING BND, IJHICH
2592 C IS DEPENDENT OH EPS. THE SUM OF THE CORRECTIDHS IS ACCUMUL ATED
2593 C IN THE VECTOR ERROR (I) . THE Y ARPAY IS NOT ALTERED IN THE CORRECTUR
2594 C LOOP. THE UPDATED Y VECTOR IS STORED TEMPOR AR ILY IN SAVE l .
2595C---------------------------------------------------------------------
2596 220 DO 230 I= 1,N

2597 230 ERRORCI) 0.=

2590 t1 = 0
2599 CALL DYH2 (H, T, Y, S AVE 2)
2600 HFE - HFE + 1
2601 IF (IUEVAL .LE. 0) GO TO 290
2602C----------------------------------------------------------------------
2603 C IF INDICATED, THE MATR IX P = I - H *EL (1) *J IS REEVALUA IED BEFORE
2604 C STARTING THE CORRECTOR ITERATIDH. ILEVMLjS SET TO O AS AH
2605 C INDICATDR THAT THIS HnS BEEN DONE. IF t1IT ER = 1 OR 2, P IS
2606 C COMPUTED AND PROCESSED IM PSET. IF MITER = 3, THE MA TR IX USE D
2607 C IS P = 1 - H*EL(1)*D, UHERE D IS A D I AG0H AL t1ATR IX.
2608 C-----------------------------------------------------------------------
2609 IUEVAL = 0
26l0 RC = 1.
26tl HJE = HJE + 1
2612 HSTEPJ = HSTEP
26l3 GO TD (250. 240, 260), MITER

'

2614 240 HFE = HFE + H
2615 250 COM = -H+EL(1) (
2616 CALL PSET ( Y, NO. COH, M I TE R , IER)

/,'2617 IF (IER .NE. 0) GO TO 420
2618 GO TO 350 J
2619 260 R = EL(1)t.1

.

2620 DO 270 I 1,H=

262l 270 PU(I) = Y( I,1) + R *(H *S AVE 2 C I) - Y(I,2))

2622 CALL DY112 (H. T, PU. S A VE L )
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2623 NFI = HFE + t
2624 HLO = H+EL(1)

1,H2625 DO 280 I =

2626 RO = H *S AVE 2 ( I) - YCI,2)

1.2627 PUfl> =

2628 D= .!+R0 - Hv(SAVEl(Il - S A VE2 ( II )
2629 SAVElrI) = 0.
2630 IF (HOS(RO) .LT. UROUND *YMAX( I) ) GO TO 280
263t IF (ABSfD) .EO. 0.) GO TO 420

,l*RO/D2632 PU(Il =

2633 S AVE l f t ) = PU(I1*RO
2634 280 CONT! HUE
2635 GO TO 370
2636 290 IF (MITER .NE. 0) GO TO (350, 350, 310), MITER
2637 C------- ---------------------------------------- ----- Y FROM----------

--

2630 C IN THE CASE OF FUNCTIDHAL I TER A TID H, UPDATE Y DIRECTL
2639 C THE PESULT OF THE LAST DIFFUM CALL.
2640 C--------------------------- ----- -------------------------------------

2641 D = 0.
2642 DO 300 I 1,H-

2643 R = H+SA'42(Il - YCI,2)
2644 D=D+( ( R-ER ROR ( !) ) /YMA X( I) )*t2
2645 SAVEl(I) = Yf t ,1 ) + EL(1)*R

R2646 300 ERROR (Il =

2647 GO TO 400
-----------

2649 C------------ ---------------------------------------------- OR,
2649 C IN THE CASE OF THE CHORD METHOD. COMPUTE THE CORRECTOR ERR
2650 C F SUB (Mi, AND SOLVE THE LINEAR SYSTEM UITH THAT AS RIGHT-HAND
2651 C SIDE AND P HS COEFFICIENT tNTRIX. USING THE LU DECOMPOSITION

1 OR 2. IF MITER = 3, THE COEFFICIENT H+EL(1)2652 C IF MI TER =

2653 C IN P IS UPD ATED.
2654 C----------- ------------------------------------------------------ ----

2655 310 PHLO = HLO
2656 HLO = H+EL(1)
2657 IF (HLO .EO. PHLO) GO TO 330
2658 R = HLO/PHLO
2659 DO 320 I 1,H-

2660 D= 1. - R*(1. - 1. /PUC I) )

2661 IF (ADS (D) .EO. 0.) GO TO 448
1./D2662 320 PU(I) =

2663 330 DO 340 I= 1,H
2664 340 S AVE l ( I) = PU( I) * f H +S AVE 2 ( I) - (Ytt 2) + ERRORCI)))
2665 GO Tu 37E
2666 350 DO 360 I 1,H=

H + 5 AVE 2 ( I) - (Y(I,2) + ERROR (I))2667 360 S A'sE l f ! ) =

2668 CALL SOL (H, HD, P U, S A VE 1, I P IV)
2669 370 D = 0.
2670 DO 380 I = 1,H
2671 ERRORll) = ERRORCI) + S AVE l(I)
2672 D = D + ( S AVE l ( I) /YMAX( I) ) **2

Y( I,1 ) * EL(t)* ERROR (I)2673 380 S AVE l ( I) =

2674C--------------------------------------------- ----- ------- -

2675 C TEST FOR COH'4RGEHCE. IF M.GT.0, AN ESTIMATE OF THE COHVERGENCE
2676 C RATE CONSTANT IS STORED IN CRATE, AND TH IS IS USED IN THE TEST.
2677C-------------------------------------------------------------------
2670 400 IF ( t1 . N E . 0) CR ATE = AMAXI( . 9 +tR ATE,D/DI)
26?9 IF ( ( D * AM I H l ( 1. ,1. *CR A TE ) ) .LE. BHD) GO TO 450
2600 DL =D
2601 M=M+ 1
2682 IF (M .EO. 3) GO TO 410
2683 CALL DYH2 (H. T. SAVE1, SAVE2)

2684 GO TO 290

2 6 8 5 C - - - - - - - - - - - - - - - - - - - - - - - - - ---- - -- - - -- - -- - -- - -- ---- - - - - -- -- I F P A R T I A L S -
-------

2686 C THE CORRECTOR ITERATIDH FAILED TO COHVERGE IH 3 TRIES.
2687 C ARE IH'4LVED BUT ARE NOT UP TO D ATE, THEY ARE REEVALUATED FOR THE
2688 C NEXT TRY. OTHERUISE THE Y ARRAY IS RETRACTED TO ITS VALUES
2609 C BEFORE PPEDICTION, AHD H IS REDUCED, IF POSSIBLE. IF HOT, A

2690 C NO-COHVERGEHCE EXIT IS TAKEN.
2691 C------------------------------------------------

---------------------

2692 410 HFE = HFE & 2
2693 IF ( ILEVAL .EO. -1) GO TO 440
2694 420 T = TOLD
2695 RMAX = 2.
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1,HD2696 DO 430 J1 =

2697 DD 430 J2 = Jt,HO
2698 J= (HO + J1) - J2
2699 DO 430 I = 1, N
2700 430 Y(I,J) = YCI,J) - YC I, J+l)

2701 IF (ABS (H) .LE. HMIH*l .00001) GO TD 680
2702 RH = .25
2703 IREDO = 1
2704 GO TO I?O
2705 440 IUEVAL = MITER
2706 GO TO 220
2707 C--------- ----------------------------------------------------- --

2708 C THE CORRECTOR HAS CONVERGED. I UE9%L IS SET TD -1 IF PARTIAL
2709 C DERIVATIVES UERE USED, TO SIGNAL THAT THEY MAY HEED UPDATING ON
2710 C SUBSEQUENT STEPS. THE ERROR TES T IS tNDE AND CONTROL PASSES TO
27tl C STATEMENT 500 IF IT FAILS.
2712C-----------------------------------------------------------------
2713 450 IF (MITER .NE. 8) ILE\%L = -1
2714 NFE = HFE + M
2715 D = 0.
2716 DO 460 I= 1,H
2717 460 D = D + (ERROR C I) /Yt1AX( I)) **2
2718 IF (D .GT. E) GO TD 500
2719C--------------------------------------------- - - - - - - - - - - - - - - - -

2720 C AFTER A SUCCESSFUL STEP, UPDATE THE Y ARRAY.
272l C CONSIDER CHANGING H IF IDOUB = 1. OTHERUISE DECREASE IDOUB BY 1.
2722 C IF IDOUB IS THEM 1 AHD NO .LT. MAXD E R , THEN ERROR IS SAkED FOR
2723 C USE IN A POSSIBLE ORDER INCREASE CH THE HEXT STEP
2724 C IF A CHANGE IH H IS CONSIDERED, AN INCREASE OR DECREASE IN ORDER
2725 C BY ONE IS CONSIDERED ALSD. A CHANGE IN H IS MADE ONLY IF IT IS BY A
'726 C FACTOR OF AT LEAST 1.1. IF HOT, IDOUB IS SET TO 10 TO PRE 4ENT
c727 C TESTING FDP TH A T MANY S TE PS .
2729 C-----------------------------------------------------------------------
2729 KFLAG = 0
2730 IREDO = 0
273l H S TE P = HS TE P +1
2?32 HUSED = H
2733 HOUSED = HD
2734 00 470 J = 1.L
2735 DD 4?O I 1,H=

2736 470 YCI,J) - Y(I,J) + EL (J) *EPROR C I)
2737 IF (IDOUB .EO. 1) GO TO 520
2738 1D0U8 = IDOU8 - 1
2739 IF (IDOUD .GT. 1) GO TO 700
2740 IF (L .EO. L MA X) GO TO 700
2741 DO 490 I= 1,H
2742 490 Y( I , L MA X) = ERROP(I)

2743 GO TO 700
2744 C----------------------------------------------------------------- ---

2745 C THE ERROR TEST FAILED. KFLAG KEEPS TPACK OF MULTIPLE FAILURES.
2746 C RESTORE T PhD THE Y ARRAY TO THEIR PREVIOUS VALUES, AND PREPARE
2747 C TO TR'r THE STEP AGAIN. COMPUTE THE OPTIttM STEP SIZE FOR TH IS OR
2748 C ONE LOLER OPDER.
2743 C------------------ -- ------ ------------ ------------------- ---------

2750 500 KFLAG = KFLAG - 1
2751 T= TOLD
2752 DO 510 J1 1,HO=

2753 DO 510 J2 - J1,HO
2754 J= IHO + Jt) - J2
2755 DO 510 I l.H=

2756 510 YII,J) Y(I,J) - Y(I,J+1)=

275? RtMX = 2.
2750 IF (ADS (H) .LE. HMIH+1.0000l) GO TO 660
2759 IF (KFLAG .LE. -3) GO TO 640
2760 IREDO = 2
2761 PR3 = 1.E+20
2762 GO TO 540
2763 C---------- -----------------------------------------------------------

2764 C PEGAPDLESS OF THE SUCCESS OR FAILURE OF THE STEP, F AC TDPS '

2765 C PRt. PR2. AND PR3 ARE COMPUTED, BY lJHICH H COULD BE DIVIDED
2?66 C AT ORDER HD - 1, OPDER HD, OR ORLER HQ + 1, P E SP EC T I %ELY. U

276? E IN THE CASE OF FAILURE, PR3 = 1.E20 TO AVOID HH CRDER INCREASE.
2768 C THE SMALLEST OF THESE IS DETERMIHED AND THE HEU ORDER CHOSEN 4

o-
e.
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2769 C ACCORDINGLY. IF THE ORDER IS TO BE INCREASED, LE COMPUTE ONE
27?O C ADD ITIDHAL SE ALED DER IVATIVE.
2771C----------------------------------------------------------------------
2772 520 PR3 = 1.E+20
2773 IF (L .EO. L MHX1 GO TO 540

0.2774 Di =

2775 DO 530 I 1,H=

2776 538 D1 = D L + C CERROR C I) - Y( I, L MA X) ) /YMA X C I) ) **2
2777 EH03 = . 5 /FL O A T (L + 1 )
2778 PR3 = ( ( D 1/EUP) **EH03) * l . 4 + 1.4E-6
2779 540 EH02 = .5/FLOATIL)
2780 PR2 = ( C D /E) * *E H 02) * l . 2 + 1. 2E-6

l.E+202781 PRI =

2782 IF (HD .ED. l) GO TO 560
2783 D = 0.
2784 DO 550 I= 1,H
2785 550 D = D + ( Y C I, L ) /YMAX( I) ) **2

2786 EN01 . 5 /FLO AT( HO)=

( C D/EDH) **EH01) *l .3 + 1. 3E-62787 PRI =

2788 560 IF (PR2 .LE. PR3) GO TO 570
2789 IF (PR3 .LT. PRI) GO TO 590
2790 GO TO 580
2791 570 IF (PR2 . GT. PRI) GO TO 580
2792 NEUO = HD
2793 RH = 1./PR2
2794 C0 TO 620
2795 580 HELO = HD - t
2796 RH 1./PR1=

2797 GO TO 620
2798 590 HEUO = L

1./PR32?99 RH =

2800 IF (RH .LT. 1.1) GO TD G LO
1,H280L DO 600 I -

ERROR C I) *EL f L) /FLO ATCL)2802 600 Y C I . NELU +1) =

2803 GO TO 630
2004 Gle IDOUB = 10
2005 GO TO 700
2806 620 IF ( KFLAG .EO. B) .AMD. (RH .LT. l .1) ) GO TO 610
2807 C-----------------------------------------------------------------------
2008 C IF THERE IS A CHANGE OF ORDER, RESET HD, AND THE COEFF IC IENTS.u,

2809 C IN ANY CASE H IS RESET ACCORDING TO RH RHD THE Y ARRAY IS RESCALED.
2810 C THEN EXIT FRot1690 IF THE STEP UAS OK, OR RCDD THE STEP OTHERUISE.
2811 C-- ------------------------- --------------------------- --------------

2012 IF (HELO .EO. HO) GO TO 170
2813 630 HD = HEUO
2814 L = HD + 1
2015 IRET = 2
20l6 GO TO L30
2817C-----------------------------------------------------------------------
2810 C COHTROL PEACHES THIS SECTIDH IF 3 OR MORE FAILURES HAVE OCCURED.
2819 C IT IS ASSUMED THAT THE DERIVATIVES TFAT H AVE ACCUMUL ATED IN THE
2820 C Y APRAY HHVE ERPOPS OF THE UP0HG ORDER. HENCE THE F IRST
2021 C DEP!VATIVE IS PECOMPUTED, AH9 THE ORDER IS SET TO 1. THEN
2822 C H IS REDUCED BY A FACTOR OF [0, AHD THE STEP IS RETR IED .
2823 C AFTER A TOTAL OF 7 F A ILURES, AH EXIT IS TAKEN UITH KFL AG = -2.
2024 C------------------------------------------- ---- -------- -------------

2825 640 IF (KFLAG .EO. -7) GO TO 670
2826 RH = ,1
2827 RH = HMHX1 t HMIH/ ABS t H) , RH)

2828 H = H+RH
2829 CALL DYH2 IH. T. Y. SAVE1)
2830 NFE = NFE + l
2831 DO 650 I l.N=

2832 650 Yll,2) = H *S AVE l ( I )

2833 I UE VHL = MITER
?B34 IDOUB 10=

2835 IF tHO .EO. 1) GO TO 200
2836 HD = 1
2837 1 2=

2830 IRET = 3
2039 GO TO 130
2840 C--- -------------------------------------------------------------------
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2841 C ALL RETURHS ARE MADE THROUGH mtS SECTION. H IS SAVED IN HOLD
2842 C TO ALLOW THE CALLER TO CHANGE H OH THE HEXT STEP.
2843 C-------------------------------------- -------------------------- -

2844 660 KFL AG = -1
2045 GO TO 700
2846 G70 KFLAG = -2
2847 GO TO 700
2848 680 KFLAG = -3
2849 GO TO 700
2850 690 RMAX = 10.
2851 700 HOLD = H
2852 JSTART = HD
2053 PETURN
2854 C----------------------- END OF SUBROUTINE STIFF -----------------------
2855 END
2856 C
2857 C
2858 C
2859 SUBROUTINE PSET (Y, NB, COM, MITER, IER)
2860 C---------------------------------------------- ---------------------

2861 C THE FOLLOUING CARD IS FOR OPTIt1I2ED C0t1PILATIDH UNDER CHAT.
2862 OPTIMI2E
2863C-------------------------------------------------------------------
2864 D It1ENSIDH Y(HO,1)
2865 LCM (GEARG)
2866 C0t1t10H /CE AR l/ T, H, Dutt1Y(3), UROUND, H, IDUMtTr(3)
2867 C O Mt10H /GE AR2 / 'r71AX C 1)
2868 COMMON / GEAR 4/ S AVEl(l)
2869 C0t1t10H /GE AR5/ SAVE2(1)
2870 C0t1t10H /GE AR6/ PU(l)
2871 COMM0H /GE AR7/ IPIV(1)
2872 COMt10H /GE AR8/ EPSJ,NSQ
2873C------------------------------------------------------------------ -

2874 C PSET IS CALLED BY STIFF TO C0tFUTE AND PROCESS THE r14TRIX
2075 C P= I - H*EL(t)*J , UHERE J IS AM APPROXIt1ATIDH TO THE JACOBI AN.
2876 C J IS C0t1PUTED, EITHER BY TPE USER-SUPPLIED ROUTIHE PEDERV
2877 C IF t1[TEP = 1, OR BY FINITE DIFFERENCING IF MITER = 2.
2878 C J IS STORED IH PU AND REPLACED BY P. USING COM = -H+EL(1).
2879 C THEN P IS SUBJECTED TO LU DEC0tPOSIT!DH IN PREPARATI0H FOR
2080 C '.ATER SOLUlIDH OF LINEAR SYSTEMS UITH P AS COEFFICIENT t1ATRIE
2881 C
2882 C IN ADDITIDH TO VARI ABLES DESCRIBED PREVIOUSLY, C0t1MUN IC ATIDH
2003 C UITH PSET USES THE FOLLOUING.
2084 C EPSJ = SORT (UROUND), USED IN THE HUMERICAL JACODIAH INCREMENTS.
2885 C HSD = HO**2.
2086C-----------------------------------------------------------------------
2807 IF (t1[ TE R .EO. 2) GO TO 20
2888 C IF t1[TER 1, CALL PEDERV AND MULTIPLY BY SCALAR.--------------------=

2889 CALL PEDERV (H, T, Y, PU, HO)
2890 DD 10 I 1,HSO=

2891 18 PUCI) = PUCI)*COH
2892 GO TO 60
2893 C IF t1 ITER 2 MHKE H C ALLS TO D IFFUM TO APPROXIMATE J . ---------------=

2894 28 D = 0,
2095 DO 30 I 1,H=

2896 30 D = D + S AYE2 (I) **2
2897 RD = ABS (H)* SORT (D)*l.E03*UROUND
2898 31 =0
2099 DO 50 J = 1,H
2900 YJ = Y(J,1)
2901 2 = EPSJ+Yt1AX(J)
2902 R at1A X L ( R , R O)=

2903 Y(J.1) - Yi J .11 +R
2904 D = COH/R
2905 C ALL DYH2 til, T, Y S AVE 1)
2906 DO 40 I 1,H=

2907 40 PutI&Jt) (SAWl(I) - S AVE 2 ( I)) *D=

2900 Y(J,1) = YJ
2909 J1 31 + HD=

2910 58 CONTINUE
2911 C ADD I D E N T I T Y MA TR I X . - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -- - --- - - - -- - - - ---- - ,

2912 60 J= 1 ,

2913 DD 70 I 1,H=
,

.
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2914 PlJ C J J = PU(J) + 1.
2915 70 J = J + ( 110 + 1 )
2916 C DO LU DECOMPOSITICH OH P.----------------------------------------- - -

2917 CALL DEC (H. HD, P U, IPIV, IER)
2919 R E TURN
2 919 C ------ ----- ----- ------- E N D O F S U B R O U T I N E P S E T ----------------------
2920 END

2921 SUBROUTIME INTERP (TOUT, Y, NO, W)
2922 C
2923CC+----------------------------------------------------------------------+CC
2924 CC+ +CC
2925 CC+ LAURENCE LI'dRMORE L ABOR ATORY +CC
2926 CC+ HUMER IC AL MATHEMATICS GROUP -- MATHEMATIC AL SOFTWARE L IBRARY +CC
2927 CC+ +CC
2928CC+--------------------------------------------------------------------------+CC
2929 CC+ +CC
2930 CC+ CLASS ONE ROUTINE: INTERP +CC
2931 CC+ REVISIGH: 0 +CC
2932 CC+ DATE LAST CHANGED: 76-02-10 +CC
2933 CC+ RELEASE STATUS: UH L Il1[ TE D +CC
2934 CC+ +CC
2935 CC+ EACH CLASS OHE ROUTINE HAS BEEH THOROUGHLY TESTED BY NMG AHO MEETS +CC
2936 CC+ CERTAIH DOCUt1EHTATION AHD PROGPAMMItIG STANDARDS. +C C
2937 CC+ +CC
2938 CC+ AT LEAST OtlE CONSULTANT IS AVAILABLE TO AHSUER DUESTIGHS AND RESPOND +CC
2939 CC+ TO REPORTED ERRORS OR IHADEDUACIES IN A CLASS ONE POUTINE. +CC
2940 CC+ +CC
2941 CC+ + - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + +C C
2942 CC+ + H0TICE & +CC
2943 CC+ + + +CC
2944 CC+ + THIS REPORT UAS PREPAPED AS AN ACCOUNT OF UCRK SPONSORED BY THE + +CC
2945 CC+ + UNITED STATES GOVERNMENT. NEITHER THE UHITED STATES HOR THE + +CC
2946 CC+ + UNITED STATES FHERGY RESE ARCH AND DE'4LOPMENT ADt1INISTR ATICH, + +CL
2947 CC+ + HOR AtlY OF THE IR EMPLOYEES, NOR ANY OF THE IR CONTR ACTORS, SUB- + +CC
2948 CC + + CONTRACTORS, OR THEIR Et1PLOYEES. MAKES ANY UARRENTY, EXPRESS OR + +CC
2949 CC+ + IMPLIED, OR ASSUt1ES ANY LEGAL LI ABILITY OR RESP 0HSIBILITY FOR + +CC
2950 CC+ + ThE ACCUR ACY, COMPLETEHESS OR USEFULHESS OF ANY INFORMATION, + +CC
2951 CC+ + AP P A R A TU S , PRODUCT OR PROCESS DISCLOSED, OR REPRESENTS TH AT ITS + +C C
2952 CC+ + USE UOULD HOT INFR ItIGE PR IVATELY-OLIIED R IGHTS . + +CC
2953 CC+ + + +CC
2954 CC+ +------------------------------------------------------------------+ +CC
2955 CC+ +CC
2956 CC+ PLEASE REPORT ANY SUSPECTED ERRORS IN THIS ROUTINE I MME D I A TE L Y TO HMG . +CC
2957 CC+ +CC
2958 CC+--------------------------------------------------------------------------+CC
2959 C
2960 C
2961 C-------- --------------------------------------------------------------

2962 C THE FOLLOUIllG C APD IS FOR OPTIMIZED COMPILATIDH UNDER CHAT.
2963 OPTIMIZE
2964 C-----------------------------------------------------------------------
2965 COMM0H /GE AR 1/ T, H Dut1MYt 4) , H, IDUMMY C 2) , JSTAR T
2966 DIMEtlSIDH YO(H03,Y(HB,1)
2967 C-----------------------------------------------------------------------
2968 C SUBPOUTIHE INTERP COMPUTES IHTERPOLATED VALUES OF THE DEPENDENT
2969 C VAR I ABLE Y AtID STCRES THEM Ill YO. THE IllTE P P O L A T IG H IS TO THE
2970 C POIHT T = TOUT, AND USES THE HORDSIECK HISTORY ARRAY Y, AS FOLLOUS.
2971 C HD
29?2 C YOCI) SUM Y C I, J +1) *S **J=

29?3 C J=0
2974 C LUERE S = - [ T-TOU T) /H .
2975 C-----------------------------------------------------------------------
2976 DD 10 I 1, tl=

297? 10 YO(I) YCI,1)=

2978 L = JSTART + 1
29?9 S ( TOU T - T) /H=

2980 51 = 1.
2991 DO 30 J = 2,L
2982 S1 Sl*S=

, ,

2993 DO 20 I 1,H '=
,

2984 20 YO(I) = YO(I) + S 1 *Y C I, J)
2985 30 CONTIHUE
2986 PETURH

73



2987 C- ------ ----------- -- END OF SUBROUTIHE I N TE R P - -- -- --- -- - - --- - - -- -
2988 END

2989 SUBROUTINE COSET (METH, HQ, EL, TD, MAXDER)
2993 C
2991 C-----------------------------------------------------------------------
2992 C COSET IS COLLED BY THE INTEGR ATOR AND SETS COEFF ICIENTS USED THERE.
2993 C THE VE C TO R EL . OF L E N G TH H D + 1, DETERMINES THE B ASIC METHOD.
2994 C THE VECTOR TO, OF LENGTH 4, IS INVOL'AD IN ADJUSTING THE STEP SIZE
2995 C IN PELATIDH TO TRUNCA T10H ERROR. ITS VALUES ARE GI'4H BY THE
2996 C PERTST APRRY.
299? C THE VECTORS EL AND TO DEPEND ON METH AND HD.
2990 C COSET ALSO SETS MAXDER, THE tMIMUM ORDER OF THE METHOD AVAIL ABLE.
2999 C CU P P E N TL Y IT IS 12 FOR THE ADAMS METHODS AND 5 FOR THE B D F ME TH O D S .
3000 C LMuX = W. DER + 1 IS THE HUMBER OF COLUMIS IN THE Y ARR AY.
3001 C THE MAXIMUM ORDER USED MAY GE REDUCED SlMPLY BY DECREASING THE
3002 C NUM0ERS IN S THTEMENTS 1 HND/OR 2 RELOU.
3003 C
3004 C THE COEFFICIENTS IH PERTST HEED BE GIVEH TO DHLY ABOUT
3005 C CHE PE RCEN T ACCL'R ACY. THE ORDER IN UHICH THE GRCUPS APPE AR BELOU
3006 C 15. COEFFICIENTS FOR ORDER NO - 1, COEFFICIENTS FDP ORDER HD,
3007 C COEFFICIENTS FOR OPDER HQ + l. UITHIH EACH GROUP ARE THE
3000 C CCEFFICIENTS FOR TH E A D AMS ME TH O D S , FOLLOUED BY THOSE FOR THE
3009 C DDF METHODS.
3010 C------------------------------------------------- --------------- -----

3011 C
3012CC+-----------------------------------------------------------------------+CC
3013 CC+ +CC
3014 CC+ L AUREhCE L IVERMURE L ABOF ATORY +CC
3015 CC+ huME F I C AL MHTHEMATICS GPOUP -- t%THE M4 T I C AL SOFTUNPE LIBRAPY +CC
3016 CC+ +CC
3017 CC+------------------------------------------------------------------------+CC
3018 CC+ +CC
3019 CC+ CLASS CHE POUTINE: COSET +CC
3020 EC+ REVISIGH: 0 +CC
3021 CC+ DHTE L AST CH ANGED : 76-02-10 +CC
3022 CC+ PELEASE STATUS: UNLIMITED +CC
3023 CC+ +CC
3024 CC+ EACH CLASS ONE ROUTINE HAS BEEN THOROUCHLY TESTED GY HMG AND MEETS +CC
3025 CC+ CERTAIN DOCUMENTATION AND PPOSP AMMING STAND ARDS. +CC
30?6 CC+ +CC
302,' CC+ AT LERST ONE CONSULTANT IS HVAILABLE TO AhSUCP OUESTIONS AND CESPCHD +CC
3020 E C + TO PEPDPTED EPPORS OR IH4DEQUACIES IN u CLASS CNF F U U T' I N E . +CC
:| 0 2 9 v C + +CC
3010 CC+ + - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + +CC
3011 CC+ + H 0i ICE + +CC
3032 CC+ + + +CC
3UU CC+ + THIS PEPORT WAS PPEP ARFD AS AN AECOUNT OF MORK S W CPED BY THE + +CC
3D34 CC+ + UN I TED S TATES GOVE PNMEN T. NEITHEF THE UNI'iED STATES NDP THE +CC+

3035 FC+ + UNITED STATES ENEPGY FESEARCH 9% DEVELCPit hT HM1:MISTF4TICH. + +CC
;m 3 6 C L + + h0V HNY CF THE ! P EMPLOYEES. HOR nhY OF THE IR C OH T PhC TEDS. SUS- + +CC
Ml? CC+ * C 0h T PnC TCR 5 OR THE IR EMPLO FEES. MM E S W W (M P P E H TY. E'3 PEES OR + +CC
3030 LC+ + ini> L I E D . CR ASSUt'ES aNY LEGWL LIABILITY OR RESPCNS IB IL ITY F OR +CC+

3034 (C+ * THF ACCUNCY. CDMPLE TEhESS OR USEFULNESS OF ANY IhF0FATICH. +CC+

E40 tr+ + HDPURhTJ5. FF0 DUCT OP PPOCESS DISCLDSED. OR PE PP E SE N TS THAT ITS + +CC
Mal iF4 + UGE L'0ULD HDT INFPIUSE PRIVATEL1-0MM D PIGHTS. +CC+

E 1? EC+ + + +CC
3045 CC+ + - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + +CC
3044 ti + +CC
3045 LC+ PLE95E FFROD T M / SUSPEC FED EPPCPS IN TH IS CCU T INE I MME D I n TE L Y TO H i "; , +CC

Judti CE+ EXI. 3049 332; 04 3200. +CC
3 tl d ? d +CC
.; gag [[4___________._..____________________________________________________________+[[
7U49 C
4050 D IME N S I C H PEPTGil12.2.31.ELt13),TDrd)

1. 1. 2.,!. .3190,.07407 .01371,.002102,m5i DATA iEPT5T -

MV 1 .0002945. 00003492. 0000R369?. 0000PD3524.
.1. .5. 1667 .U4167.1. 1.,1.,1. 1. 1..i.,3051 ' '

1054 3 c 12 24. 37.01 53.33.70.00,97.9',106.9.

3W 4 126.7,14? + .16 0 . 6.191. 0.

3U5L 5 2.0.4.5,7.333.1u.42,13 ' 1. 1.,l. 1..!.,i. 1.,

305, r, l2.0,24.0.3?.09.53,33.7:1.08.07 97.106.9.

3050 ? I?6.7.14? 4, I M . 8,191. 0.1. ,
"W, 9 3.0.S.O.9.167.12.5.1. 1. 1.,l.,1. 1. 1. 1. /

,

5s
'kg '
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3060 C
3061 GO TO ( 1,2 ) , ME TH
3062 1 MAXDER 12=

30G3 GO TD (101,102,103.104.105,116.107,108.199,110,111,il21,HQ
3054 2 MAXDER 5=

3065 GO TO (201,202.203,204,205),HO
3066 C------ ----- ------------- --------------- -- -------------------------

3067 C THE FOLLOUING COEFFICIENTS 5HOULD BE DEFIHED TO MACHINE ACCURACY.
3060 C FOR A GIVEN ORDER HD, THEY CAN BE CALCUL ATED BY USE OF THE
3069 C GEHER AT1HG POLNHOMI AL L(T), LHOSE COEFF IC IENTS ARE EL L I) .

EL(1) + EL(2)*T + & EL(H0+1)*T*+HO.3070 C L(T) =

307L C FOR THE IMPL IC IT ADAMS tETHODS, L C T) IS GINEH DY
0,3072 C DL/DT = ( T+1) * t T+2 ) * + t T+HO - 11/K , L(-1) =

3073 C LNERE K = FACTORIAllHD-1).
3074 C FOR THE BDF ME THO D S ,

iT+1)+(T+2)+ + ( T+H O ) /K ,3075 C L(Ti =

3076 C LHERE K = FACTORIAL (NO)*ll + 1/2 + + 1/ND).
3U77 C
3070 C THE ORDER IN LHICH THE GROUPS APPEAR BELOU IS.
3079 C IMPL ICIT ADAMS METHODS OF ORDERS I TO 12,
3080 C BDF METHODS OF ORDERS 1 TO 5.
3081 C--------------------------------------------------------------- --

3082 101 EL(1) 1.0=

3083 GO TO 900
3084 LO2 ELC1) = 0.5
3085 EL(3) = 0.5
3036 GO TO 900
300? 103 EL(1) = 4.1666666666667E-01
3036 EL(3) = 0.75

1.6666666666667E-013089 EL(4) =

3090 GO TO 900
3091 104 EL(l> = 0.375
3092 EL(3) = 9.l666666666667E-01
3093 EL(4) = 3.3333333333333E-01

4.1666666666667E-023094 EL(Si =

3095 r,0 TO 90n

3.4361111111111E-013096 105 E L ( 13 =

1.C4166666666673097 EL(3) =

4 8611111111111E-013090 EL(41 =

L . 04166 b6 66666 7E-013099 ELCS) =

E.3333333333333E-033100 EL(61 =

3101 GO TO 900
3.2986111111111E-013102 106 EL(1) =

1.14166666666C73103 EL(31 =

0.6253l04 EL(41 =

l.7?08333333333E-013105 EL(Si =

0.0253106 ELt61 =

1.3868808888889E-03310? EL(7) =

310B GO TO 900
3.1559193121693E-0:3109 10? CLft) =

1.2253110 EL(3) =

7.5105tB5185185E-013111 EL(41 =

2.5520833333333E-013l12 EL(5) =

4.86tt111111111E-023113 EL(61 =

4.0611!11!11111E-033114 EL(71 =

1.9841269841270E-043115 EL(91 =

3116 GO TO 900
3.04224537037CwE-01311? 109 EL(1) =

l.2964285?142863110 EL(3) =

0.605LE51851652E-013119 ELtal =

3.35763aBBBGB09E-013120 EL(5) =

3121 EL(6) 7 ?7?77777?777BE-02
1.064814814Gl48E-023122 EL(7) =

7 93G5079365079E-043t23 EL(0: -

2.d801587301507E-053124 EL(9) =

3125 GO TU 900
2.4406E00044092E-011126 189 EL(1) =

1.35892857t42863127 FL(3) =

9.7655423280423C-013128 EL(4) = ,

0.4171875 33129 ELr5) =

1.1135416666667E-013130 EL(6) =

0.018753131 EL(?) =

1.934523E095238E-033132 EL(8) =

1.1160?14205714E-043133 EL(95 =
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3134 EL(10)= 2.7557319223986E-06
3135 GO TO 900
313G 110 ELC1) 2.8697544642857E-01=

3137 EL(3) 1.4144841269841=

3138 EL(4) 1.0772156084656=

3139 EL(5) 4.9856701940035E-01=

3l40 EL(6) 0.1484375=

3141 EL(7) 2.9060570987654E-02=

3142 EL(B) 3.7202380952381E-03=

3143 EL(9) 2. 9968504656085E-04=

3t44 EL(10)= 1.3778659611993E-05
3145 EL(11)= 2.7557319223986E-07
3146 GO TO 900
3147 111 ELC1) 2.8018959644394E-01=

3140 EL(3) 1.4644841269841=

3149 EL(4) 1.1715145502646=

3150 EL(5) 5.7935819003527E-01=

3151 EL(6) 1.8832286155203E-01=

3152 EL(7) 4.1430362654321E-02=

3153 EL(8) 6.2tt1441798942E-03=

3154 EL(9) 6.2520667989418E-04=

3155 EL(la)= 4.0417401528513E-05
3156 EL(11)= l.5156525573192E-06
3157 EL(12)= 2.5052108385442E-08
3150 GO TO 900
3159 112 EL(t) 2. 7426554003160 E-01=

3160 EL(3) 1.5099386724387=

316l EL(4) 1.2602711640212=

3162 ELIS) 6.592341820907?E-01=

3163 EL(6) 2.3045800264550E-01=

3164 EL(7) 5.5697246l05232E-02=

3165 EL(B) 9.4394841269841E-03=

3166 EL(9) 1.1192749669312E-03=

3167 EL(10)= 9.0939153439153E-05
3168 EL(ll)= 4.8225308641975E-06
3169 EL(12)= 1.5031265031265E-07
3170 EL(131= 2.0876756987868E-09
3171 CD TO 900
3172 201 EL(1) 1.0=

3173 GO TO 900
3174 202 EL(1) 6.6666666666667E-01=

3.3333333333333E-013175 EL(3) =

3176 GO TO 900
3t?7 203 EL(1) 5.4545454545455E-OL=

3178 EL(3) EL(1)=

3179 EL(4) 9.0909090909091E-02=

3180 GO TO 900
3101 234 EL(1) 0.48=

3182 EL(3) 0.7=

3183 EL(4) 0.2=

3184 EL(5) 0.02=

3185 GO TO 900
3186 205 EL(1) 4.3795620437956E-01=

3187 EL(3) 8.2116788321168E-OL=

3188 EL(4) 3.10218978102l9E-01=

3189 EL(5) 5.4744525547445E-02=

3190 EL(6) 3.6496350364964E-03=

3191 C
3192 900 DO 910 K = 1,3
3193 910 TO(K) = PERTST(HO,METH,K)
3174 TO(4) .5 *TO (2) /FL OAT (H0 +2)=

3195 RE TURH
3196 C----------------------- END OF SUBROUTINE COSET --- - - - - - -

3197 EMD
319B SU9 ROUTINE DEC (H, HDIM, A, IP, IER)
3199 C-------- -------------------------- ------ --- ------- -

3200 C THE FOLLOUING CARD 15 FOR OPTIMIZED COMPILATIDH UNDER CHAT.
320L OPTIMIZE
3202C----------------------------------- ----- - ------ -- --

3203 LCM (A)
3204 [HTEGER H, HDIM, IP(H), IER -

''

3205 REAL A(HDIM,H)
cx3206 C-------------------------------------------- s------------- -

7
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3207 C MATRIX TRI ANGUL AR!2ATIDH BY GAUSS ELIr1INATIDH UITH PARTI AL PIVOTING.
320B C INPUT.
3209 C H ORDER OF t1 ATRIX,=

3210 C NDIM = DECL ARED FIRST DIt1EH9IDH OF ARRAY A.
3211 C A h1TR IX TO BE TR I AHGUL AR I2ED.=

3212 C DU TP U T .
3213 C HiI,J), I .LE.J = UPPER TR I ANGUL AR FACTOR, 12
3214 C Al!.J). I . GT. J = MULTIPL IERS - LOUER TR I ANGU'. AR F ACTOR, I-L.
3215 C IPiK), K . L T.H INDEX OF K-TH PIVOT ROU.-

3216 C IER 0 IF MHTPIX A IS HONSINGULAR, OR K IF FOUND TO BE=

3217 C 3INGULAP AT STAGE K.
3218 C POU INTEPCH ANCES ARE F INISHED IN U, ONLY PARTLY IN L.
3219 C USE SQL TO CBTAIN SOLUTIDH OF L INE AR S'i3 TEM.
3220 C IF IER .NE. O. A IS SIhGULAR. SOL UILL DIVIDE BY 2ERO.
3221 E---------- -------------------------------------- ---------------------

3222 C
3223CC+-------------------------------------------------------------------------+CC
3224 CC+ +CC
3225 CC+ LAUPENCE LIVERMORE L ABORATORY +CC
3226 CC+ NUMERIC AL MATHEMATICS GPOUP -- MATHEMATIC AL SOFTUARE LIBRARY +CC
3227 CC+ +CC
3228CC+---------------------------------------------------------------------+CC
3229 CC+ +CC
3230 CC+ CLASS ONE POUTINE: DEC +CC
3231 CC+ PEVISIDH: I +CC
3232 CC+ D ATE L AST CH ANGED: 76-ll-15 +CC
3233 CC+ RELE ASE STATUS: U N L IM I TE D +CC
323d CC+ +CC
3235 CC+ EACH CLASS ONE ROUTINE HAS BEEN THOPOUGHLY TESTED BY HMG AND MEETS +CC
3236 CC+ CERTAIN DO C U ME N TA T I ON AND PROGP AMMING STANDARDS. +CC
3237 CC+ +CC
3238 CC+ AT LE AST ONE CONSULTANT IS AVAIL ABLE TO AHSUER DUESTIONS AND RESP 0HD 4CC
3229 CC+ TO PEPCPTED ERPOPS OR INADEGUACLES [N A CLASS ONE ROUTINE. +CC
3240 EC+ +CC
3241 CC+ + - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + +CC
3242 CC+ + H0T ICE + +CC
3243 CC+ + + +CC
3244 CC+ + THIS RE'30RT UAS PPEP ARED AS AN ACCOUNT OF UCRK SPONSORED BY THE +CC*

UNITED STATES GOVEPNMENT. N E I THE R THE UNITED STATES HOR THE + +CC3245 CC+ +

3246 CC+ + UNITED STATES ENEPGY PESENFCH AND DE'dLOPr?ENT ADMINISTRATION, + +CC
324? CC+ + NOR ANY OF fHEIR EPPLOYEES. NOR ANY OF THEIR CONTRACTORS, SUB- + +CC
3248 CC + + CON TP AC TOPS, OR THEIR E MP L O YE E S , MAKES ANY UAPRENTY, EXPPESS OR + +C C
3249 CC+ I t *P L I E D . OR ASSUMES ANY LEGAL LI ABILITY CP PESPONSIBILITY FOR + +CC+

3250 CC+ + THE ACCUPACY, COMPLETENESS OR USEFULNESS OF ANY ! HF O R M:iT I ON , + +CC
3251 CC4 + APPAPWTUS, PFDDUCT OR PPOCESS DISCLOSED, OR REPRESENTS THAT ITS + +CC
3252 CC+ + USE UOULD NOT INFR INGE PR IVA TELY-00NED R IGHTS . + +CC
3253 CC+ + + +CC

254 CC+ +------------------------------------------------------------------+ +C C
3255 CC& +CC
3256 CC+ PLEASE REPORT WW SUSPECTED ERPORS IN THIS ROUTPIE IMMED I ATE LY TO NMG . +CC
3257 CC+ +CC
3258CC+-------------------------------------------------------------------------+CC
3259 C
3260 IER 0=

326l IF (N .EO. l) GD TO 70
3262 NMI =N - 1
3263 DO 60 K 1,HM1=

3264 KPl =K +1
3265 C FIND THE PIVOT IN COLUMN K. SE ARCH ROUS K TO H. --------------------

3266 M=V
3267 00 10 I = KPI.N
3268 10 IF iABSf4tl,K)? .GT. ABSCAfM,K))) M= I
3269 IP(K1 t1=

3270 C INTERCH ANGE ELEMENTS IN ROUS K AND M. -------- ----------------------

3271 T = A I M. K )
3272 IF (M .EO. K) GO TO 20
32?3 AfM.K) = A(K,K)

T32?4 A(K.K) =

3275 20 IF t.1 .ED. B.) 30 TO B0
3276 C STOPE MULTIPLIERS TH A(I,K), I = K +l, ,N. - - - - - - - - - - - - - - - - - - - - - - - -

3277 T= 1./T
32?B DO 30 I = KP1,H

y }f I

,' i , ']-AlI,K)*T3279 30 AfI.K1 -
i
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.. .. . . . _ . . _ _ . . . . _ _ _ _ _ _ _ _ _

3280 C APPLY MULT IPL IERS TO OTHER C OLUMHS OF A . ------------------- ---

3281 DO 50 J = KP1,H
3282 T = A(M, J)

3283 A(M.J) = A(K,J)
T3284 A(K J) =

3285 IF (T .EO. 0.) GO TD 50
3286 DO 40 I = KP L,H
3287 40 Aft,J) = ACI,J) + A ( I, K) *T

3288 50 COHT! HUE
3289 6a CONT! HUE
3290 70 K=H
3291 IF (ACH,H) .EO. 0.) GO TD 80
3292 RETURN
3293 30 IER'= K
3294 RETURH
3 2 9 5 ----------------------- E N D O F S U B R O U T I N E D E C -------------- --

3296 END

3297 SUBROUTIHE SQL (N, NDIM, A, 8, IP)
329E C---------------------------------------------------------------------
3299 C THE FOLLOUING CARD IS FOR OPTIMIZED COMPILATIDH UNDER CHAT.
3303 OPTIMIEE
33El C--------- ------------------------------------------------------- -----

3302 LCM t41
3303 IHTEGER H, HD Itt IP(N1
3304 PEAL AtHDIM.H), B(H)
3305 C------- - ------- ----------------------------------------------------

3306 C SOLUTIDH OF LINEAR SYSTEM A*X = 8 USING OUTPUT OF DEC.
330? C IMPUT.
3300 C 11 = ORDER OF MATR IX,
3309 C hDIM = DECLHRED FIRST DIMENSIGH OF ARRAY A.

TR I ANGUL AR IZED 11ATR IX 08TA INED FROM DEC.33LO C A =

3311 C 8 = PIGHT HAND SIDE VECTOR.
3312 C IP = PIVOT ItlFORMATIDH '4CTOR OBTAINED FROM DEC.
33L3 C DO NOT USE IF DEC HAS SET IER .NE. O.
3314 C OUTPUT.
3315 C B = SOLUTIDH VECTOR. X ;

3316 C---------- ----------------- ------------------------------------------

3317 IF th .EC. 1) GO TO 50
3310 lit 11 =H - 1
33l9 C APPLY ROU PERMUTATIONS ARID MULTIPLIERS TO 8. ------------------ -----

3320 DO 20 K 1,HMl=

3321 KP1 =K + 1
3322 M= IPfKI
3323 T = RiMi
3324 OfMi BIK1=

T3325 8tEi =

3326 DD 10 I = KPL,H
3327 10 BtIn = 81Il + A(I,K)+T
3328 20 CONTINUE
3329 C BACK SOLVE. -------------------- ------------------------------------

3330 DO 40 V8 = 1,tHit
H - K83331 Kill =

3332 K till + 1
O lF ) /A I K, n3333 8tEl =

3334 T= -0IKI
1. F M t3335 DO 30 I =

4(I .K) *TE36 30 Dill - Brin +
333? C C CH T IliUE
333R 50 0(!) Di!i mi1,1)=

3339 R E TU P ti
;.; 3 40 E - - - - - - - - - - - - - - - - - - - - - - E N D O F 5UBROUTINE SQL -------- ----------------

3341 END
3342 SUBPOUTINE T'rPE3
3343 C
3344 C SUOROUTIHE PIPE
3345 C
3346 C THIS MODULE PEPPESENTS A FI>ED OR VARI ABLE TIME DELHY
334? E
i340 . EQU IPMENT P AR AMETEPS

t[' s3344 L 1 - TLHG - LEtiGTH OF TIMC DELAY,IF TIME DELAY IS FIXED
3350 C - HEGATI'd 0F VOLUME OF DELHYING EGUIPMENT OR PIPELINE,
3351 L IF TIME DELhY 15 VARIs5LE R
3352 C 2 - DYP - F R AC TI0tt OF TFE AM HOT DELHWD, I .E . .BYP ASSED

.
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3353 C 3 - HV - Hut 1BER OF STORAGE SPACES USED IN DELAY VECTOR
3354 C 4 - FLAG - FLAG.GT.0:00TPUT FLOW CCHTROL (PUt1P1
3355 C FL AG.EO.0 :NORi1AL DEL AY
3356 C
-3357 C011 MON /UN IT/ It1, Hf1P
3358 C0t1!10H /t14T/ t1P ( 35,13) , EP ( 35,10) ,5 (2,45,13) , EX(50)
3359 COMMOH /COH/ HC0t1P,NCS
'360 C011f10H /GERR/ JSTART, IMETH, tit 1E,H,HH,HIHC, EPS T, IHTFL
3361 C OM110H /IO/ HIM,HOUT, HERR.HPOIHT
3362 INTEGER OUT
3363 DIMENSI0li MC(41. SX(50,1,ll)
3354 DATA MC/4*l/,IFIRST/0/,HD/1/
3365 C
3366 C TRACE OPTIDH
3367 IF ( E P i ll1,10 ) . G T. O . 0 ) URITE (NOUT,210) It1
3368 C
3369 IF (IHTFL.EO.l) GO TO 2
33?O RETURH
3371 2 COMTINUC
3372 IH =11P t IM. 3)
33?3 OUT=-t1P t Itl,4)

3374 IF ( EP ( It1.1 ) . L T. O . 0 ) GO TO 10
3375 C
33?6 C F IXED TIi1E DEL AY
33?? TL AG = E P ( I t1.11
33?O GO TO 20
3379 C
3380 C VAR I ABLE tit 1E DELAY
3381 10 C0'iTil4UE
3302 TLM =-E P ( Ill. l) / (S ( 1, IH ,311
3383 20 COH T mSC
3304 BYP = EP t I t1. 2 )
3385 HV= E P f Itl,31
33P6 C
3387 C FL AG = l,0UTPUT FLOU '.0HTROL ,8 , NORMAL
3388 IF ( E P ( I M. 41. G T. O . 6 ) S(1,IM.3)=S(1,0UT,3)
3389 C
3390 C SET UP THE SX MAT 7IX OH THE FIRST PREDICTOR STEP
3391 C FOR ALL SUBSEQUENT PPEDICTOR STEPS SKIP THE DELAY
3392 [F (IFIRST.NE.0) GO TO 50
3393 SX( t ,IID.1 ) =0. 0

3394 SX(1 flD.2)=0.0
3395 C
3396 C PUT IllPUT VALUES IH FIRST VECTOR OF SX r1 ATRIX
3397 DO 40 K=3.HC5
3399 SX(1 HD.K1=St1,IH.K)
3399 C
3400 C PUT GUTPUT STPEAM VALUES IN THE REMAltilHG W2 TORS
3401 DO 30 !=2,HV

3402 SXfI.ND.K1=Srt,0UT K)
3403 C
3404 C F I' L T Il1E VE C TO R ItlITIALLY UITH -1.0 VALUES
3405 SX(I.llD,11=-1.0
3406 SX(I,flD.21=-1.0
3407 30 COH T Il4UE
3408 40 C0tlTIHUE
3409 IFIRST=1
3410 C RETUPfl IF PREDICTOR STEP
3411 R E TU P N

3412 50 11C f HD i =t1C t flD ) + l
3413 C
3414 C IHEREf1EllT TIME VALUES AS TIME INCREASES
3415 t1D = MC t H D I

3416 [F ( 11D . G T . HV) t1D = H V
341? C
3418 C STORE A LDPY OF TIl1E VECTOR FOR FUTURE WEPEATS
3419 DO 80 !=2 HV
342U SX( I . TID . 2 i = SXt I , TID ,11
34?1 00 C0tlTIllUE
3422 90 IF (MD.EO.2) GO TO 100
3423 SX(11D . HD .1 ) =SXt MD- 1, TID ,11 +H
3424 11D - 11D - 1

3425 GO TO 90
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3426 10B SX(2.HC,1)=HH
342? C
3420 C SHIFT HLL VALUES ONE STOPAGE STARTING UITH THE OLDEST
3429 DO 120 K-3.HC5
343D DD 110 I = 2,IIV

3431 L=HV-I+2
3432 C.ol.HD.K1=SM L-1,HD,K)
3433 110 C0llTINUE
3434 120 CONTINUE
3435 C
343G C TR 4tlS F E R IUPUT val ''ES TO 1ST DELAY VECTOR
34u 130 DD 140 K=3,HC5
34311 SXt1.HD,K)=S(1,IH,K)
3439 140 COHTINUE
3440 C
3441 C COMPHRE STORED TIME VALUES UITH TIME LAG
3442 00 150 I 2.NV
3443 IF t SX( I . HD,11 -TL AG) 150.160,190
3444 150 COH i IlluE
3445 C
344G C IF N0HE IS GRE ATER thall T1. AG, EXIT THE LAST VALUE
3447 !=HV
3440 IF (SX flIV. HD,1) .ED . -l . ) GO TO 160

3449 IJP I TE (ll0UT,220) It1

3450 STOP
3451 C
345? C IF TIME VALUE EDUALS TLAG. EXIT CORRESPONDING VALUES
3453 160 DO 170 K=3.HC5
3454 S i 1,0U T,l: 1 =SXI I HD, K) * ( 1. -BYP) +(5 f 1, IH . K) * BW)

3455 170 CONTINUE
3456 PETUPN
3457 C
3450 C IF SX(II.GT.TLAG, CHECK IF SX(t-1).GT.TLAG
3459 C IF SO SET THE TIME AT SXfI' TO ~1.
3460 100 SX(I.HD.Ii=-1.
3461 !=I-1
3462 198 L=I-l
3463 C
3464 L KEEP TESTING UNTIL ONLY ONE IS LEFT
3465 IF (SX f L, HD,1) .GE. TL AG) GO TO 180

3466 C
3467 C INTERPOL ATE FOR E'<IT VALUE
3468 A=TLHG-SXCL,HD,1)

3469 B = SX( I, H D,1) -SX C L, H D,1)
3470 DO 200 K-3,HC5
3471 U=SX(L,HD K)+f A*CSXC I,HD,K)-SXCL,HD,K)) M)
3472 S C L ,0U T, K ) = ( L . -BW) *U + (BYP *S ( 1, IH, K) )
3473 200 CUHTINUE
3474 IF (EPtIM,10).GT.O.0) IJR ITE Ch0UT,230)
3475 RETURH
3476 C
3477 C
34?8 210 FORMAT ( 14H ENTER ING DLAY,13)
3479 228 FOPMAT (20H ERROR IN TIME DELAY,/,29H HV t1JST BE INCRdASED IH ttDU
3480 1.2HLE,I3)

3481 230 FORMAT (19H LEAVING TIME DELAY)
3482 END
3483 SUBROUTINE TYPES
3484 C SUBROUTINE EXTRTR
3485 C
3486 C PLUT0HIUM-UR AMIUM SEP ARATI0H AND CD-EXTRACTION
3487 : THE t1AIN PROGPAM CONSISTS OF IHITIALIZATIGH FUNCTIGHS
34JB : GENERAL t1ATERI AL BALANCES. REACTIDH t10DELS, DISTRIBUTICH
3489 : C O E FF I C IE N TS, VAR I ABLE HOLDUP 5, AND CONTROL ALGOR ITHMS
3490 : ARE IJR ITTEH IN SUBROUTIHES.
3491 '
3492 THE ORGsHIC SOLVENT IS ASSUt1ED TO BE PURE HYDROCARBGH UITH
3493 TBP OF FR ACTI0tl XTBP
3494 1
3495 u THE AQUEDUS SOLUTIDH AND FEED STREAMS MAY COHTAIM ALL Cat 1PDHENTS
3496 C THE ORGENIC FEED STREAM t1AY CONTA N PUCIV). U CXI) . AND HH02

"3497 C
3490 C THE PROGRAt1 IS DIMENSIDHED FOR A ttWIMUt10F 20 STAGES <'

,
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3499 C
3500 C u tt10 H /1. A Ri v S TD , P P C H T, E t1C , E MS TD , E MP R C T, I t1C

35. COMMON /UllIT/ IM,HMP
3502 C0tt0H / MAT / t1P ( 35,13) , E P ( 35.10 ) , S f 2,45,13) , E X(50)
3503 Cort 0H /GERR/ JSTART. IME TH. TIFE. HELL HH, H INC. EPS, T, INTFL
3504 COMM0H EXTL/ L. TOR , TPO. LR 1,0RF ,0R2, N8, HF , VOL , AD,0R
3505 COMMON / EXT 2/ K L , K2,K3, K4. K5

3506 DIMENSIGH E0 AP ' 21) , FO AU (21) , EH2 (21) , P40 f 21) , P4A l21) , P4AF C 21)
3507 3, P 3 A t 21 ) , U A (21) , U AF ( 21) , H C 21) , HF ( 21) , H03 (21) , NO3F ( 21) , HH02F C 21)
3500 3, HH02 t 2 t l . HH (21) , HHF (21) , H2 (21) , HZF (21) . F IS (21) . HU (211. ENP ( 21) ,
3509 , EHU ( 21) ENH2 (2 t l , ENH3 (21) , Et1P (21) , Ct1U l 21) , EtP2 (21) , EMH3 (21) , RH (21)
3510 3, UO f 21) , P34F ( 21), EH3 (21) , DC f 21) ,HH020 (21), PUORG(21) , PUD (21)
3511 DIMENSIGH AP(21),0P(21),DDTOR(21),DDTA0l2L),DDTHUt21)
3512 PE AL M I , K 2, K3, K4, K5, KH, KP KU, IS, tl035, H03 I, IH TERR
3513 REAL NO3.Il03F H030(21)
3514 INTEGER A0 !H,0R IN,900UT,0RCUT
3515 IF ( I H TF L . E D .11 GO TO 2
3516 PETURN
3517 2 CONTIHUE
35l8 C
3519 C IDENTIFICATICH OF STREAt1 HUMBERS
3520 C
3521 IFEEDO= I ARS(t1P C IM 3))
3522 IFEED A = I ABS (t1P ( IM,81 )
3523 A0 !H = I ABS t rP ( It1,5) )
3524 ORIH-IABStMP(IM.713
3525 400UT=IABS(MPflM,61)
3526 OPOU T= I ABS ( MP ( It1,41 )
352? C
3528 C
3529 C IDENTIF ICATI0H OF E')UIPMENT PARAMETERS
3530 C
3531 L = E P f t t1. 2 )
3532 HF=EPtIM.3)
3533 ttL=EP(IM,4)

3534 TAD = E P t. I M. 5)
3535 XTB P = EP ( I'1. 6 ')
3536 TOR = TAD
3537 C
3530 C IHITIHLIZATIDH
3539 C
3540 M=L+1
354L tlB = HF + 1
3542 N7=HF-1
3543 P4A f Mi =S ( 1, AD IN,7) /239.0

3544 P3 A lt1) =S ( 1,40 !N 13) /239.0

3545 UACM1=S(1,90!H,6)/238.0
3546 H2(Ml=Sfi,4CIH,10)
3547 HH02fMl=S(1,40!H,ll)
3548 H03 (t1) =S ( 1, AD :N,8)
3549 H ( t1) = H0 3 (11)
3550 A0l=S(1,ADIH,3)'60.0
3551 HH(M)=Srl ADIN,a2)
3552 ORl=S(1.JRIN,3) 60.0
3553 P402=Sr. I F E E D P . 7 ) /239. 0
355J UOZ=Stl,IFEEDO.6)/238.0
J555 HH022=S(1,IFEEDO,L1)
3556 NO32=Srl,IFEEDO.8)
3557 ORF=Sft IFEEDO,3)/60.0
3550 P442=S(l [FEFfA,7)/239.0
3559 UAZ-S(1,IFEEDA,6)/238.3
3560 NO342=Sr1.IFEEDA,0)
3561 H242=S(1,[FEEDA 10)
3562 HH02AZ=S(l.[FEEDA,ll)
3563 HHAZ=Sil,[FEEDA.12)
3564 P3AZ=Sft,IFEEDA. 13)/239.0
3565 ADF=S(1,[FEEDA.31/60.0
3566 IF (T.GT.HH) GO TO 101
3567 PUBAL=0.0
3560 C
3569 C DEFINE PEACTiOH P ATE CONSTANTS FOR CHEMICAL PEACTLCHS
35 'O C
35?l Kl=0.0235
3572 K2=0.68966
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3573 K3-0.0693
3574 K4=1.5
3575 K5=0.234
3576 C
3577 C
3579 C PEAD IH IHITI AL VALUES OF CONCENTRATIDH PROFILE, DISTRIBUTIDH
3579 C
3580 DD 100 [=1,L
3501 P44(I)=0.0001
3582 P34t!)=0.0001
3503 U A ' !) a 0. 0001
3504 Hf!)=0.0001
3585 H03(Il=0.0001
3506 HH02(I)=0.0001
3507 HH(I)=0.0001
3580 HZ(Il=0.0001
3589 EDAPill=0.0001
3530 E04U(I)=0.000L
3591 EH3(!)=0.0001
3592 EH2(Il=0.0001
3593 10B CONTINUE
3594 OR2=0RF+0RL
3595 A02-40l+ADF
3596 INTERR=0.0
3597 ADF;2 = 4 01
3590 ADFB=0.0
3599 ERRPT=0.0
3600 C
3691 C IHITI ALIZE PSEUDO FLOU RATES
3602 C
3603 DD 5 !=1,N7
3604 AJ(I)=A02
3605 OP(I) =0P L
3606 5 DDTOR(I)=0.0
3607 DO 10 I=HB.L
3608 APCIl=A01
3609 10 GPft)=0R2
36l0 APfHF)=A02
3611 OP(HF)=0R2
3612 C
3613 C IHITI ALIZE EHD COHDITIDHS
3614 C
3615 AP(M)=AOL
3616 DDTA0(Hs=0.0
3617 DDTOPF=0.0
3610 C
3619 C INITI ALI2E ORGANIC FLOU RATES AND HOLDUPS
3620 C
3621 DD 120 I-1,L
3622 OR=0R2
3623 IFCI.LT.HF) OR=0RI
3624 AD=A02
3625 IF(I.GT.NF) A0=A01
3626 HU ( I i =VO L /( 1 +0R /AD)
3927 P40 ( I) = E0 AP C I) *P4A C I)
3628 DDTHU(I)=0.0
3629 120 CONTINUE
3630 101 COHTINUE
3631 C
363? C OVERALL PU BAL ANCE
3633 C
3634 P U B A L = P U B AL +1. 0- ( A02 * (P4A ( 1) +P3 A ( 1) +0R2 *P4A (L) *ED AP (L) ) /
3635 1 (OR F +P402 + A0F* t P4A2 +P3 A2) ) )
3636 EP C IM.1 ) = PUD AL * (O RF*P402 +00F* (P4AZ +P3 A2) ) *239. 0
3637 C
3638 C CALL SU8 POUT!HE FOR DISTRIBUTIDH CCEFFICIENTS
3639 C
3640 C ALL D IS TR I (P44, P3 A, HH, H,riO3, HH02, H2, U A . F IS, ED AU, ED AP, EH3, EH2
3641 1,XTBP)
3642 C
3643 C CALL SUBROUTIHE FOR HOLDUPS AND FLOU PARAMETERS
3644 C ic

3645 C ALL HOLDUP (OP, AP, ED AP,ED AU, EH2,EH3, DDTOR. DDTAD,HU, RM, EMP,ENU, (d
3646 I E H H 2, E H H 3, E t 1P , E MU , E MH 2, E MH 3, D D E U , H 7, D D TO R F ) *
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3647 C
3640 C MATEPI AL DALANCE CALCULATIDHS FOR EIGHT COMP 0 HEN fS
3649 C
3650 DO 300 I-1,L
3651 OR=0R2
3652 I F f. I . L T . H F ) OR=0R1
3653 AD=AC2
3654 IF(I.GT.HF) Au=AOL
3655 C
3656 C CALL SUDROUTINE FOR REACTIDH MODELS
3657 C
3650 CALL REACT (P44.P34,HN,H,H03,HH02,H2,FIS,R>N1,RXH2,RXH3,RVH4,
3659 1 RXtI5, ! )
3660 C
3661 C EULER INTEGRATIDH ROUT!HE, CALCULATE NEU CCHCENTRATIDH
3662 C PROFILE AT TIME T=T+DT
3663 C
3664 IF ( I . llE .1) I'O TO 250
3665 C
3666 C CALCULATICHS FOR THE FIRST STAGE
3667 C
3668 TEMl = RH t 1) * f F4A (2) -P4A ( 1) )-Et1P ( L ) *P4A ( L )-RXN 1+R>N2-RXN3
3669 TE M2 = R H t 1 1 * ( U A ( 2 ) - U A ( 1 ) ) - E MU ( ! ) *U A ( 1 )
3670 TE t16 = R H I I ) * H0 312 ) -H0 3 ( 1 ) -E MH 3 ( l) +NO 3 ( 1) -0. 5 *RXH2 +0R [ * NO32/HU ( 1) -
36?l 34 + E t1P t 1 I * P 4A ( L ) -2 + E MU ( L ) * U A ( 1 )
3672 TEt1? = RH f 1) + (HH02 l 2 ) -HH02 ( 1 ) ) -Et1H2 C 1) *HH02 ( 1) +0. 5 *RXN2-RXH4-RXH5
3 t,7 3 TEMA = PH f 1 ) * (H ( 2 )-H r 1) ) *EMH3 ( 1 ) +H03 ( 1 ) +1. 75 *RXH L - l . 5 * RXN2 +1. 25 *RXH3
3674 3 + R XH 4 + R XH 5
3675 GO TO 270
3676 250 IF ( I . flE .HF I GO TO 260
3677 C
3678 C CALCULATIDH3 FOR THE FEED STAGE
3679 C
3600 TEM 1 = R!i t HF +1) * F 4 A t HF+ l)-PH (HF) .P4A t'HF) +0RF *P402/HU t NF) +0R l*
368L ]ED AP i HE- 11 *P44 i flF- 1) /HU f NF )-EMP (NF) * P4A (HF)-RXN 1 +RXN2-RXN3
3682 ]+40F+P4H2 HUfflF1
3683 TEM 2 = Pli t flF + 1) *U A C HF +1) -RH f hF) *U A t'HF) +0RF *'UO2/HU (NF) +0R l *ED AU (HF- 1)
3684 3 6 U A l tlF - 11/HU C HF ) -E11U (H F ) +U A (HF )
3685 ] + A D F + U A 2 /H U ( f iF )
3606 TE M6 = P H i NP+ 1) *NO3 ( NF +1)-RN f NF ) *NO3 t HF) +0RF * (H032+4+P402+2*UO2) /
3607 JHU f HF i +0 R 1 * f EH3 i flF- 1) *fl03 i NF- 1) +4+E0 AP (NF- 1) *P44 ( NF- 1) +
3680 32 + E 04U t HF- I) *U A I HF- 1) ) /HU t flF) -EMH3 i NF ) *NO3 i NF )-4*EMP (HF ) *F4A (HF)
3689 ]-2 * EMU t flF 1 +U A (tiF )-0.5 +RXil2
3690 ]+40F * i tt0 392 +4+ P4A2 +2 *-U A2) /HU f HF )
3691 TE M7 = PH t HF + 1) +Hii02 i NF +1)-Ril( HF 1 +HH02 (NF) +0R 1 *EH2 (HF- 1) rHN02 C HF-1)
3692 ]/HU t NF ) -E MH2 t NF ) *HH02 (HF) +0. 5 +RXH2-PPJI4-R>]I5 +0RF *HH022/HU t NF )
3693 ]+ ADF tHil0292/HU f NF)
3694 Tt l10 = F il t liF + 1 ) + H t HF + 1 ) -R H (HF ) * H (tiF) +0 R 1 + E H 3 t H F - 1 ) * H 0 3 ( H F- 1) /H U C HF )
3695 ]-E MH 3 I IlF ) +110 3 f NF) +0RF *NO 3? 'HU t NF ) +1. ?5 +RXH 1 +1. 25 * RXH3
3696 2- t . S + R>JI2 +RXH4+R XH5 +AOF4HD 342 HU t NF)
3697 GO TO 270
380 C
389 C CALCULATIDil5 FOR THE OTHER STAGES
daa C
3701 260 TE Ml =PH t I 1 + f P4A ( I + 1)-P44 ( I)) +0R+E0 AP f I- 1) *P4A( I-1) /HU f I)-EMP( [] *
3?O2 ]P 44 ( I i -P V.H 1 +P XN 2 - R XH 3
3703 T E M2 = Pil i I i * t U 4 t ! + 1 ) -U A ( I i 1 +0 R + E D AU t I- 1 ) *U A ( I- 1 ) /H U C I ) -E t1U ( I ) *'U A C I)
3?04 TEM 6 = Pili I i + (tl03 ( I +1) -il03 ( I) ) +0R + ( EH3 f I-1) * H03 I I- 11 +4+f 0 AP ( I- 1) *
3?05 ]P4A( I- 11 +2 * E 04U C I- 1) +U A ( I- 1) ) /HU ( I i-Et1H3 C I) *H0 3 ( I) -4+ E MP f I) *P4A ( I)
3?O6 ]-2 * E Mu i I i * U A I I) -0. 5 +R>]i2
370? TE f17 = PH I I ) * l HH02 f I + 1) -HH02 ( I I ) +0R * EH2 ( I- 1) *HliO2 ( I- 1) /HU C I) -Et1H2 C I)
37U0 )+HH02 t I I + 0. 5 +R7H2-R>JI4-RXtl5
3709 TE t10 = Pil I; * f H f I + 1)-H f I) ) +0R +EH 3 ( I- 11 +NO3 ( I- 1) /HU f I)-EHH3 ( I) *H03 ( I)

3?lU 3 + 1. 7 5 * P >0 l l- 1. 5 + R VJ 12 + 1. 25 + P X:13 +R XH 4 +PXH5
3711 C
3712 C C ALCUL ATE THE CONCENTRATIDH PPDF ILE AT tit 1E T-T+D r
3?l3 C
3?l4 DT=HH/60.0
3715 270 P44F I ! ) = P44 r I) + f TEt11- f t-E0 AP f I)) *P4A ( I) +DDTHU f !) /HU ( I)) *DT/f l+
3 ? lti lEllPfIin
3?l7 IF(P44Fr!).LE.C.01 P4AFfIle0.0
3710 U4F t I i =U A i !) + t TEM 2-l l-C04U f I i 1 +U A( I) *DDTHU f I) /HU f I)) *DT/ (1 +EHU C I))
3719 IF I U AF t I I . LT. O . 01 U4Fr!)=0.0
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3720 TE f13 = R!l t I1 + t P 3a ( I+1 ) -P 3 A ( 1 ) ) +R >N L -P XN 2 + R >N 3
3721 '3nF f I I = P 3h i I) +(TEh3-P3 A t !) * DDTHU C I) /HU I I) ) +DT
3722 '(P3HF f II .LT.O.0) P34FlI1=0.0
3723 TE M4= Plil I J + f HN C ! + l)-HN C I) )-K2*RXN 1-R>NS
3724 HliF l I l =H!i t I ) + f iEM4-HH i l) +DDTHU a I I /HU t I) ) +DT
3725 I F (H'lF ( I 1. L T. O . 0) HNF(!1=0.0
3?26 T F f15 P H I I i + ( H 2 f I + 1 ) - H Z f I ) 1 - 0 . 2 5 + R >'H 3 - R M 14
3727 H7 F ( 1 i = H2 ( I) +( T EMS-H2 t I ) *DD THU L I) /HU f I ' ) * D r
372U !F f H2F f II , L7.0 0) H2FtI)=0.0

3729 tiO3F I I) =HD3 ( I) -(4 *I P4HF t I1 -P4A f I)) +ENP t I) +2*(U4F [ I)-U A (I)) *ENU (I)-
3730 J t TEt)L- I l-LH3 f I) ) *H03 I) *DD THU 1 I) /HU t I) i *DT) / t 1+EHH3 ( I))
373l IF INO3F I II .LT.O.0 ) NO3 Fill =0.0
3?32 HM02F i I i = HN02 ( I i + f TE M?-( 1-EH2 ( I) ) * HN02 ( !) * DD THU ( I) MU f I) ) =DT/( 1 +
3733 ]EilH2 I I 11
3734 IF lHN02F l!) .LT.O.0) HN02FfI)=0.0
3735 HF ( I ) = H I I) + f TE MB-i H f I)-EH3 ( I) *H03 ( I I ) *D D THU C II /HU ( I) ) *D T-ENH3 ( I) *
3736 li NO3F i I l -tiO31 Il i
3 7 3 ~' !FfHFi!).LT.O.01 HFrl)=0.0
3730 300 CollTINUE
2739 C
3740 C
3741 C EST ADL ISH HEU FRESEN F VALUES
3742 C
3?43 350 DO 450 I=1.L
3?44 OP(Ii=oPtIl+DDTa0(!)+DT
3745 OP(I)=CP! l i + D D TOR ( I :) + D T
3746 P44 ! I i = P4NF ( 11
374? P3A( Ii=P3hFlI)
3?40 U4fIirunFtI)
3?49 HZ t 11 =H2F t I)
3750 HNtIi=HNFtI)
3751 HUO2 I I i >HN02F f I)
3?52 NO3iIi NO3FI!)
37S3 H(IJ=HFfIl
3?54 450 CONTIliUE
3755 C
3?56 C
375? C C ALCUL ATE CONCENTR ATIONS IN 0;GAHIC PHASE
3?SB C
3759 444 DD 470 I = 1.1
3760 HN020 [] =HNO2 ( II +EH2 C I)
3761 NO301 !) =Holl!) *EH3 t I)
3762 UDiI)=URrI)*E00UfIl
3?63 4?U PUO f I1 = Pea r 11 *EDAPI I)
3?64 C
3765 C COMPUTE OUTPUT VALUES
3?66 C
3?67 SI1.000UT,6I-UAIl)+238.0
3760 S I 1. h0 0U T,7 ) = P44 i 11 +2 39. 0
3?69 5(1.000UT.H)=NO3f1)
3??O 5(1.H000T,iO)=H2111
3??1 Si1,000UT,11)=HN02t1)
3??2 5t1.nn0UT.12)=HNi11
3??3 Sf1.900UT,131=P3A(1)*239.0
3??4 S 11, CP OU T,6 ) = UD I L) +23 9. 0
3?75 5I1,0 POUT.7i=FUCCL)*239.0
V76 911.CPOUT.0)=Nn301L)
2?'7 Sf1.0 POUT.I!i-H'iO20tL)
ci? ? O PETUFN
3 ? '' 9 END
37GO C
3701 C
3782 C LISTING OF SUBROUTINES USED IN EXTPTR
3783 C
3784 SUB ROU TINE D IS TR I (P44, P34, HH, H, H03, HN02, H2, U A,
3?85 IFIS,ECAU ECAP,EH3,EH2,XTBP)
3786 C

''3787 C0tt10H /E NT1/L, TOR, TAQ,0R I,0RF,0R2, H8, NF, VOL, AC l,0R, AQ2
3788 C O MMO N /E XT2 / K i K 2, K 3, K 4, K 5 '

3789 D IMENS ION P40 (21) . P3 A (21) , HH f 21) , H(2 I), H03 (21) , HH02(2 L) ,H2(21) \'

3790 L,FIS(21)
379L D IMENS ION U A r 21) , E0 Au f 21), E0 AP (21), EH3 (21), EH2 (21) 9

3792 REHL K 1. K2. K3. K4, K5, KH KP, kU, IS H035, h03 I, IN TERR [
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3793 REAL H03,H03F,H0:0f21)
3794 DO 150 !=1.L
3795 U=H03(I)*+2
3796 15 -0. 5 + ( H0 3 ( I) +H ( I ) +HH ( I) +HZ f t ) ) +2 *t A ( I) +8. *P4A C I) +4. 5 *P3 A C I)
3797 K P = 12.16 3 -9. 0 3 3 * I S +2. 2 3 * I S * I S-0.16 3 * I S **3
3790 K U -8. 7 91 + 6. 0 71 + I S- 6.17 6 * I S * ! S + 1. 5 7 9 * I S +:* 3
3799 KH=0.385-0.155*IS+0.024+IS*IS
3800 F IS ( I l - 10 + + ( 0. 91 + SG R T( I 31 - l . 521 )
3801 C=(XT8P/0.2)*0.731-EH2(I)*HH02ff)
3002 Al=l+KH+H(t)*H03(I)
3803 A 2 = U A ( ! ) + K P + P4A f t ) +tl/K U
3804 A3=P4A(!)+KU+UA(!)/(KPvU)
3805 A4=(41 H03(I))+*2
3806 45=A4/U
3807 46- Al/f 4*SDRTf KU) *H03(I) *A2)
3808 A7 A l/ (4 650RT(KP) *U+ A3)
3809 48 = 1-50R T f 1 +8 *C +K'J + A2/A4)
3810 49=l-SORTft+B+C+KP+A3/AS)
3811 E04U(!)=f46+ABl+*-2
3812 EDAPil)=(H7+491*+2
3813 O l =VH +H C I) +l/H03 ( I)
3814 02 = U A i ! ) + K U + UvP 4A ( I) *V P
3015 83 1-50Ri(1+8+C+B2/(Bl+01))
3B16 EH3tli -Bl+KH+03/f4+82)
3817 F TOP = t XTBP/0. 2) +0. 7 31-EH3 ( I) *NO3 ( I)-2 *ED AP C I) *P4A C I)-2 *EC AU ( I)
30!B 3*UAtI)
3019 IF f F TBP . L T. O . 0 ) FTOP=0.0
3820 150 EH2 ( I J = 10. 5+F TOP
3821 PETURN
3822 END
3023 C
3824 C
3825 SUBROUTINE HOLDUP (DP,AP,ECAP,EDAU,EH2,EH3,DDTOR,DDTAQ,HU,RN EHP,
3026 1 E N U . E N H2, E H H 3, E MF , E t1U , E hH2, E MH 3, D D TH U , H 7, DD TU R F )
3827 C
3828 COMM0H /E XTl/ L, TOR, TAD,0R 1,0R F,0R2, H8, HF, \tL,00,0R
3029 C0tt10H EXT 2/ K 1, K2, K3, K4, KS
l'lt D Il1 ENS ION DP f 21) , AP (21) , ED AP (21) , ED AU (21) , EH2 (21) , EH3 (21),
383L IDDTORf21),DDTA0r21),HU(21)
3832 D IMENS IGH RH f 21) .ENP (21) ENU(21) ENH2 (21), EHH3 (21 ), EMP (21),
3B33 2Et1U ( 21) , E MH2 f 21) . EMH 3 (21) DD THU (211
3834 RE AL K 1, K2, K 3, K 4, K5, KH, KP, KU, IS.NO35, H03 !,1H TERR
3835 REAL HO3,H03F,tl030f21)
3936 C
3937 C CALCULATE HOLDUPS AND FLOU PARAFETERS
3839 C
3839 DDTOR t HF ) = I 1/ TOR) *( CP (HF- 1) +CRF-OP ( HF) )
3B40 00 160 !=HB L
3841 160 DDTOR t I l = l l/ TOP) *(OP ( I-1)-OP ( [])
3842 00 200 I-1,L
3843 OR=0R2
3044 IF(I.LT.HF) OR=0R1
3845 40=A02
3B46 IF(I.GT.HF) A0=AD1
3847 DD TA0 i l l = ( 1/T40 ) *( AP ( I+l)- AP ( I) )
3848 HU ( I) =VOL/I 1 +0P ( [) /AP ( I) )
3849 PH f li =40/HU f t)
3350 EHP f I l =0P l l) +E0 AP ( !) / AP ( I)
3B51 EHuft)=0Pf!)+E04UCI)/AP(I)
3G52 EHH2fI) 20PfI)*EH2(I)/AP(I)
3053 EHH3(IJ=0P(!)*EH3r!)/AP([)
3854 EMP I I 1 = 0R +E D AP t I) /HU ( I)
3855 EMU ( l > =0R *E04U C I) /HU C I)
3B56 EMH2t!)=0R+EH2(I)<HU(I)
385? 220 EMH3( I J =0R+EH3 f I) /Hu f t )
3050 D D THU ( 1 ) = (VDL+ 0R 1 *DD TA0 (2) ) / C f AP C 2) +0R I) **2)
3859 DO 202 I-2,H7
3060 202 DD THu t I ) = ( VOL *0P ( I- 1) *DD TA0 ( I+1) ) /(( AP C I+1) +0P ( I-1)) +*2)
3061 DDTHU i HF ) = I VOL + C DP ( M7) +0RF ) +DDTA0 (flB)-VOL*-( AP (HB) +40F) *DDTORF) /( (
3862 ](AP(HO)+40FJ+0Pl+0PF)**2)
3963 DO 204 [=HO L
3064 204 DD THU ( ! ) = ( VOL +0P ( I- 1) * DDTA0 ( I * l)-VOL +AP f ! +1) * DD TDR C I- 1)) /( C AP C I+1)
3865 3+0P(I-111*+2)
3866 FETURN
3867 END
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3868 C
3869 C
3870 SUB ROU T IH E RE AC T C P4A, P 3 A, HH, H, r403, HH 02, H2, F IS, RXH 1, RW2, RXN3, RW4
3871 1.RXH5,!)
3872 C
3873 COMMON / EXT 1/ L. TOR, TAD,0R 1, L:.F,0R2, H8,HF, VOL, A01,0R, A02
3874 C0t110H / EXT 2/ K I, K 2, K3, K4, K5

3875 D Il1EHS [0h P4A (21) , P3 A (21) , HH (? I) , H t 21) , H03 (21) HH02 (21) , HZ (21)
3876 1. FIST 21)
3877 RE AL K 1, K2, K3, K4, K5, KH.KP, KU, IS, H035, NO3 I, INTERR
3878 RE AL H03,H03F,h030(21)
3879 C CHEMIC AL RE ACTIDH t10DELS
3880 R >1| l = K 1 * ( H H ( I ) * *2 ) * ( P4A ( I ) **21/( ( P 3 A ( ! ) * *2 ) * ( H ( I ) *4 4) * ( ( 8.19 +
3881 JH03(I)**2)))
3882 R XH2 = K 4+ P 3 A ( I) * HH02 ( I) *H ( I) *NO 3 ( I)
3883 R XH 3 = K 3 + P 4A ( I ) *-H 2 ( I )
3884 RXIi4= K5 +H2 t !) *HH02 ( I) *H C I) *H l I)
3885 RXH 5 = F I S ( I) *HH02 ( I)
3886 IF (HH(I).LE.8.8) R XH 5 = 0. 0
3887 R E TUR H
3888 END

3889 SUBROUTIHE TYPE 6
3090 C
3891 C SUBROUTIHE PRECIP
3892 C
3893 C THIS t10DULE DESCRIBES THE PLUTCHIUM OXALATE PRCCIPITATOR
3294 C
3895 C THE FOLL0lJING PARAMETERS ARE REQUIRED
3896 C EP(It1,1) =PU HOLDUP IH GRAMS

VOLut1E OF PRECIPITATOR (LITERS;3897 C EPCIM,2) =

3898 C
3899 C O MM0 H /t1A T/t1P ( 35,13 ) , E P ( 35,10 ) , S ( 2, 45, t 3 ) , E X C 58 )
3900 C O Mt10 H / C O H /H C O MP , H C S , H E , N S , Tt1A X

3901 C O M110H /Utl I T/ IM. H HP
3902 COMt10H /GERR/JST AR T, IME TH TIME, H, HH, H IHC, EPS, T, INTFL
3903 D IMENS ION Y(B) . DERYlB)
3904 C
3905 C THE 111CROSCOPIC QU ANTITIES IN THE DATA STATEi1ENT HAVE THE UNITS
3906 C AKG(DM/HP), AK B ( 1, A ITERS + HOUR) , R2 P 0 ( DM) , R0(C/CC)

3907 DATA AKG.ANG,AKB,AH8,RZP0/l.5E-04,I.,L.E+08,1.4,1.E-06/
3908 D ATA R0, VK/2. 694,4.1687902/
3909 IF ( Ill TF L . EO . 0 ) GO TO 2
3910 RETUPN
391L 2 CONT! HUE
3912 C
3913 C VOLut1E OF PRECIP ITATOR
3914 V=EP(IM.2)
3915 C
3916 I TE R = 0
3917 C FIND STREAMS
3918 I H P U = t1P ( I r1, 31

3919 I H 0 X = MP ( I tl. 4)
3920 HOUT=IA85tMP(IM,5))
3921 IF f MP I I t1. 6 ) . E O . 0 ) GO TO 4
3922 N S I G = I A B S I MP t I t1. 61 )
3923 4 CONTINUE
3924 C
3925 C
3926 C DEHSITY OF PU IN OXAL ATE (G A ITER)
3927 C DENSITY OF C204 IN OXALATE ( MOLE S /L ITE R)
3928 C
3929 RDP=457.+PO
3930 P00=3.82+R0
3931 C
3932 C
3933 C CALCULATE INITIAL CONDITIDHS
3934 C FLOld 0F FILTRATE, L/HR
3935 YI2)=SI1,HOUT,6)*68.0 e
3936 C COHC OF PU Wi
3937 Yf 1) =S f 1, HOUT,7) O

3930 C COHC OF HO3 .

'

3939 YC3)=S(1,HOUT,8) - s

394e C CONC OF C204 -;s
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3941 Y( 4) = S ( 1, HOU T,9 )
3942 Y(5)=S(1,HOUT,12)
3943 Y(6)=S(1.HOUT,13)
3944 Y(7)=S(1,HOUT 10)
3945 Y(8)=S(1 HOUT.11)
3946 C
3947 1 COHTINUE
3940 C
3949 C COMPUTE !HPUT VARI ABLES
3950 3 DFPDT=SCL,IHPU,4)*3600.0
3951 D F 0 D T= S ( 1, I N0X,4) *36 00. 0
3952 FP=S(1,IUPU,3)*60.0
3953 F 0 = S ( 1, IN 0X,3 ) * 60. 0
3954 CP=S(1.IHPU,7)
3955 CH=S(1,IMPU,8)
3956 C0=S(1,IN0X,9)
3957 TF R = F 0 +F P
3958 TBFR=DFDDT+DFPDT
3959 C
3960 C COMPUTE PLUT0HIUM EQUILIBRIUM SOLUBILITY
3961 C ALL SOLUn(YC3),Y(4),CSTAR,CH)
3962 CSTAR=CSTAP*239.
3963 C
3964 2=1.
3965 IF (Yl l) .LE .CSTAR) 2-0.
3966 C
3967 C C0FFUTE GROUTH AND HUCLEATIDH COEFFICIEHTS
3960 G= AKG*2*( ABS f YC l)-CSTAR)) **-AhG
3969 B=AK0*2*(ABS (Y(1)-CSTAR))**AHO
3970 C
3971 IF (Y C 2 ) . EO . 0. 0. 0 R . TF R . E0. 0. ) GD TO 50
3972 C
3973 C SYSTEM OF DIFFERENTI AL EDUATIDHS
3974 P l = 3. *Y t 7 ) *W *V+G /R2 R 0 +V+VK *Yl 2 ) *B +R2RO * *3/TFR
3975 P2 = (CP-Y( 1)) *FP-Y(1) *F0+(YC l)-ROP) *P 1
39?6 DERY( l > = P2 *TFR/( V*YC 2) )
3977 X l = TF R V-Y t 2 ) /V-3. *VK *Y( 7 ) *G/RZR O-Y C 2 ) *VK *R2RO **3 *B/TFR
3978 X2 = Y C 2 ) * TD F R /TF R
3979 DERYt 2) =X2 +TF R *X1
3980 21 =- D E RY ( 2 ) /Y ( 2 ) +TDF R/TFR
3901 22 = ( F P * C H /Y C 2 ) -Y( 3 ) ) * TF P /V
3982 DERYC 3) =21 *Y( 3) +22
3903 T l = ( P 0 0-Y C 41 ) * TD F R /TF R
3994 T2 = TF R * i F 0 + C D-TF R * R00-Y t 2) *YC 4) +Y C 2 ) * R00) /(V*Y C 2) )
3985 T3 = ( R00-Y t 41 ) * D ERY(2 ) /Y(2 )
3986 D E RY t 41 =-T l +T2 +T3
3907 TRAV=0DYf2)*R2RO**3/TFR
3988 D E RY15 ) = T R AV-Y C S) *TF R /V
3909 D E R Y r 6 ) = G *Y( 5 ) /P2 R0 +TR AV-Y( 6 ) *TFR/V
3990 DERYt 7) = 2. *G*Y( 6 ) /RZRO &TR AV-Y(7) * TFR/V
3991 AMU 3 = f t . -Yt 2 ) / TFP) /VK
3922 DE R Yt 0 ) =4. *G * AMU 3/R2R0 +TR AV-Y(8) *TF R/V
3993 C
3994 GO TO 60
3995 C
3996 C LIMIT OF SYSTEM OF DIFFERENTI AL EDUATIDHS
3997 C FOR VANISHING IMPUT FLOU
3990 50 DD=B C'2RO**3
3999 DERYtt)--POP *VK+DD
4000 DERY(2)=DF0DT+0FPDT
4001 DERYf3)=0.
4002 DERYl 4) =P .
4003 DERY(5)=DD
4004 DERYt61=DD
4005 DERYt?)=DD
4006 DERY(B)tDD
4007 GB CONTINUE
4000 C
4009 C
4010 C COMPUTE OU TPUT SIGHAL
4011 IF (CP.LE.1.0E-20.0R.FP.LE.1.E-20) GO TO 38
4012 SIGHL=Ytt>*Y(2)/(CP*FP)
4013 60 TO 40
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4014 30 S I G til = 0.
4015 C
4016 C COMPUTE OUTPUT VARIAOLES
4017 40 IF (MPf!M.6).EO.0) CD TO 41
4010 S ( 1. tis I G . 3 ) =S IGHL
4019 41 CONTlHUE
4020 S ( 1, tiOU T,3) = TT R /60. 0
4021 S f 2, tt0UT,6) =DERY(2) /3600.0

4022 S (2. tiO U T,7) = DER Y( 1 )
4023 S(2,HOUT.8)=DERYC3)
da24 S C 2,lI0UT,9) =DERY(4)

4025 S C 2,l10 U T .12) * D E RY(5)
4026 S ( 2, tt 0 U T,13 ) = D E R Y C 6)

4027 S (2, t10 UT,10 ) = DE RYC 7 )
4028 S (2, tl0U T.11) = DE R Y( 0)
4029 C
4030 C PU HOLDUP IN THE RE ACTOR
4031 C
4032 EP(IM,1)=S(1,HOUT,7)*V
4033 C
4034 RETURH
4035 EMD

403G SUBROUTIME SOLUB(CH03,CHCO,CSTAR,CH)
4037 DIMEh3IGH X(3)
4030 G=2.0943951
4039 B=-CH03/3.
4040 C=-5.38E-2*CHCD/3.
4041 D=-5.5DE-6*CHC0
4042 0=C-B++2
4043 R = ( 3. + 8 +C-D ) /2. -8 **3
4044 DELT'O+*3+R*+2
4045 IF (DELT.LE.O.) GO TD 10
4046 SD =SORTf DELT)
4047 51=(R+5Dl+*0.33333333
4049 S2=IP-SD)++0.33333333
4049 CH 51+S2-8
4050 LO TO 50
4051 la S=RJABS(R)
4052 Tt=2.*S*SORTC-0)
4053 T2 = ACOS ( S *R /SOR T(-0 =*3) ) /3.
4054 Xf t ) =Tl+COS(T2)-B
4055 Xt 2 ) = T l +COS C T2 &G )-B
4056 X t 3 ) = T l *COS ( T2 +2. *G) -B
4057 DD 100 I-1.3
4050 IF (X(I) .LT.O. ) GO TO 100
4U59 CH=X(I)
4060 100 C0t|TINUE
4061 50 Al=4.890873E-05
4062 Bl=6.124839E-ll
4063 C l = 4. 9857 01E-0 4
4064 CSTAR = A l +B l *CH+ *4/CHCO**241 *CHC0
4065 RE TU RH
4066 EllD
4367 SUBROUTIHE TYPE 7
4069 C
4069 C SUBROUTIHE EVHPTR
4070 C
4071 COMMOH / MAT / MP C?5,13), EP(35,10),S (2,45,13),EX(58)
4072 COMMON /COH/ HCOMP,HC5,HE,HS, T71AX,HC3,H9,H t,H2,HF
4073 C0tT10ti /GERR/ J START, IMETL TIME, H, HH, H IHC, EPS , T, INTFL
4074 COMMON /10/ N IH, HOUT, HERR, NPO INT,HPRT
4075 C OMM0ti/UM I T/ IM. HMP
4076 C utt10H /PTAB/ TREF,R

4077 INTEGER DUT, VAP.STE AM
4078 RE AL LMD A , HF IM. MOUT, MSTM

*

4079 IF (INTFL.EO.1) GO TO 1
4080 RETURil
408L 1 CONT! HUE
4082 C
4083 C EQUIPMENT P ARAMETERS
4004 C
4085 C 1 - PU-HOLDUP,G
4086 C 2 - %D L U FE , L
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4007 C --
4088 V= E P f IM,2) /1000. 0

[4089 C
4090 C C ALLS TO PROPERTY SL'8 ROUT!NES DEHL AHD VAPR

-

4091 C .
_

4092 C F IND STREAt15
.

7--4093 C ;

4094 IH=IAOS(MP(IM,31)
r4095 S TE At1= I H B S ( t1P ( I t1,4) )

4096 0UT= l ABS ( f1P ( Itt,5) ) y
4097 VAP = I A8S ( t1P ( IM 6 ) )
4090 C
4099 C IHPUT VALUES

_4100 C _

4101 CALL DEHL ( l, [N . D AVG IH)
_4102 ff IH =S C 1, IH ,3 ) +55. 5 *60. 0 *D AW IN

4103 XIPu=S(1,IH,71/239.0/55.5/DAVGIH
4104 MS TM=S f t S TE At1. 31/18. 0/60. 0 -

4105 CALL VAPR ( 1,0 U T. P VP S , D P V)
_4106 CTlH-3P.0 "

4107 LJORK=0.0 -

4108 YOPU=0.0 -

4l09 V=0.0513 -

4110 CSTt1-125.56 -

4111 C
4112 C LATENT HEAT OF STEAM AS A FUNCTIO 9 OF TEt'PERATURE F

,_

4113 C
41l4 L t1D A = 9. 386

_

4115 H S TM = t1S TM+ L MD A
-

4116 C
-

4117 C LATENT HEAT OF VAPOR LEAVING THE LIQUID IN THE CONCENTRATT!R
-__

4118 C
34119 H VA P = 9. 70 3 +0. 01 B * ( 100. 0 - C T I H ) E4120 C T

4121 C HPPROXIt1ATION OF THE EXITING LIQUID FLOU RATE '
--

4122 C -

4123 MOU T-MF IH-HS Ttt44VAP b4124 PRESS =S(1.VAP,5) -

4125 TEMP =S(t,VAP,4)+273.0 F4126 CALL DEHL ( 1,0 U T, D AVGOU T)
4127 XC P U = S ( 1, 0 U T,7 ) /239. 0 /SS . 5 /D AWOU T =4120 IF ( t10 U T . G E . O . 0 ) GO TO 3 ;
4129 IF ( t10 U T . L T . O . 8 ) GO TO 2 -

4130 2 URITE (HOUT,100) -

4131 100 FORMAT (5X, *HEGATIVE HOLAR FLOU RATE. C0tPUTATIDHS CEASE.")
4132 CALL EXIT ?4133 C -

4L34 C SUBROUTINE TO CALCULATE FLUID TEMPERATURE IN MIXER CAN BE4135 C ADDED HERE IF HECESSARY. -

4136 C
f._4137 3 XIU=1.0-XIPU -

4138 P l = ( D AVGOUT*V) -

4139 APH A = ( t1F I H + XI PU) /P l * 0. 23975
-

4140 B E TA at10UTe P l *0. 23975 &414L D L TA -t10 U T/P l *0. O l 8016 ----

4142 GAMA= ( f t1F IH+XIU)-(HSTM/HVAP)) /Pl*0.018016
4143 >D U = 1. 0 - >D P U E
4144 X= f AP H A- ( A PH A-B E TA *XCPU) *E >P ( (- 1) *BE TA * C T-HH) /6 0. 8) ) /B ETA -4145 XU= ( G AMA- ( G At1A-DL TA *XOU) * E >P ( (- 1 ) *DL TA * C T-HH ) /6 0. 8 ) ) /DL TA 14146 C =4147 C IN PLACE OF X AND XU THE VALUES OF DX/DT AND D(XU)/DT COULD BE :

4148 C CALCULATED HERE. VALUES OF SC2,0UT,7) (DERIVATIVES) LOULD THEri E4149 C DE PEPORTED OUT OF THE SUBROUTIHE FOR INTEGRATI0H BY THE -

4150 C INTEGRATOR SUGROUTIHE " DRIVE' - THE STRE AM LABELED "OUT" LOULD
-

415l C BE A COUPLED STREAM AND THE TEST VALUE FOR INTFL MUST BE E--
4l52 C CHANGED TO 0. r4L53 C =-
4154 S ( 1,0U T,7 ) = 23 9. 0 *55. 5 *D AVGOUT*X/(X+XLD :.-4155 S ( 1,0U T,31 = t100T/60. 0 /55. 5 /D AVGOU T

-

"

4156 S ( 1, VA P ,3 ) = ( ( MF I N-t10 U T) /60. 9 ) * R * FE tt' 4 R E SS -

4157 EP ( IM,1 ) = S ( 1,0U T,7 ) *V* 100 0. 0 I4158 RETURH
- =-

4159 EHD
-
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4160 SUBPCUTINE TYPE 2
4161 C
4162 C SUBROUTINE CONTLR
4163 C
4164 C PROPORTIDHAL-INTEGRAL (PI) CONTROLLER
4165 C
4156 C EDUIPTHT PAR AMETERS
4167 C
4168 C 1 - CONTROLLED VARI ABLE HumER
4169 C 2 - RANGE OF COHTROLLED VARI ABLE
4170 C 3 - SET POINT
4171 C 4 - PROPORTIDHAL GA!H
4172 C 5- INTEGRAL CONSTANT
4173 C
41?4 COMt10H /t1AT/ MP (35,13),EP(35,10),5 (2,45,13),EX(50)
4175 C0t1 MUM /COH/ HCOMP, HC5, NE, HS. Tt1AX, HC3, N8, H 1, N2
4176 COMM0H <GERR/ JSTART, IMETH, TIME,H,HINC,EPS
4177 C O Mt10N / UM I T/ It1. Ht1P
4L70 COMMOH <PTAB/ TREF,R
4179 D ATA OLD4.0/,0LDOUT4.0/
4180 C 0t1t10 H < PRJP/t1U( 6 ) , CPL (6. 6 ) , CVA (6,6) ENT(6,6) , ENV C 6,6) , L AM C 6,6)
4181 1, VAP ( 6,3 ) . UI (6. 6) , D HL (6,61
4182 INTEGER OUT
4183 C
4!84 Pl=EPf!M,41
4185 P 2 = E P ( I t1. 5 )
4186 IH = t1P t I M. 3 )
4187 OUT= I ADS (t1P ( IM,4) )
4'80 K=EP(IM.1)
4189 C t1EASURED VARI ABLE AT CURRENT tim
4190 SIGl=S(1,IH,K)
419L C 11C ASURED VARI ABLE AT LAST TIME
4192 SIG2=0LD
4L93 OLD=Si1.IH K)
4194 SCALE =l.0/EP(IM,2)
4195 C PRESENT ERROR
419G ERR = (S IG i-EP C It1,3) ) ESC ALE
4197 C LAST EPROR
4198 OLDER " I G2-EP f Iti,3 ) ) *SC ALE
4199 C t, JUT SICHAL
4200 S ( t , OUT,3) =P l * f Ek R-OLDER +P2*(ERR +0LDER) *0.5*H IHC) +CLDOUT
4201 OL D OU T= S ( 1,0U T,3 )
4202 IF CS ( 1,0UT,3) . GT.100) S C 1,0UT,3) = 1. 0
4203 IF (S i l,0UT,3) . LT.O . 0) SC1,0UT,3)=0.0
4204 RETURH
4205 END
4206 SUBROUTINE TWE9
4207 C
4200 C SUBROUTIHE VALV
4209 C
4210 C CONTROL VALVE CLINEAR RESPONSE)
4211 C
4212 C EQU IPMENT P ARAMETERS
4213 C EP(IM.l)= CONSTANT
4214 C EP ( IM,2) = ACTIOH C e=D IRECT,--REWRSE)

1 4215 C
| 4216 COMl10H /t1AT +1P i 35,13) , EP (35,10) , S (2,45,13) . EX(58)

4217 COMM0H/UMIT/ ItLHMP
4210 I H = MP ( I r1. 3 )
4219 OUT= I AB S ( MP C It1,4))
4220 A = E P ( I t1. 2 )
422l IFCA.LT.O.0) S ( 1,0U T,3) = EP ( IM,1) *( 1. 0-S C 1, IH,3) )

4222 IF(A.GE.O.0) S ( 1,0UT,3) =EP ( IM,1) *S ( 1, IH,3)
4223 RETURH
4224 END
4225 SUBROUTINE TWE8
4226 C
422? C SUBROUTIHE CHTPMS
4228 C
4229 C A MODULE FOR THE S!MULATIDH OF HEAT AND t%SS TRANSFER IN
4230 C A SINGLE STAGE UITH EITHER LIO-LIQ OR VAPDP-LIO PHASES OR DNE
4231 C UELL t1[XED PHASE
4232 C
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4233 COMMUH / MAT /t1P f 35,13) . EP (35,10) , S (2,45,13) , EX(50)
4234 COMMON / CON /NCOMP,!,wS, HE, HS . TttlX, NC3, N8, H IST, NF IN
4235 COMt10H /GERR/JST AR T, It1ETH, TIME, H, H INC, E PS
4236 COMMOH / Ull ! T/ I ti, N t"'
4237 PE AL L Ill, LOU T, KV, K EXT
4238 INTEGER DUTPRO,0UTSTO,0UTPR A,0UTSTA
423b D IMEN S IDH YO t 10 ) J0 ( 10) , XS L F ( 10) , XD C 13,8) , TD (B) , X( 13,8) , tJ( 0) , T(8)
4240 D IMENS IDH XIH ( 10) VOL(2), XOUT C 10), DERYC 10), DERXC 10), YIH f 10)
4241 D I ME NS IDH YOUT C 10 ) , D IS C0 ( 10) , YI DE AL ( 10 ) , P (8 ) , XX( 13,8 ) , X>N C 13,8)
4242 D IMENS IDH TR4HS f 10), TR ANSUt1(10)
4243 C
4244 C EQU IPMENT F AR AMETERS
4245 C
4246 C 1-HOLDUP LF C0t1P 2 (VAR 7)
4247 C 2-TOTAL VOLUME CVOL'1))
4248 C 3-VOLUME OF h3 OR LIO PHASE (VOL(2))
4249 C 4-RATE CONSTANT FOR VOLUME CHANGF (KV)
4250 C 5-RATE CONSTANT FOR APPR TO EDUIL (KEXT)
4251 C 6-VOL FR ACTION EXTR ENHANCEt1ENT COMP (XT8P)
4252 C 74: EAT XPER COEF (MCOEF)
4253 C 0-HEAT XFER AREA (HAPEA)
4254 C 9-HTYPE=0 FOR EXTRACTIDH:1 FOR FLASH (LIO-VAP)
4255 C
4256 YOL(1)=EPfIM.2)
4257 VI)L ( 2 ) = E P I I t1. 3 )
4258 XT8P=EPtIM.61
4259 KV- EP ( It1,4 i

4260 K E XT= EP ( I M. 5 )
4261 HCOEF=EP(IM,7)
4262 H ARE A =EP t Ir1. 8)
4263 N TYP E = E P ( I t1,9 )

4264 C
4265 C IH AND OUT STRE AMS
4266 C
4267 C LIO OR AOUEOUS
4260 IHS TCA = I ABS f MP t Itl,7))
4269 I N F D A = I A B S i t1P C i t1,8 ) )

4270 t. STREAM OUTPRA IS THE LEWL COHTROL STREAM
4271 DU TPP A = I ABS (t1P C IM,9) )
4272 CUTSTA = I ASS (t1P r It1,10))
42?3 C VAP OR ORGANIC
4274 I NS TG0 = I A 05 ( t1P C It1,3) )
42?5 INFD0 = I ABS (11P f It1,4))

4276 0UTPR0 = I ABS Ct1P C It1,5))
4277 OU TST0 = I ADS (t1P ( IM. 6) )
4278 JS GH = I ABS t t1P ( It1,12 ) )
4279 JENRGY= I ADS (MP C IM.11))
4280 J C C H T = I A B S i t1P ( I t1,13 ) )

4281 C
4282 N E 0 = H C 0 t1P & 1

4283 C
4284 C INITIAL VALUES
4285 NST=8
4286 DO 26 I=3,HC5
4287 DO 25 J 1,tiST
4208 I A = I A85 (MP ( It1, J +2) )
4289 IFCIA.EO.0) GO TO 24
4290 XXCI-2,J)=S(1,IA,!)
4291 GO TO 25
4292 24 XXft-2,J)=0.8
42S3 25 CONTINUE
4294 26 COMTINUE
4295 C
4296 C RENAME STREAM VARIABLES
4297 28 CONTINUE
4298 DO 30 J-1,IIST
4299 U(J) =XXf t, J)

4300 TfJ)=XX(2,JJ

4301 P(J)=XXt3,J)
4a02 DO 29 I-4,HC3
4303 X(I-3,J)=XX(I,J)
4304 29 COHTIt:UE
4305 C w& * FOR U-PU EXTRACTIDH
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4306 X( 1, J) = X C 1, J) /2 3 0. 0
4307 X(2,JJ=X(2.J)/239.0
4308 C *m
4309 30 CONTINUE
4310 C
431L C Cat 1PUTE ENTHALPIES, HEAT CAPACITIES, DENSITIES, AND HEATS
4312 C OF %%PORIZATIDH
4313 C ALL EN TL ( 1, INSTG A, HTL IH L. DH)
4314 C ALL EllTL ( 1, INFD A,HTL IN2 DH)

4315 C ALL ENTL ( l,0UTSTA,HTLOUTL , DH)
43l6 C AL L EN TL ( 1,0U TPR A, HTLOUT2, DH)
4317 HTLIH=HTLIH1 *tJ t 5 ) +H TL I N2 *tJ C 6 )
4310 H TLOU T= H TLOUT L *tJ C 7 ) +H TLO U T2 *tJ C 8)
4319 IF (UTYPE.EO.0) GO TO 58
4320 CALL ENTV(l INSTGO,HTVIH1, DH)
4321 C ALL EHTV( l, IHFDO.HTVIH2, DH)
4322 CALL ENTV(1, OU TS TO, H TWU T1, DH)
4323 C ALL ENTV( l,0UTPRO, HTVOUT2,DH)
4324 HTVIH=HTVIH1 * U( l ) +H TVI H 28 tJ C 2 )
4325 HTVOUT=HTVOUT1 * U( 3 ) +H TVO U T2 *tJ C 4)
4326 58 COHTINUE
4327 CALL CPLI(l,IHSTGA, CPS)
4328 CALL CPLI(1,INFDA,CP6)
4329 C ALL CPL I(1,0UTSTA.CPB)
4330 C AL L CPL I(1,0UTPR A,CP7)
4331 IF ( N TYP E . E O . 0 ) GO TO 59
4332 CALL CPVA(1,INSTGO, CPI)
4333 CALL CPVA(1,INFDO,CP2)
4334 CALL CPVA(1,0UTPRO,CP3)
4335 C ALL CPVA (1,0UTSTO,CP4)
4336 59 CONTINUE
4337 CALL DEHL(1,INSTGA, RHO 5)
4330 CALL DCHL(1 SDA.RH06)
4339 CALL DEHL(* l 'GTA,RH08)
4340 C ALL DEHL ( . ,0U TPR A, RH07)
4341 IF (HTYPE.EO.0) GO TO 56
4342 CALL DEHV(1,IHSTGO,RH01)
4343 CALL DENV(t,INFDO,RH02)
4314 C ALL DEHV(1,0UTPRO.RH03)

4345 CALL DENVf t,0UTSTO,RH04)
4346 56 CONT!HL'C
4347 IF ( fl TYP E . N E . 0 ) GO TO 69
4348 CALL DEHL ( 1, I N STGO , R H 01)
4349 CALL DEHL(1,INFDO,RH02)
4350 CALL D E HL ( 1,0U TPRO , RH 03)
4351 CALL D E H L ( 1,0 U TS TO, R H 04)
4352 CALL EN TL f t , INS TGO, HTVIH 1, DH)
4353 CALL EN TL C 1, IHFDO, H TVIH2, DH)
4354 CALL E N TL ( 1,0 U TS TO , H TYOU T1, DH)
4355 CALL E N TL ( 1,0 U TP R O , H TVO U T2, D H)
4356 CALL CPL I ( l, INS TGO, CP I)

4357 CALL CPLI(l,INFDO,CP2)
4358 CALL C PL I ( 1,0U TS TO , CP 4)

4359 CALL C P L I ( 1,0 U TP R O , C P 3 )
4360 69 CONTINUE
4361 C
4362 C ALL L At18 f t,0UTPR A,HTVAP)
4363 LIH=U(5)+U(6)
4364 U(7)=S(1,JC0HT,3)
4365 LOUT =U(7)+U(8)
4366 CPL I H = ( U(5 ) +R H 0 5 *CP5 +U(6) *R H06 * CPS) /L IN
4367 CPL OUT= f U(7) *RH07*CP7 +U(8) *RHOB*CPB) / LOUT
4368 IF (VOL(1).ED.O.0) GO TO 41
4369 VIH=Ufl)+Ut2)
4370 VOU T= L I H + VIN-L O U T
43?! U(4)=VOUT-U(3)
4372 CPVIH = f.UC 1) *RHD 1*CP 1 +U(2) *RH02 *tP2) /VIH
4373 C P VOU T= ( U( 3 ) * RH 0 3 *C P 3 +U ( d) * R H 04*CP4) /VOU T
4374 41 CONTINUE
4375 TO U T= H TL OU T/(CPLOU T) ,

43?6 H TE XT = H C O E F *H A R E A * ( TE XT-TL O U T) ,
,

4377 DO 40 ! = 1, HC0 t1P s
s

4378 XIH f I i = f XC I,5) *UIS) +X( I,6) *U(6) ) /L IN

43?9 XDUTI !) - t XI I,7) *U(7) +X( I,8) *U(B) ) ACUT y N
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4380 IF(VOL(l).EO.B.0) GO TO 43
438L YI H ( I) = ( X( I,1) *1J C 1) +X( I,2) *tJ(2) ) /VIH
4382 YOU T ( I ) = ( X( I,3 ) *tJ( 3 ) +X C I ,4) *1J ( 4) ) /VOU T
4383 43 CONTIHUE
4384 40 CONTINUE
4305 C
4386 C C0t1PUTATIDH OF DERIVATIVES
4387 C
4388 YOUTCHEQ)= TOUT
4309 YOU T( HEO +HEO ) = VOL ( 2 )
4390 IF(VOL(1).EO.O.8) GO TO 61
4391 I F (H TYP E . E O . 0 ) GO TO 45
4392 C
4393 C EXTR ACTIDH SECTICH
4394 C
4295 C CCHVERT TO SOLVENT FREE VARIABLES
4396 C **** U-PU EXTRACTIDH
4397 C ALL COHVT1 (X T, XTBP, DEH0t%, DEH0t10)
4398 C ****
4399 C EQUIL C0t1POSITICH OF ORG PHASC
4400 C
4401 DO 42 I = 1, H C0t1P
4402 XSLF(I)=X(I,8)
4403 42 COMTINUE
4404 C ALL ORGPH C TOUT, XT8P, XSLF, D ISCO)
4405 DO 50 I-1,HC0r1P
4d6 50 YIDEAL C I) =XDUTE I)* DISC 0(I) *DEHOM0/DEH0t1A
4407 GO TO 46
4408 C
4409 C VAPOR-LIO SECTIDH
44l0 C
44LL 45 CONTINUE
4412 C ALL BO IL (TLOUT, XOIJT, YIDEAL)
4413 46 CONT!HUC
4414 DO 51 ! = l, H C0t1P
4415 TR ANS ( I ) = YI DE AL C I) -YOU T( I)
4416 DE RY( I) = (VIH +YIH ( I)-VOUT*YOUT(I) +xEXT* TR AtiS C I)) / CVOL C t )-vuL '2))4417 DERX( !) = t L IH *XIH ( I)-LOUT *XOUT C I) -KEXT* TRANS C I) ) /VE L (21
4418 51 COHTINUE
4419 DERYt HEO) = (HTL IN+HTVIN-HTLOUT-HTVOUT+HTEXT-HTVAP) /(TPLOU f*RH07*
4420 L VOL ( 2 ) + C PVOU T*RH 03 * C VOL ( 1 ) -VOL ( 2 ) ) )
442L SIGTRAH-0.0
4422 DO 53 I = l tlc 0t1P
4423 S IG TR A H = S IG TR AH +TP AH S C I) /R HO ?
4424 53 CONTINUE
4425 61 CONTIHUE
4426 IF (VOL(2).NE.O.8) GO TO 63
4427 C
4428 C STIPRED TAHK SECTICH
4429 C
4430 DO 62 ! = l , H C 0 t1P
4431 DERY(I)=0.0
4432 D ERY( I ) = ( L I H +X I H ( I) -LOUT *XOU T C I) ) /VOL (2 )
4433 62 COHTINUE
4434 DERYt HEO) = (HTL IH -HTLOUT+H TEXT] /(CPLOUT*VOL (2; )
4435 63 CONTINUE
4436 TOUT =YOUT(HED)
4437 C
4438 C CALCUL ATE RETURN VALUES
4439 C
4440 DO 70 I = 1 HC0t1P
4441 XD C I,7) = DERX( I)
4442 XD(I,8)=XD(I,7)
4443 XD(I.31-DERYCI)
4444 XDCI,4)=XDCI,3)
4445 70 COHTINUE
4446 TD(7)=DERYlHE01
4447 TD(8)=TD(7)
4448 TD(31=TD(7)
4449 TD (4) = TD ( 7)
4450 C
4451 C R E H At1E STREAM VARI ABLES AND COHVERT TO t1PT3 CONCENTRATIONS OF U-PU4452 C
4453 DO 91 J-3.4
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4454 X>C< ( 7, 31 = XD ( 4, J )
4455 XXX(6,J)=XDC3,J)
4456 XXX(5,J)=XP(2,J)v239.0
4457 XXX( 4,3 ) = XD C 1, J ) *23 0. 0
4458 X w 3,s,-o.0
4459 XXXC2,3)=TDlJ)
4460 XXXC1.J)=0.0
4461 91 CONTINUE
4462 DO S2 J-7,8
4463 XXXC7,J)=XD(4,J)
4464 XXX(6,J)=XD(3,J)

4465 XXX(5, J ) = XD ( 2, J ) *239. 0
4466 XXX(4.JJ=XDC1,J)*238.0
4467 WX( 3, J ) = 0. 0

4460 XXX(2,J)=TD(J)
44ft 9 XKXC1,J)=0.0
4470 92 CONTIHUE
44?! C
4472 C CALCULATE DUTPUT TO STREAri VARI ABLE FILE
4473 C
4474 [F C O N TP R O . E O . 0 ) CD TO 100
4475 5 ( . 0DTPRO,3) =U(3)

4476 100 IF (DUTSTO.EO.0) GO TO LO L
4477 S ( 1,0U TS TD ,3 ) = U( 4)
4478 101 IF LOUTPRA.ED.0) GO TO 102
4479 S ( 1,0U TP R A ,3 ) = U( 7 )
4480 102 IF ( D U TS TA . E O . 0 ) GO TO 103
4481 S(1,0UTSTA,3)=U(8)
4482 103 CONTIHUE
4403 DO 88 I 1 HC3
484 IFCDUTPRO.EO.0) GO TU ';3*

d485 5 (2,0U TP R O, I +2) =XXX C I,1)
1496 83 IF(OUTSTO.EO.0) GO TO 86
44E7 5 (2,00 TST J , I +2 ) =XXX( I,4)
441.8 86 IFCOUTPRA.EO.8) GO TO 87
4489 S (2,0U TP R A, [ +2) =XXX( I,7)

4490 87 IF(OUTSTA.EO.0) GO TO 88
4491 S(2,0UTSTA,[+2)=XXX(I,8)
4492 08 COHTIHUE
44S3 EP ( I M,1 ) = S ( 1,0UTSTO ,7) *VOL ( L ) +S ( 1,0UT3TA,7) *WL (2)
4494 R E TUR:|
4495 END

4496 SUBROUTINE BOIL (TOUT,XDUT,XIDEAL)
4497 C0 tit 10H / PROP /t1U(6), CPL (6. 6),CVA CG,6),ENT(6,6),ENVC6,6

4498 1, VAP (6,3 ) , U I (6,5 ) , DHL (6,6 )
4499 C0tt10H /PTAB/TPEF, R
4500 DIMENSIDH XOUT(10),YIDE AL(10),PVC 10)
4501 PVT =0.0
45 T' XT=0.0
4503 T-10 U T+TR E F
4504 DO 1 I-1,HCOMP
4505 P V( ! ) = E XP ( VAP ( I ,1) +VA P ( I,2) /(VAP ( I,3) +T) )
4506 PVT = PVT +PV( I) *XOUT(I)
4507 XT=XOU T ( I) +XT
4508 1 COHTINUE
4509 DO 2 I-1,N:0t1P
4510 YIDE AL ( I) =PV( I) / C PVT *XT)
45ti 2 CONTINUE
4512 RETURN
4513 END
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