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SCOPE AND CONTENTS

Steady state heat and mass balancing around an ethylene/ethane
distillation unit at Polymer Corporation, Sarnia is studied using the
CHESS simulation executive sysfem.

| The unit involves a single column with reboiler heat provided
by recompression of the overhead vapor stream.

A new column model is developéd, based on the gpproxima%e
pseudo-binary method of Hengstebeck, and is shown to givé good results
with marked savings in computation time over the conventional tray to
tray hefhods. Models for vapor compression and heat exchange are also
presented.

The system model is fitted to plant data and a routine developed
to obtain satisfactory system convergence.

A parametric study is carried out in which column pressure and
distillate product enthalpy are varied to demonstrate significant ‘
improvements in plant operation.

An evaluation of the CHESS simulation Sysfem~is presented.
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The CHESS Program

The CHESS program used in this. study is a proprietory computer
program written at the University of Houston by Prof. R. Motard and
his students,

Arrangements to make commercial use of This program should

be made with

TECH Publishing Co.,
4375 Harvest Lane,
Houston,

Texas 77004

In this study the folloWing equipment subroutines were
. modified:~
ADBF
HXER
The following new subroutines were created:-
ADD|
ADD2
ADD3
ADD4
ADD5
Industrial colleagues who wish to take advantage of these
contributions to the system need not have permission from McMaster

University; however Prof. A.l. Johnson would be interested in learning

- of experiences of users of these modified programs.
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. INTRODUCTION

It Background

The problem of steady state sélufion of chemical process
networks is frequently encountered in both simulation and design.
tn large systems, particularly those involving recycle streams, the
amount and complexity of calculation is usually large enough to
necessitate computer solution. A special case arises where the set
of equations describing the system ié linear, when a direct, -
'isimulfaneous solution may be obtained by matrix methods, but for the
~general non-linear system some iterative method must be applied to
achieve the final solution.

lﬁ recent years much attention has been directed towards the
modular approach to computation of such systems. The method involves
replacement of the physical process units by a network of equipment
subroutines or modules, each of which may represent a parf\éf group
of the original equipment units. Caléuléfion proceeds sequentially
through the network calculating each module in turn. Recycle loops
are handled by iferative direct substitution, continuing around the
foop until a convergence criterion is met. The calling of subroufines,
transfer of information and other control functions are handled by an
executive system. In addition to these basic functions the executive
may include convergence promotion routines, physical prOper}ies‘
handling schemes efc. Many modular executive systems have been

(1, 2) )

described , most employing the same fundamental algorithm and



differing mainly in their degrees of sophistication and areas of
application.

(2)

Past work at McMaster University has involved the

PACER (3), MACS I M (4), and more recently, GEMCS (5), systems., None

of these contain physical property calculation schemes., Partly for
this reason applications have centred around the massibalancing
aspects, rather than freatment of problems where superimposed heat
transfer interacts significantly with the system mass flows. Aizawa (&)
Ahas dealt wifh'simulfaneous heat and-mass balancing within distillation
columns in a PACER study of a styrene plant. However the study was not
concerned wifh inferactions of mass and heat flows external To the
column. A sTQdy by Petryschuk ¥ has also treated column internal
heat and mass balancingl A desérip+ion of the actual column in the
present ethylene/ethane separation unit was included but the study did
not deal with any aspects of the external vapor recompression cy;le.

In most petrochemical distillation operations the interchange
and internal recycle of heat within the system is of major impoffance
and directly interacts with column operation. Particularly in low
temperature systems, where refrigeration costs are high, considerable

benefits may be gained from study of the distribution of internal

heat and mass flowé.



.2 Study Objectives

The present study is concerned with simulation of interrelated
mass and heat flows using the modular approach. The ethylene/ethane
separation unit is a particularly suitable example since the vapor
recompression cycle involves high recycle of both heat and mass flows.
The simulation executive used is CHESS (8); chosen primarily for its
Integrated physical properties calculation package.

The sngy objectives can be summarized as follows:

a) To evaluate CHESS and iTé pfoperfy calculation feéfure,"
using The CDC6400 computer system.

b) 'Tovcreafe a mode!l to describe the superimposed heat
and mass balancing in the e+hylehe/e+hane separation unit.

c) To carry out parametric studies on the model to seek
improvement in the operation of the unit.

I+3 CHESS Simulation System

[.3.1 System Description
(8)

CHESS is a modular, sTeady state simulation system developed
by- the University of Houston. It is designed primarily for application
_ to hydrocarbon systems where there is considerable emphasis on phase
equilibria and enthalpy calculation, in addifion fo mass balancing.

ITs major feature is the cémprehensive physical properties calculation
package which is an integral part of the system, supplying K-values,
enthalpies, densities and bubble and dew point TemperaTures:for fiquid
or vapor mixtures. Properties are calculated by a set of géneralized

thermodynamic correlations, starting from basic puré component physical

éonsfanfs, which are pre-programmed into the system. Presently 65



components are available, Total stream enthalpy and vapor fraction
are calculated and carried as elements of The stream properties
vectors. To further facilitate physical properties handling an
adiabatic flash subroutine is inclgded in the system to handle routine
phase determination, ‘

1.3.2 .rmplemén%a+foﬁ‘dnfch64oo

(8)

CHESS was originally written in FORTRAN IV for the IBM360
system. The CDC6400 also employs a FORTRAN [V compiler; however a
moderately large number of syntactical changes to the programming
were necessary to achieve satisfactory compilation. Additionally the
élphameric data storage structure was altered as the CDC6400 stores
10 characters per word compared with 4 per word for the IBM360. The
CDC6400 NAMELIST data input feature will no% accept alphameric
characters so that changes to input data formats were also necessitated.
The full system was fpund to require in excess of |00 K (octal)
of central memory storage. Consequently CDC6400 OVERLAY techniques
were employed to reduce the sforége requirements to below 60K (octal),
necessary to take advantage of rapid daytime turnaround on the McMaster
system. The present OVERLAY structure is shown in Figure I.l.
Computation of any problem involves sequential loading of the 4 primary
OVERLAYs with the bulk of the calculation in OVERLAY (3, 0). Secondary
OVERLAYs are needed only when large equipment subroutines are used.
Hence the time lost through OVERLAY loading with the ﬁresénT structure

is minimal,

A full listing of the CHESS system is given ‘as Appendix IV,



MAIN OVERLAY (0,0)

COMMON DATA AREA,
DATA ZEROING

PRIMARY

OVERLAYS

(1,0) . 2,0 (3,0) (4,0)
DATA CHECKING AND f">EggéggE$TEQND DATA
INPUT INITIALISATION AR OUTPUT

SECONDARY! OVERLAYS

(3,1

(3,2)

FIGURE 1.1 - CHESS OVERLAY STRUCTURE
FOR CDC6400

LARGE EQUIPMENT SUBROUTINES




l.4 Process Describfion

The ethylene/ethane fractionation unit forms part of the
light hydrocarbon refining neTwérk at Polymer Corporation, Sarnia.
The unit flow diagram is shown in-Fig. 1.2,

The column contalns 60 Glitsch valve trays and operates at
200 psig to produce an ethylene overhead product stream of around
96% purity for styrene manufacture. The bottom ethane stream is
recycled to a thermal dehydrogenation furance. The unit operates as
a vapor recombression cycle invwhich reboiler heat is supplied by
_condensation of the compressed overhead vapor stream.

The feed,‘overhead product from the de-ethaniser column, is
an ethylene/ethane mixture containing a trace of methane and small
quantities of propylene and propane. The major part of the feed is
liquid, with a small additional vépor stream. The combined streams
enter on the 20th tray of the column; with approximately a 10% flash-
off of the liquid stream across the conirol valve, due to pressure
reduction from 350 psig. The overhead vapor stream is superheated
In the overheads exchanger, Cl13, by contact with the returning
liquid reflux. It passes through a surge drum, F40, and is then
compressed to 500 psig by single stage reciprocating compressors,
J42B and J54., The ‘bulk of the compressed vapor is condensed in
reboilers, C44 and C44A, to reboil the bottoms liquid, Thus providing
- vapor reflux return fo the column. The remainder is condensed by
_ ammonia refrigeration in the frimmer condenser, Cll4. The combined
condensate flows to a flash drum, FI03. Drum presshre is confrolled'a+

400 psig with the vapor flash-off going to the ethylene product line.



The liquid stream i's subcooled in exchanger, Cl13, a liquid product
stream is withdrawn and the remaining flow is fed fo the top tray of
the column as liquid reflux. This stream is still approximately at
flash drum pressure so that there is a flash-off of.around |0% across
the control valve.

Column pressure is maintained by a small bypass aroﬁnd the
compressors. Compressor discharge pressure is held by throttling
the exit stream from the trimmer condenser. The reboiler flow is
control led by throttling its exit stream and is adjusted to maintain
~a constant temperature on tray Il of the column. The liquid reflux

flow is controlled at a constant value.



- J42A, 454

>

FIGURE 1.2 . PROCESS FLOW DIAGRAM



2.  STEADY STATE SOLUTION OF PROCESS

2.1 Equipment Modules

The modular information flow diagram developed to represent
the process is shown in Fig. 2.l.  There is not an exact one-to-one
correspondence between equipment modules in Fig. 2.| and process
units in Fig. [.2. The equipment modules are summarized in Table
2.1, and the configurations representing the physical process units
are described in detail in subsequent éecTions.

Of the models employed, only the mixer, module 12, and valve,
module |3, are as originally supblied with the CHESS 8 system. The
adiabatic flash, modules | and 14, and the heafT ekchanger, modu les
3, 7, 8 9, 10 and I, are modified versions of the original routines.
The remainder of the models have been deveIoped for the present

simulation. Full listings of all model subroutines are given in

Appendix ITI.



FIGURE 2.1 MODULAR INFORMATION FLOW DIAGRAM



TABLE 2. |

EQUIPMENT MODULE SUMMARY

MODULE SUBROUTINE NAME FUNCTION
l _ADBF Feed flash
2 ADDI Coltumn
3 ' HXER Overheads exchanger
4 ADD3 . - Compressor
5 ‘ ADD4 Constant heat loss
6 V‘ ADD5 , _ Vapor divider & system convergence
7 HXER | Reboiler de-superheating section
8 HXER Reboi ler condensing section
9 HXER - Trimmer de-superheating section
10 ) HXER Trimmer condensing section
il HXER ' , Trimmer subcooling section
12 MIXR ~ Mixer
13 | VALV Valve
14 ADBF Flash drum
15 ADD2 Overhead product divider

16 ADDZ Bottom product divider



2.1.1 Column

The feed condition is computed by adiabatic flash, module 1.
An input enthalpy is supplied and the feed thermal condition is
calculated at the column operating pressure.

The column itself, module 2, is represented by an approximate,
pseudo-binary distillation model. The method is based on a design
oriented procedure developed by Hengstebeck (g), and depends on a
computed separation between fwo 'equivalénT keys'.

The use of a more exact tray to tray calculation technique
as used by Péfryschuk N was impractical for the present application.
The column model forms part of the overall calculation loop and the
computation time requirements for tray to tray calculations would have
been excessive, particularly in’view of The'large number of Ttheoretical
trays. A comparison of methods is presented in Section 2.4.2.

The algorithm for the column‘modeL is shown in Fig. 2.2, and
the calculaTionvscheme is detailed below. .

Two key components are cﬁosen from the feed (é+hy|ene and
ethane in the present case). For each the distribution ratio between
distillate and bottoms products is assigned an initial estimate.
Relative volatilities are calculated and a log-log relationship between
distribution ratio and relative volatility is formulated from these

two key values.

an (Y =c+c o ' 2. 1)
b | i

where C and CI are constants and d and b are the net overhead and bottom

producT flows of component 1, for which di is the relative volatility. -



For all ofhér components relative volatilities are calculated
and the actual separations are estimated from equation 2.1 and the
component mass balance |

fo=d +bo (2.2)
 where fi is the feed rate of componenT'i.

An equivalent binary separation is then computed for two
equivalenT keys which are>assembled from the feed components by the
following procedure. |

Critical ratios are defined for each key

d _ d d d :

I (P = g o+ 0.70n(E) o - an(E) ] (2.3a)
d _,ody o de oo oo

I (P gy = e o.7[zn(-b—) LK !Ln(B—)HK] (2.3b)

where subscrfpfs LK and HK refer to The fight and heavy keys and C refers
to critical values. |
Components with ratios befween these two critical ;élues are
treated as follows. For any light cémponenf the di and bi portions
are included wholly in the equivalent |ight key, and heavy components
are treated similarly.
Components with ratios outside the critical range are divided
into key and non-key portions. For light components bi is estimated
from equations 2.1 and 2.2 and is multiplied by the light key critical
ratio frqm equation 2.3(a). The product is taken to be the di

contribution to the light key. The bi contribution is zero.

i.e.
). (2.4a)



(bi)ELK =0 | (2.4b)
where subscripts ELK and EHK refer to the equivalent light and heavy
keys. Heavy components are treated similarly.

The equivalent binary feed and product compositions are

estimated by a summation of the key contfributions.

Xe = [|§I(d +b, ]ELK/([IEi(d +b, )]ELK + [;Zl(d +b. )]EHK (2.5a)
Xy = [|§|(d )]ELK/([ Z|(d )]ELK + [,Z|(d )]EHK (2.5b)
Xg = C Z (b, )]ELK/([ Z (b. )]ELK + Z (b, )]EHK (2.5¢)

=1 = i=1

where Xer X and Xg are the quivalenT light key feed, overhead and
bottom mole fractions.

Constant molal flows are assumed for each column section.
Then for‘given'infernal reflux rafio and feed Thermalicondifion the
theoretical fray requirements for recfifying‘and stripping sections
can be estimated from the McCabe Thiele procedure (fO)_ For computer
éalculafion it is convenient o adopf an analytical modification such
as that proposed by Stoppel (II).

The overall procedure is applied iteratively, changing the
estimated real key separations until the calculated fray requirements
balance the number specified for each column section. Actually the
change in key separations is achieved by changing in turn fhe slobe
and intercept of the line given by equation 2.1I. ‘fhe convergence

_technique is reguli-falsi (12).



At convergence the total saturated liquid and vapor exit flow
rates are calculated from the final di and bi values by overall mass
balance.

vi; = (R+1) d, (2.6a)

2.y = [R i§I<d’i) + F(Ie¢)]bi/[ig‘(bi)] (2.6b)
where Vi and ziN aré component vapor and liquid fiows from the top
and bottom trays (1 andN). R is The internal reflux ratio, F is the
total feed rate and ¢ is the feed vapor fraction at column conditions.

Exit temperatures and enthalpies are calculated at saturated
condiTions; An overall column heat balance is calculated but with
the model assumption of consfan% molal overflow there is no satisfactory
means of simultaneously imposing it on the mass balance.

For the first application of the model a supplied reflux ratio
is used. To ald convergence a 10% increase in overhead vapor flow due
to liquid reflux flash-off is agéumed. On sdbsequen+ applications the
reflux ratio is calculated from the ltiid or vapor reflux return.

In general neither stream is at saturated conditions and an enthalpy
balance is used to correct flows to saturated conditions and estimate

the vapor flash-off. The reflux ratio is then estimated by overall

mass balance. ‘
R = L/D (2.7a)

L
ne = (V- Fp) /D=l 2.
v ’ :
where L and V are saturated total liquid and vapor reflux flows and

.D is the total net overhead product flow.
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COMPUTE  SATURATED
REFLUX FLOW

[,

\

SET UP RELATION

dy _
zn(BJi =c+ clzn a;

FOR ASSUMED KEY SPLIT

\

CALCULATE EQUIVALENT PSEUDO-
BINARY SEPARATION BY
HENGSTEBECK'S METHOD

OBTAIN TRAY REQUIREMENTS
FROM STOPPEL'S METHOD
COMPARE WITH SPECIFIED VALUES

" HAS
CALCULATION

CONVERGED

COMPUTE NEW KEY
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COMPUTE || |
CONTROL TEMPERATURE AND.
COLUMN HEAT BALANCE

Th TRav

4

STORE VALUES TO
INITIATE SUBSEQUENT
CALCULAT IONS

FIGURE 2.2

COLUMN MODEL ALGORITHM




The total liquid and vapor exit flows must subsequently be
ad justed for this vapor flash-off.

2.1.2 Heat Exchangers

All exchangers in the network represent various modes of
operation of a éingle heat exéhanger model. The basic structure of
the present model is that of the originally supplied CHESS <&’
version. However iTuhas undergone extensive modification, both fo
achieve satisfactory convergence and to permit additional modes of
operation. The algorithm is based on a constant overall heat transfer
coefficienT; In the general case it involves iferation unfff The
driving force calculated from stream ftemperatures corresponds to that

computed from the heat duty.

i.e. | _ : :
AT,y = Q/(UA) (2.8)

where ATLM is the logarithmic mean driving force, Q is The heat duty,

U is the overall heat transfer coefficient and A is the heat fransfer
area. -

Exit femperatures are deTermfned by adiabatic flash at
enthalpies corresponding to an esTimaTed value of Q. The driving
force is calculated from inlet and exit temperatures, with appropriate
correction factors for configurations other than simple counterflow.
Direct calculation, as in the 'effectiveness factor' approach ({3), is
not possible as the assumption of constant heat capacities is in most

cases not valid and is incompatible with the system physicél pfoper+ies

scheme.



The configurations representing the individual process
exchangers are described below.
(a) Overheads exchanger - CII3~
| This corresponds fo module 3 and represents the normal
iterative calculation.
(b) Reboilers - C44 and C44A

The two reboilers are identical units operating in parallel
and were treated as a single unit, represented by modules 7 and 8.
These correspond to the de-superheating and condensation of the
ethylene vapor. Separate modules were employed as the heat transfer
‘fluxes are widely different for each of the processes.

For the de-superheating section the heat exchanger area was
calculated, rather than speciffed, fo bring.fhe incoming vapor stream
to its dew point. No iteration is necessary. The condensing section
was calculated in the normal iterative mode with fhe remainder of the
total reboiler transfer area. —
(c) Trimmer condenser - Cll4

Modules 9, 10 and Il represent the de-superheating, condensing
and subcooling of the inlet vapor stream. There is no second input
stream; the shell side of the exchanger is assumed fo be at constant
temperature corresponding to the evaporating ammonia refrigerant.
Modules 9 and 10 are direcf calculations (as for module 7 above),

'. bringing the ethylene stream +o its dew point and bubble point
respectively. Module 11 is calculated iteratively using the residual

exchanger area, as for module 8.



2.1.3 Compressors - J42B and J54

The compressor model, module 4, is based on the polytropic
relation (14)

PVY = Constant (2.9)

where P is The stream pressure, V Is the volumetric flow and y the
polytropic compression coefficient.

| [feration prdceeds; adjusfipg the exit temperature unfil the
value of PVY at inlet condi%ions matches that at the exit. The value
of y was assumed constant. Convection heat loss from the uninsulated
compressor discharge line was modelled by module 5, representing a
constant heat flux to the surroundings;

2.1.4 Surge and Flash Drums - F40 and FI03

Heat gains to both insulated vessels were estimated from
surface temperatures and found fo be negligible. For steady state
simulation the F40 surge drum fulfils no function and was neglécfed.

The vapor flash-off in the FI03 flash drum was repr;senTed by
a combination of the adiabatic valve, module |3, representing the
pressure reduction, and the adiabatic flash, module 14, which computes
the liquid and vapor separation. | | '

2.1.5 Vapor Divider

The division of compressed vapor flow between reboiler and
trimmer condenser was represented by a linear splitter, module 6.
The module alsc conTaiﬁs a control routine which adjusts the fléw
split to achieve the specified control temperature for column tray II;

System convergence is handled by this routine rather than the CHESS
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system convergence routines which were found to be inappropriate to

the present simulation, as will be seen in Section 2.3.

2.1.6 Product Dividers

To ensure a complete system mass balance it was found necessary
to remove as product streams exactly the net product component flows
calculated by the column model, ie, the di and bi vatues., Otherwise
component build-up or decrease was found to occur during successive
calculation loops. |

Module 16 places component flows bi info its first output.
Module 15 removes flows such that the combined flow in the quuid’and
vapor distillate product streams is equal to di for each component.

2.1.7 Condensate Mixer

~Module 12 performs an adiabatic mixing of its two input
streams, using the adiabatic flash routine,

2.2 Equipment Module Convergence

The column, adiabatic flash, heat exchanger and compressor
routines all involve iterative calculafion with consequent convergence
problems. The objective functions are in all cases dependent on values
supplied by the physical properties calculation package, making

di fficult the use of root finding techniques such as Newton Raphson ('2).

Forms of reguli-falsi (12)

were employed in all cases and were found
to be reliable and to involve a min}mum of programming. In difficul®
cases where the rate of change of objective function slope is large in
the region of the root, reguli-falsi was combined with a stepping

procedure which was used to initiate calculations. Stepping was

continued until the root was bracketted, ie. values were obtained on
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both sides of the function zero. Calculation then continued using
reguli-falsi, always obtaining a new point from two points on dpposife
sides of the root. Some loss in efficiency results in some cases but
the modification ensures stability under all conditions, which is |
essential for this type of application.

Values from model calculaffons in previous loops were, where
possible, used to initiate iterative calculations. Considerable

reductions in computation time result.

For a clearef undersfanding of the overall system calculation
it is convenient to simplify the information flow diagram to that
shown in Fig. 2.3. The sysfém reduces to an overhead loop and a
bottom loop, connected by the heat transfer across the reboiler and
the mass balance relations for the column. A fraction, X, of Thg
overhead stream is condensed in the reboiler with the remainder being
bypassed to the trimmer condenser. The vapor reflux and hence The
internal column reflﬁx ratio is directly deftermined by the heat
transfer across the reboiler.

Calculation begins with the column feed flash, followed by the
column itself, using, only for this first application, a specified
reflux ratio. The overhead calculation loop can then be complefedlfo
obTain-a value for the liquid reflux return, from which the reflux ratio
is calculated for a further column calculation. The boTTom'loophis_
completed, returning to the column, which is recalculated using the

vapor reflux to determine the reflux ratio. The sequence of equipment

module numbers for the general overall calculation loop is -
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2,3, 4,5,6,7,8,9, 10, IIl, 12, I3, 14, 3, 15, 2, 16, 8, 7.
Initial values must be supp!{ed for the bottoms streams to bo+H reboi ler
sections and convergence is aided by specification of initial values
for the return condensate stream to the overheads exchanger.

The overall calculafion sequence given above involves fwo
column calculations per loop, with reflux ratio calculated alternately
from the liquid and vapor reflux streams. For each calculation the
II-rh tray control temperature is computed and with increasing number
of loops the femperaTures estimated by both column modes appfoach a
single constant valuel The system behaviour is shown in Fig. 2.4,
where fthe control TempéraTUEe and corresponding reflux ratio, calculated
using the vaﬁor refluk, are plotted against loop number with fraction
split to the reboiler, X, as a parameter. For low X values the solution
continuously decays (ie. system flows decrease), since the flow to the
reboiler remains too jow to maintain a condensing section driviég force
high enough for adequate vapor reflux generation. AT high X va{ues the
sensitivity of the sysfem‘fo changes in X is very low and oscillatory
behaviour results. The response éf the converged value of control
temperature to X is shown in Fig. 2.5, for the region in the vicinity
of the final solution. The sharp change in slope coincides with the
overhead stream leaving the reboiler at bubble point. Whilé the exit
stream contains some vapor, its ftemperature is relatively insensitive
To small increases in heat. transfer. However once the stream reaches
bubble point a small increase in transfer causes an apprec{able‘fall
in exit temperature and condenser driving force; as the condensate

‘becomes subcooled.
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The system convergence routine simulates the plant control
scheme by adjusTing‘fhe fraction flow to the reboiler fo reach a
pre-specified JITh tray control temperature. For any X value iteration
continues, following the curves in Fig. 2.4 until the fractional
temperature change befween successive loops is sufficiently small
(0.015°F). The X value is changed and the procedure repeated,
continuing until the specified confrol femperature is met. New X
values are obtained from the stepping reguli-falsi technique outlined
in Section 2.2, following the curve.in Fig. 2.5.

The CHESS convergence testing routine requires all eiemenfs
of the stream properties vectors for all streams to have a fractional
change between successive Idops,less than a prescribed value. There
is no provision for testing of4selecfed streams and/or properties.
The scheme is not applicable to the two stage convergence routine
developed for the present simulation.

An average of around 25 loops Is needed to con&erge the
system to a tolerance corresponding to approximately t0.2% variation
in unit flows. ' The average loop time on the CDC6400 is around 12
séconds. It is estimated that approximately half of this is used in
physical property calculation; in particular within the adiabatic
flash routine which the system relies upon for phase determination and

estimation of temperature within the two-phase region.
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2.4 Base Case Parameter Determination

~2.4.1 Plant Data

Polymer Corporation has supplied a set of recent operating
data including flow rates, process temperatures and pressures and
product analyses. Data were supplied for a four day period over
which operation was reasonably steady. For purposes of parameter
estimation data were averaged to minimise errors due to inaccurate
recording and equipment fransients. For a number of streams
measurements were unavailable and data were estimated from ofher
supplied values. Equipment details were also supplied and are given
in Appendix I. The estimation of equipment parameters for the base
case is summarised in the following secTions: A full set of base
case flows, temperatures, preséures and mode! parameters, together
with a tabulated comparison of resultfs with plant data are given in
Appehdix II.

2.4.2 Column . | -

The numbers of theoretical Trayé in each column section were
adjuéTed To match product compositions. The results were compared,
%or equal reflux ratios, with those from the tray to tray direct
iteration program used by Petryschuk (7). The resdlfs are summarised
in Table 2.2.

The tray to tray model does not use the CHESS physical
properties package so that differences cannot wholly be ascribed fo
‘ the calculation methods. However it was demonstrated that the McCébe
Thiele assumption of constant flows in each co fumn section was justified;

~the maximum variation was around 7% for stripping section flows.
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Accurate comparison of total Time requirements is difficult as the
number of iterations to convergence depends largely on iniTial.values,
but it is evident that a considerable time saving results from using
the approximate model. In fact the Tfme di fferences would be still
~greater if the tray to tray model had employed generalized correlations
for properties rather than simplified regression expressions. There
appears to be little loss in accuracy and an important saving in
computer storage is also realized.

The overall rectifying secf{on efficiency is 70% froﬁ the -
results. Hence the Il1Lh actual tray, on which the control ftemperature

is measured, was taken as the 7.7Jrh theoretical tray (Stoppel's (n

analytical modifica+ion of the McCabe Thiele (o analysis permits
specification of fractional Trays); The control temperature value
required to converge the system fo the base case conditions was within
0.5°F of the plant value.

At convergence the error in the computed overall cglumn heat
balance represented a loss of 63,000 BTU, approximately 2.5% of the
overhead Vapor stream enthalpy. In fact, since the column femperatures
are well below ambient, there should be a small gain in heat through
the insulation. This discrepancy probably results from small

deviations from the assumption of constant mole flows in each column

section.
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TABLE 2.2

COMPARISON OF COLUMN MODELS

VMODEL ACTUAL TRAYS THEORETICAL TRAYS  CALCULATION TIME/ ITERAT ION
RECT.  STRIP.  RECT. = STRIP. FOR CDC6400-SECONDS
Tray to Tray 20 40 15.5 23 0.4
Pseudo-Binary 20 40 14 21 0.1

2.4.,3 Compressor
The polytropic compression coefficient was matched fto the inlet
and discharge compressor temperatures. The subsequent heat loss from

the discharge line was estimated from a measured temperature drop.

2.4.4 Heat Exchangers

The overheads exchanger heat fransfer coefficient was estimated
from well known correlations (15) for shell and tube side film coefficients,
at the estimated flows. The unit is oversized for iTs'preggnf duty.

I+ has a |~-4 configuration; hencé the two streams exit at almost equal
temperatures which aré‘insensiTive to coéfficienf values. The estimated
coefficient produced an exit reflux temperature within 2°F of the plant
value. »

Overal | coefficients for the three trimmer condenser sections
were again estimated from correlations. No operating data were
available to verify each value but under normal operating conditions
the exchanger is oversized.so that its performance is insensitive to

coefficient values.
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The estimated coefficient value for the reboiler de-super-
heating section combined with the high driving force to predict a
very high heat fluk for this section. The area required was less than
10 of the total reboiler area so that the de-superheating coefficient
has a small effect on the overall reboiler operation. The condensing
section however operates with a very low driving force and transfer
is controlled by a low shell side boiling coefficient. This
coefficient is difficult to estimate accurately but is the critical
value in deTekmining the quantity of vapor reflux produced.'yHence
the coefficient was set to produce the required vapor reflux.

2.4.5 Parameter Errors

I+ is difficult to estimate errors or further validate model
parameters without a more compiefe set of plant data. This should
include temperature profiles along exchangers, necessary to accurately
fix coefficient values for exchanger sections. Data represenTihg a
different range of operation would have been useful iﬁ establishing

the range over which the base case parameter set was accurate.



3.  PARAMETRIC STUDY

3.1 'Statement of Problem and Objectives

Improvement in the function of the unit may be achieved by
reducing operating costs and/or increasing the recovery of ethylene.
The present study will be directed towards a reduction in operating
cost although the eThYIené recovery problem is briefly considered in
Section 3:2;

The hajor operating costs are those associated with éhmonié
refrigeration and vapor compression; both functions of the following
variables:‘

a) Column pressure

b) Internal reflux ratio

c) Compressor discharge pressure
d) Flash drum pressure

e) Distillate product enthalpy
The following consfrain%s are imposed by the process-
i) Column Pressure |

The upper limit isaround 350 psig, the feed pressure.

The lower limitis determined by a combination of the following
criteria -

a) Excessive volumetric flow to the compressors. For positive
displacement machines the compressor speed is d(recfly
proportional Té the volumetric throughput. Even if there
is no increase in power reqguirements mainjenancé costs

Increase with speed.
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b) Flooding and/ér excessive entrainment due to increased
column vapor velocities.

i) Internal reflux ratio

The reflux ratio must be sufficiently high to maintain the
desired ethylene overhead product purity.
iii) Compressor discharge pressure

The pressure should be just high enough to provide sufficient
driving force across the reboiler to maintain the desired column
reflux ratio.
iv) Flash drum pressure

The pressure must be between column and compressor discharge
pressures. The upper value is further limited by pressure losses
across control valves on the reboiler and trimmer condenser exit lines.
Sufficient pressure must remain to overcome the loss across the liquid
reflux control valve and the hydrostatic head due to column heighT;
v) Distillate enthalpy i ~

Distillate can be withdrawn from the present system as vépor
from the flash drum, as liquid through a bypass around the overheads
exchanger, or as liquid after this exchanger. As will be demonstrated
later it is advisable to withdraw distillate streams such that. their

combined enthalpy is as high as possible.



A rigorous minimization Qf operating cost with respect to
the above operating variables is possible through a multivariable
search technique such as Hooke & Jeeves (IG). However problems are
envisaged with the constraints and a suitable objective function is
Adeficulfifo formulate due to the interaction of the unit with the
overall refining network. The following simplified analysis does
however point to significant reductions in operating costs for several

changes to current operating conditions.

3.2 Presentation and Discussion of Résulfs

The following simplifying assumptions were made :-
a) Feed conditions were constant
b) Overhead product purity was constant
c) Compressor discharge préssures were adjusted to the
minimum for adequate reboiler heat transfer
d) Flash drum pressures were set to constant fractions
of the compressor discharge pressures | -~
e) Base case model paramefeés were assumed constant
over the range of investigation. Some variations in
heat ftransfer coefffcienfs, tray efficiencies etc. must
be expected. However changes in important flows were
smal | and the results are intended to establish unit

improvement trends rather than to provide precise values.

Column pressure was varied between 175 psia and 225 psia for

three operating configurafions; as summarized in Table 3.1.
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TABLE 3.1

OPERATING CONDITIONS FOR PARAMETRIC STUDY

COLUMN  COMPRESSOR P /P *
PRESSURE DI SCUARGE FLASH'"COMPR.  LIQUID DISTILLATE TAKE-OFF
Psia psia  CONFIGURAT [ON L CONFIGURATION
- A B c A B c
175 415 0.80  0.80 0.7 a b b
200 475 0.80  0.80 0.7 a b b
214 505 . 0.80 0.80 0.7 a b b
225 535 0.80  0.80 0.7 a b b

% .
a = Affer overheads exchanges, b = Before overheads exchanger

Base case configuration

The operation of the column model; for a given feed, depends
solely on the internal reflux ra%io; For the ethylene/ethane system,
reduction in pressure results in significant increasé fn relative
volatility. Hence for constant product purity the reflux ratio can
be reduced with pressure as shown in Fig. 3.1.

Figs. 3.2 and 3.3 show the variations in compresso;mpower and
refrigeration load with column pressure for the three configurations.
The compreséor power is computed from the enthalpy change between
inlet and discharge. The major effect on the compressor power
requirement is the reduction with column pressure corresponding to
decreased molar flows at the lower reflux ratios. For a given column
pressure the rectifying section vapor flow is fixed but Thefe is a
"significant increase in vapor flow across the top tray due to liquid

reflux flash-off. The magnitude depends on-the amount by which the

reflux specific enthalpy is above that for saturated conditions at
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top tray femperature and pressure. As long as there is some bypass
of compressed overheads around the reboiler it is highly desirable
to reduce this flash-off. AIT adds directly to the bypass flow and
consequently requires both additional compression power and refrige-
ration. The desirable reduction in liquid reflux enthalpy can be
achieved by either - (a) achieving an additional cooling duty in the
overheads egchanger or - (b)'wiThdrawing the overhead product at a
higher average enthalpy.

Under present operation the overheads e%changer has more than
adequate capacity and the cooling duty is limited by the aTTéinablé
reduction ijh the -4 egchanger configuration. One point (214 B") is
~given in Figs; 3,2 and 3.3 to demonsfrafe the effect of changing to
a -1 counterflow confjguraTLon: The reflux cooling is increased with
a small reduction in flash-off and compressor duty. However overhead
vapor enthalpy is increased by the greafer ekchanger duty, wiTh'TEe
result that a smaller flow to the reboiler is required: Hence the
refrigeration load is slightly increasea;

Improvement (b) can be achieved by either removing the liquid
errhead product through the overheads exchanger bypass (B), or
increasing the vapor product flow from the flash drum (by reducing its
pressure), or both (C). The resultant savings can be seen fo be
particularly marked for C. The maximum cost saving is around $6000/year;
estimated from steam and cooling water costs for ammonia refrigeration

and fuel costs for the gas fueled compressor drivers.
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It should be-noted that the refrigeration load in particular
is very sensitive to the compressor discharge pressure which should
therefore be.very closely controfled.

The present operation uses the liquid portion of the distillate
product for refrigeration in another uniT; However; this is in effect
produced by high cost ammonia refrigerafion: [+ would be mofé economical
to employ the maximum take-off of distillate product as vapor and replace
the loss in refrigeraftion from an ekisfing lower cost propane sysTem:

The variations in compressor and column volumetric flows are
shown in Figs. 3;4 and 3:5: At 175 psia; for configuration C; the
increase in compressor volumetric flow is around 5%, which is within
the design capacities of the present compressors; The corresponding
increase in rectifying section Qapor velocity is around 10%. It is
doubtful whether this magnifude of increase is possible with present
flows without adversely affecting column operation. The best column
pressure for operating cost reduction is therefore somewhere below
the present value, as |imited by-cojumn hydrodynamics., |

The above study has been concerned only with reduction in
operating cost. However ethylene is a valuable product so that
considerable profits are to be realized by reducing the ethylene loss
in the bottoms stream. This can be achieved by a reduction in column
pressure while maintaining the reflux ratios above the consfanf
composition values, used above. The situation is showﬁ'ih Fig. 3;6.
With the higher reflux ratios however, the same reductions in total
flows cannot be achieved to give the resulfaéf savings in operating

costs. Additionally the limiting column vapor velocities will be



reached with much smaller reductions in pressure. Economic
considerations. indicate a compromise between the two objectives.

The further invésfigaTion is beyond the scope of the present study.
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4, CHESS SYSTEM EVALUATION
(8)

The CHESS system in its present form was well suited to
the present study. The physical properties package, especially. when
used in conjunction wifﬁ the adiabatic flash routine, wés a powerful
and readily manipulated tool. Values are accurate but the system
requires considerablé'compuTaTionaI effort in its calculaftion of
properties from basic pure component data on all occasions. _The Time
requirement for the present prbcess.was‘nof excessive on the CDC6400
but could easily become so for a slower computer or more complex process.
Tray fo Tray calculations for the column model would have been imprac-
ticable for this reason. In oThér studies it may be desirable to
calculate physical properties from simpler regression type expressions,
valid over a particular range of interest,.

Considerable modification, particularly of convergence routines,
was necessary for satisfactory oberafioh of the adiabatic flash and
heat exchanger models, This points fo +He problems involved in writing
sophisticated routines for completely general application. The data
structures for equipment subroutines and physical properties were well
‘designed to facilitate programming of new models.

It was necessary to write a system convergence routine for
the present study. The Wegstein convergence promotion scheme included
in the present system is of doubtful value. Hence for man% casés it

may be beneficial to modify the system to permit the inclusion of user

written convergence testing and promotion routines.

44



The data input and oufpuf and output formats for the system

were found excel lent.

A major disadvantage is that water is not available as a
liqufd component (due to its non-ideal behaviour) in the present
physical properties package so that CHESS may not be applied to

aqueous systems.

In conclusiop, the CHESS system is best suited fo detailed
process simulation or design studies of hydrocarbon systems where
accurate physical property estimation is essential. In such cases
the system éan be used to considerable advantage provided that a

moderately large usage of computer time is possible.

45



5. CONCLUSIONS AND RECOMMENDAT IONS °

5.1 Simulation System and Equipment Mode |'s

The CHESS simulation system has proven most satisfactory for
the modelling of the ethylene/ethane distillation unit.

Convergence problems within equipment modules and for the
overali system were dVercqme by employing modified Feguli—falsi (12)
fechnidues. The CHESS system convergence testing and promotion
routines were bypassed and it is suggested that both be either removed
or modified to permit greater flexibi|i+y of operation.

The'accuracy and user convenience of the CHESS physical
‘properties system were found excéllenT for the present study.
Calculation time for property estimation was not excessive on the
CDC6400 but could well be a problem with larger process networks and/
or slower computers. It is recommended in such cases that approximate
methods, accurate within a rahge of'infereST, be employed.\x

The approximate, pseudo—binary column model proved much faster ‘
than conventional tray to tray calculation methods, with little loss
in accuracy. The use of such a model would be parffcularly valuable
for studies where modelling of the column(s) involved is not the major
objective, or where computation time is at a premium.

5.2 Plant Operation

The two most important aspects of the operation of the unit
- were found to be - (a) the critical heat transfer across the condensing

section of the reboiler, and (b) the flash-off of liquid reflux as it
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enters the column. These points in particular demonstrate the strong
interaction between heat and mass flows within the unit,

More comprehensive plant data is necessary to further validate
the model. The parametric study did however indicate significant
savings in operating costs to be gained by making the following changes
In unit operation.

a) Column pressure should be reduced until hydrodynamic

limifaf}ons occur.,

b) Distillate liquid product should be withdrawn befofe,

rather than after, the overheads exchanger. .

¢} The proportion of vapor distillate product should be

increased by a reduction in flash drum pressure.

The present parametric éTudy was directed solely towards
operating cosTvreducfion. However increased ethylene recovery is
a further important consideration. In fact the most economic
operation of tThe unit would be determined by a compromise between

these two objectives and presents an area for further invesfiga+ion.



NOMENCLATURE

All flows are in moles/unit time unless otherwise specified
=~ Heat transfer area |

- Bottom product combonenf flow

- Bottom product total flow

- Constants

- Overhead product component flow

- Overhead product total flow

- Feed component flow

~ Feed tfotal flow

- Stripping section componeﬁT liquid flow

- Rectifying section total liquid flow

- Pressure

- Heat exchanger duty

- Column internal reflux ratio ( = L/D )

- Exchanger logarithmic mean temperature driving force
- Overall heat transfer coefficient

-~ Rectifying section component vapor flow

-~ Volumetric compressor flow

- Stripping section total vapor flow

- Mole fraction

- Fraction flow to reboiler
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Greek Symbols

- Relative volatility

- Polytropic compression cdefficienf

- Feed vapor fraction

- Refers o bottom product

Refer to critical values for light and heavy keys

to overhead product

Refer fo equivalent light and heavy keys

a
Y
1
: SUbscrist
B
CL,CH—
D - Refers
"ELK, EHK-
F - Refers
HK - Refers
i - Refer;
L - Refers
LK - Refers
n - Refers
v ~ Refers

to feed

To heavy key

To specific component

to rectifying section total liquid flow

to light key
to total number of components

to stripping section total vapor flow
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[.I COLUMN

Column height

Column diameter

Tray type

APPENDI X I

EQUIPMENT DETAILS

- 106 ft
- 4 ft. 6 in.

- Glitsch valve

Total number of trays - 60

Tray spacing

- 24 in. above feed, 18 in.

Feed tray number - 20

[.2 HEAT EXCHANGERS

I TEM
Type
Horizontal
Tube side fluid
Shell side fluid
Tube passes
Shell passes
No. of tubes
Tube diameter
Pitch
Tube length
Transfer area

Heat duty i

%

TABLE I.I
HEAT EXCHANGER DETAILS

REBOI LER TRIMMER CONDENSER
Kettle-U tube Kettle-U tube
Yes Yes
Overheads Overheads
Bottoms Bottoms
2 2
I I
1012 352
34 in. 3/4 in.
| in. - O | in. - 0O
16 ft.% 16 ft.
6060 12" 1100 £+2
4.85 |.34

For single exchangers, C44 and C44A

*
Includes both C44 and C44A

i For Base Case - Units of

IO6 BTU/hr

below

OVERHEADS

Floating Heat -
Finned tube
Yes

Re flux
Overheads

: ,

I
388
3/4 1n.

I5/16 in. - A

12 .
725 12
0.44



1.3 COMPRESSORS

53

The J42A and J54 compressors are both single stage

reciprocating units driven by gas engines.

Design speeds for the

units are 320 and 320 rpm respécfjvely. Speeds reported for the

data period were 315 and 260 rpm.

I.4 SURGE & FLASH DRUMS

TABLE 1.2

DRUM DETAILS

DRUM SIZE
Surge Drum (F40) 15 ff. x 6 f+..D
Flash Drum (F103) 20 ft. x 6 f+. D

INSULATION
3% in. Foam glass

3% in. Foam glass



APPENDIX II

BASE CASE. DESCRIPTION

I1.1 Equipment Parameters

 The relevant equipment parameters for the base case are

summarized below.

a) Column -

‘Rectifying section theoretical trays 14
Stripping section theoretical trays 20
Average operéTing pressure v 214 psia

" Pressure drop for each section ' 2 psia

Control temperature for IIfh actual fray -31.5°F
b) Heat exchangers -
TABLE II.I

HEAT EXCHANGER BASE CASE COEFFICIENTS

EXCHANGER SECTION MODULE NO.  OVERALL COEFFICIENT
OVERHEADS - 3 45.0
REBOILER  DE-SUPERHEATING 7 120.0
REBOILER CONDENS ING 8 66.0
TRIMMERT  DE-SUPERHEAT ING 9 40.0
TRIMMER CONDENS ING 10 120.0
TRIMMER® SUBCOOL ING [ 45.0
* BTU/HR FTZ °F
¥ Ammonia side temperature constant at - 18°F (I psig)

54



55

c) Compressor -
Polytropic compression coefficient 1.3l
Discharge pressure 505 psfa
Heat loss from un-insulated discharge line 0.15 x IO6 BTU/hr
d) Flash Drum -

Operating pressure 405 psia

I1.2 Stream Information

Streams may be identified through the process matrix which

precedes the stream summary. The sign convention used is -

tve for equipment inputs

-ve for equipment outputs

The entry EQUIP. CONXION in the stream summary also identifies
the streams by giving the numbers of the equipments which the given

stream connects.



FINAL RESU. TS
C? SPLITIER SYSTEM « P2214 (A} (RASE CASF)

STREAM SUMMARY

SYREAM NUMREK H 2 3 L s
FQUIP, CONXTON FR 0 10 1 FR 1 To 2 FR 270 23 FR. 1 10 & FR &4 10 S
VAPOR FRACTION 2618 2616 1.0000 1,0000 1.0000
. TEMPERATURE s R 4#38,5000 %3A8,5000 423,157 469 ,5344 $70.033)
TTPRESSURE. PSTA 21,0000 rdtriiiay ZT27T000 212.0000 SUS, U000
FNTHALPY, BTU «AOTS574,9100 «B07574.,09100 24K89509,3353 2931791,4679 4370208,3522

COMPOSTTIONs LRB-MOLFS/HOUR

C2 SPLITTER SYSTEM = Pa2la (A) (BASE CASE) 5
ME THANE 2,2000 2.2000 10,4472 10,4473 10,447)
PROCESS VECTORS TUUFTHYLENE T TR 08 0000 T TTTTUY08,0000 T T U 18Y8,80387 0 AN, A0 U UTUIAIR 4038
- FIHANF 217.0000 27,0000 45, ToR) 45,7681 45,768}
secese EOUIPHENT o0vaes STREAM NUMBERS PROPYL ENE 12,0000 12,0000 000 0000 .0000
—RUMAFT SUBROUTTNF— NANE PROPANF +ROO0O «A000 0000 «0000 0000
1 ANAF FFLS 1 -? '3 [ 0 TOTAL S38,0000 S3A,0000 149 ,618R 1494 ,6143R 1494,61R8
2 ADD) HCOL 2 20 2% ) =21
¥ HXER TREX E Tr - adk £ o
“ ADDI cnme “ -5 ] o 0
5 ADDA 00-1 5 -6 o6 0 0 )
STREAM NIMBER L 7 a 9 10
L] x00S ynve TS -107 0 0 L
FQuie, Contion FR S 10 & FR 6 10 7 f@ 7 10 8 FR R T0 12 FR 610 9
T HXER HHDS 7 24 -8 =25 0 VAROK FRACYTON 1.0000 1,0000 1.0000 0,0000 1.0000
TEMPFRATURE . R BRF TA8 T " TTTRBZ L TADE T T T RTE L0437 T T T ETATAILT T T SRZ TN T T
L] HXER RACO L] 23 -9 =p4 0 PRESSURF s PSTA $0%.0000 50%5.0000 505,0000 505,0000 50%.0000
FNTHALPY, BT 4220208,3522 1532005,2233  1799801.8225 =2323039.0665  690177.9166
T HXER T T UTRDS T T 10 -1 n o ]
. COMPUSETTONG LR=MOLF S/HDUIR
10 HXER 12C0 11 =12 0 [ b
: RETHANE = =T g e Ty RO WITREZ T R TR 7092
11 HXEW TRSC 12«13 o 0 [ ETHYL ENE 14d8,6034 1203.973% 1203.9735 1203.973% 23%.3328
E THANE 65,768) I, 2226 38,2226 d8,2226 T.a711)
T MR TTRWY YTy = e T PROPYLENE #0000 « 0000 «0000 20000 «0000
PROPANE 20800 +0000 0000 #0000 «0000
13 VALY Vvl 1o =18 0 0 0 S S -
. a TTTYATALTT T VAN BIRA TTTTIRN0,9403 7T T250,9403 77N 250.9400 T T2ALL 51T T
14 ADRF FDRw 15«16 =17 L] o
TS ROOZ TOVR INTTSTY TS0 v
te AND2 BOVR 2t =22 23 [ 0 . )
/ STREAM NUMBER n 12 13 té 15
FOULP, CONXION FR 9 Y0 Lo FR 10 T0 11 FR 11 YO 12 FR 12 70 13 FR 13 10 &
VAPOR FRACTION ~7 777777 1,0000° ~ ° 08,0000 70,0000 . [ 91,1 1. Y 1 § S
TEMPERATURE s R WT6,0437 476,5919 442,7655 469,9021 460,959)
PRESSURES PSTA 505.0000 505,0000 505.0600 505.0000 405,0000
ENTHALPY. BTU 351795.4086 ~4852774,5164 ~651042.8€3] =2973429,6722 =2975197,13925

COMPOSITIONs LB=MOLFS/HOUR

ME THANE 1.7092 1.7092 1.7092 10,4534 10,4534
ETHYLENE 233,3328 235.3328 235.3328- 1439,3063 1439.3063
ETHANF T TeT1) T.6711 Te6T11 45,6937 45,6937
PROPYLENE «0000 <0000 #0000 #0000 «0000
PROPANFE «0000 0000 <0000 #0000 «0000

TOTAL 244,5)21 2646,5131 2464,.5131 1495,4534 1495,453«
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STREAM NUMBER 16 17 18 19 20
~ EQUIP. CONXION FR 14 T0 0 FRI4 T0 3 FR 3 T 15 FR IS T0 0 FR IS 7o 2
VAPOR FRACTION 1,000 0.0000 0.0000 0.0000 0.0000
TEMPERATURE « R 460.,9591 460,959} 448,.5651 448,5600 448,5600
PRESSURE« PSIA 405.0000 405.0000 405,0000 405.0000 405.0000
ENTHALPY. BTU 135490.5428 =3112253.3508 =3554535,4834 =581882,6757 =2972815.2923
COMPOSTTTONy [ LBR=MOLFES/HOUR
ME THANF 1,7111 B8,7423 a,7423 .4889 8.2534
ETHYLENE 81.9195 1357.3868 1357.3868 220.9941 1136,3927
FTHANE 1.8132 43,8805 43.8805 7.8034 36.0771
PROPYLENE .0000 20000 «0000 .0000 00600
PROPANE + 0000 « 0000 « 0000 » 0000 « 0000
TOTAL 85.4438 1410.0096 1410.0096 229.2864 1180.7232
STREAM NUMBER 21 22 23 24 25
EQUIP, CONXION FR 2 TO 16 FR116TO 0 FR16TO 8 FR 8T0 7 FR 770 2
VAPOR FRACTION 0.0000 0.0000 0.0000 .5312 « 7499
TEMPERATURE s R 463,0768 463.,0949 463,0949 465.,3284 467.0909
PRESSURE s PSIA 216,0000 216.0000 216.,0000 216.0000 21640000
ENTHALPY, BTU ~3919236,7520 <-477248.6186 =3441233.3556 681607.5334 2413810.9342
COMPOSITION, LB=MOLES/HOUR
’ 00
ME THANE .0000 +0000 L0000 +0000 .00
ETHYLENE 25.4430 3.0217 21.7882 21.7882 21.7882
ETHANE 1701.5275 207.3076 1494.8058 1494 ,8058 149448058
PROPYLENE 98,4670 12.0000 86.5268 B6.5268 86,5268
PROPANE 6.5645 .8000 5.7685 5,7685 5,7685
TOTAL 1832.0020 223.1294 1608.8892 1608.8892 1608.8892 %
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- I1.3 Comparison with Plant Data

TABLE 1I.2
BASE CASE COMPARISON WITH PLANT DATA
MEASUREMENTS . BASE CASE VALUE PLANT VALUE

COMPOSITIONS - Mole fraction

Overheads ethylene purity 0.962 ' 0.960
Botfoms ethane fraction 0.928 0.922
FLOWSl - Ib.moles/hr

Overheads to compressor 1495, 15607
‘Overheads to reboiler 1251 1200
Liquid reflux to column H18I1 1255
TEMPERATURES® - °F

Overheads vapor ex-column -36.8 - =40.0
Overheads to reboiler 102.7 106.0
Overheads ex-Trimmer =17.2 -18.0
Overheads ex-reboiler 14.4 13.0
Bottoms ex-reboi ler 7.1 ) 4.0
Reflux ex-overheads exchanger . -11.4 -12.0
Column 117" tray set point 31,5 ~31.0

I Plant measurements within approx. i5% pf true values
2 Estimated from compressor speeds & Cylinder capacities

3 Plant measurements within approx. t2°F of true values
Pressures are not quoted as simulation values were set to

match average values recorded in the plant.



APPENDI X 111

EQUIPMENT SUBROUTINE LISTINGS

Listings are presented for all equipment subroutines used

in the present simulation.
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SUBRQUTINE ADSBF

SOMOLE (2) =SIMOLE (1)
DO 3 1=1«NOCOMP

c - TEMPA=SICOMP (]s1)
C CHESS EQUIPMENT SURROUTINF SOCOMP {I41)=TFMPA
C 3 SOCOMP(142)=TEMPA
C MODTFTED BY M, A, MEN7TES TT=TENP o
C MC MASTER UNIVERSITY ~ 1969 IF({COUNT « 1) 64546
Cc L S IF(ABS(EQPAR{2'NE)=1a)=1.F= S} 7s7s4
¢ 7 CALL ENTHU1+SIENTH(1) DUM)
c DOUBLE PRECISION REMOVED FOR CDC6400 VERSION SOVPFR(1)=SIVPFR(])
C G0 T0 9
T FEOUTPRERT PARAWETER TCIST= & TF{ARS(EQPAR(ZWRF T =3, T =I E=STIT0-IT0+1T
C 1. = NODE NUMBER 4 CALL DEWTP(1l+DWTeDUM)
[o 2. = 0. ADIABATIC MODE Do 401 IN=1+NOCOMP
[ 1. ISOTHERMAL MODE 401 KSUIQ) = DUMLIQ)
C TF(OWT oL Ta0el o ANDLSIVPFR (1)L T.0.000001) GO TO 12
[ saneaas  COMMON DFCK sesoae STTEMP (1) =DWT
[of SAVE=SIVPFRTIY
COMMON/SYSD/KEFL AG(50) oKSFLAG(100) sKTRACE+DERRORNPFREQs IPUNCH SIVPFR(1)=1.
COMMNN/EQPAZEQPAR(25+50) s NEMAX «MAXEQP CALL ENTH(1l+HV,DUM)
COMMONZCONTL/NINNOUT «NOCOMP o NE o NEN SITFMP(1)=TEMP
COMMON/STRMIN/SINUM(B) +STFLAG(8) o SIVPFR(B)+SITEMP(8) s SIVPFR(1)=SAVE
IQIPQFS(B)'SXENTH(H)~S]VISC(8)oSITHK(B)oSILZ(R)'SIVZ(B)c IF((SlFNTH(l)‘ABQ(SIFNTH(I)/5000.)).LY HV) GO YO 14 .
- PSIMOLE (B} +STCOMP (20 48) «STKV(20.8) 77" T T TITSIVPFRITY=T.0 7 o
COMMON/STMOUT/SONUM(8) +SOFLAG(8) +SOVPFR(8) ¢ SOTEMP (8 s ASSIGN 9 TO NRT
1SOPRES(8) »SOENTHIB) +SOVISC(8) +SOTHK(R) +SOLZ(8) +S0VZ(8) s GO TO 15
2SOMNLE (8) 9 SOCOMP (20¢8) ¢ SOKV (204 8) 9 SOMOLFE (1)=SIMOLE (1)
c * DO 16 J=1,NOCOMP
C asanpe 16 SOCOMP(Js1)=SICOMP(Je1)
T SOENTATITESTERTHTIY
LOGICAL FLAGSFFLAG RETURN
DATA FLAG/FALSE./ 14 IF{COUNT - 1) 18+17.18
DIMENSION SDR(40)s DUM(20) 17 BRT=DWT
RFAL KS(ZO).FI(20)'FJ(ZO).OLOKS(ZO)oOLEO(ZO).FQR(?O) G0 T0 19
REAL NEWDIF 18 CALL BUBTP(14BBT,DUM)
EQUITVALTENCE (SOCORPsSORY 00 THUT TG = T+NOTOWMP
INTEGER TCNT+COUNT 1801 ENR(IQY = DUMLIQ)
TCNT=1 IF(BBT.LT.0.1) GO TO 20
KCNT=0 19 IF( ARS(BBT-DWT)/BBT.GT.DERROR/100,) GO TO 1902
IREST=0 DO 1901 1Q=1.+20
CALL ZERO(SCENTH.2) 1901 EQR(IQ)=0€0
CACU ZERUISUMOLE 2T 1902 SITEMPUTY=EBBT
, CaLL ZEROQ (SDRe40) SAVE=SIVPFRI(])
DO 1777 I=1+60 SIVPFR(1)=0.0
1777 OLDKS(1)=0,.0 CALL ENTH(] «HL +DUM)

SOPRES (1) =SIPRES(])}
SOPRES (2)=SIPRES (1)

STTEMP (1) =TEMP
SIVPFR(1)=SAVE

TERP=STTEMPTIT

SOVPFR{14=1.0 ! 20
SOVPFR(2)=0.0 12
COUNT=0 23
DO 1 1=1+NOCOMP . 22

IF(SICOMP(191)46Ts 1eE=7 ) COUNT=COUNTS1 . 24

IFUISTENTRTI T =ABSISTENTHTIT /7500071 .GT.HLT GO 1O 21
SIVPFR(1)=0.0

ASSIGN 22 TO NRT

G0 70 15

IFANOQUT = 1) 24426424

SOMOLE (2)=SIMOLE(})

TF{STHOLETIT.LT, T.E=7 7 RETURN
IF(EQPAR{(2INE) =1 ,E=5) 44447 25

2 SOTEMP(1)=TEMP

SOTEMP (2)=TEMP
SOMOLFE (1)=STIMOLE (1) 26

DO 25 I=1+NOCOMP
SOCOMP(1+2)=SICOMP(1+1)
SOENTH(2)=STENTH(])
RETURN

SOVPFR{1)=0.0
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G0 10 9

2 ses#s FOR ONE COMPONENT SYSTEMe CALCULATE V DIRECTLY
C

36

DO 38 1=1.NOCOMP
SOCOMP (191)=SICOMP (11}
SOCOMP(1+2)=SICOMP(T+1)/KS(T)

38 SUM=SUM+SOCOMP (142)

21 TF(COUNT = 1) 28427.,28 SOMOLE (1)=SIMOLE(])

2T STTEMPTTT=DWY SOMOLETZT=5UH
SOTEMP (1) =DWT v=1.

SOTEMP(2)=DwWY GO T0 11
V= (STENTH (1) =HL) / (HV=HL) 4 37 IF(BPSUM) 3943940
IFINOUT ~ 1) 30+29,30 39 DO 41 I=1+NOCOMP

29 SOVPFR(l)=V SOCOMP (1+2)=SICOMP(141)
GO TO Y SOCUMP T« TT=5TICOMPTY s TT¥RETTY

30 SOMOLE(1)=SIMOLE(1})®V 41 SUM=SUMeSOCOMP (T41)
SCMOLE (21 =STMOLE (1) =SOMOLE (1) SOMOLE (2)=SIMOLE(Y)

D0 31 I=1,NOCOMP SOMOLE (1)=SUM
SOCOMP(I+1)=SICOMP(1s1) 0V v=0,

31 SOCOMP(T142)=SICOMP(141)=SOCOMP(I41) G0 To 11
SOENTHUITESTENTH{TT®V 40 V=5
SOENTH(2)=STENTH(1)=SOENTH(1) DO 42 COUNT=1,20
RFTURN SUM=0.0

28 TNFEG=RAT, DSUM=0.0
TPOS=DWT DO 43 1=1+NOCOMP

FNEG= (HL=STENTH(1)} /ABS(STENTH(1))

IF(VeGTala) V=1a0

FPOSE(HV=STENTHTIYTZARSTSTENTHTITIYY
TEMP= (DWTeFNEG=-BRT#FPOS) / (FNEG=FPOS)
TLOW=R3T

THIGH=DWT

Do 1778 10 = 1+20

43

TFVUCT 0.7 VE0.0
TEMPO=FI(1)/(F1(T)®Vels)
TEMPA=TEMPO®SICOMP (1,1}
DSUM=DSUM+ TEMPA#TEMPO
SUM=SUM+TEMPA

1778 EQR(IN)=0E0 TEMPA=SUM/DSUM
TGOTTO 2 TFtABS TTERP AT V=1 . E=5745v45+ 4%
10 FLAG=,TRUE. 44 IF(VeGTo04999999,ANDLTEMPALGT.0,0) GO TO 26 .

DO 32 1=1+NOCOMP

OLDIF=EQR(I}=-0OLEN(I)

NEWDIF=KS(1)=0LDKS(T)

IF ((ARS(NEWDIF)/KS(I))eGTaleE~S.AND.SICOMP(T41)eGT41.E=S)

42

IF(VLT.0.000001  ANDJTEMPALLTL0.0) 6O TO 39
V=V+TEMPA

IF(V.LE,1,0.AND,.v,GE.0,0) GO TO 46

SUM=0.0

T

FUAG=.FALSE.
OLDKS(1)=KS(I)
IF{KCNT.LE.2) GO TO 33 .
IF((ABS(NEWDIF)/KS(T))elLT.1.E~5) GO TO 33
QWEG=1.-0LDIF/NEWDIF
1F (ABS(OWEG) 4LTs14E=7) 60O TO 33

45

46

TFIVY 39,356,386
IF(VeGTe0.999999)1G0 To 36
IF(VeLT.0.000001) GO YO 39
IVPFR(1})Y=V

DSUM=0,E0

SUM=0,.E0

N

33
32

GWEG=T./70WE0

IF (OWEG«GT«e5) QWEG=.5
KS{I)=QOWEGPEQR(I) + (1.-0WEG) #KS (1)
OLEQ (1) =EQRII)

EQR(IY=KS{1)

D6 47 I=1.NOCOMP
TEMPA=SICOMP (1s1) /(VEFI(I}4]1,)8(],=V)
IF(TEMPA,LT.0.) TEMPA=0,

TEMPO=SICOMP (I91)~-TEMPA
IF(TEMPO.GT40.) GO TO 461

35

BPSUM=BPSUM+F I (1) #TREMP
SUuM=0.
IF (DPSUM) 36436437

IF(FLAG «OR.KCNT,GT.10} GO YO 34 TEMPA=SICOMP (141}
TTU UPSUNEULED TFHMPG=T,

BPSUM=0.EQ / 461 DSUM=DSUM+TEMPO

DO 35 I=lsNOCOMP SUM=SUMTEMPA

IF(KSII} oL TEXP(=3043) KS(I)=EXP(=30,) SOCOMP (1+2) =TEMPA

FUlTr=1./KS5(1)=1. 47 SOCOMP(1+1)=TEMPO

FI(I)=KS(I)~1a SOMOLE (1)=DSUM
T TRERPESTCOMPIT YT SOMOLE (27 =SUM

DPSUM=DPSUM+F (1) *TREMP 11 CALL KVAL(=2+ADKS}

CALL KVAL(=13AD»KS)
KCNT=KCNT+1
GO TO 10

19



34
48

49

T 52 OMALETIVEDLOTTT

S1

IF(V = 0,999999)49+4H448
SOMOLF (2)=0,0

CALL ZERO{SNR(21) «NOCOMP)
GO To 51

JF(V « 0.000001) S2452.51

CALL 7FRO(SDR«20)
CALL ENTH({=2+HL +DUM)
CALL ENTH({=1 HV.DUM)
SOENTH (1) =HYV
SOENTH(2) =HL

B

GO 10 11
53 CONTINUE
IF(NOUT.EQ.1) GO YO 66
RETURN
66 SOVPFR(1)=SOMOLE (1)/(SOMOLE (1) ¢SOMOLE(2))

TFNTRTTIT=S0FENTRUTYSSOENTH 2T
GO T0 9
C oesa CALL INTERNAL FUNCTION @GETTP® wscs
15 STTEMP(1)=TFMP
CALL TSUBH{1TEMP,DUM)
SITEMP (1) =TEMP

TFABSTEOPARTZAREFT= 1. VL LT 00T GO T S
FTEMP=(HLsHY=SIENTH (1)) /ARS(STENTH (1))
AA=ABS(FTEMP)

IF(AALT.0.003) GO TO S3

IF(TCNTLLEL10) GO TO 85

WRITF (6e56)AA

SB FORMAT (39H0®» 9 ADTARATIC FLASH DI NOT CONVERGFYw¥ % = FRACTIONAL

57

5S

SS1

1FRROR=24F8,5)

WRITE (6¢57) NE

FORMAT (1HO+®#UNTT NUMRER =#,15)

GO TO S3

IF(TCNT LT 3.0R,IREST,EQ.1) GO TO S52
IFU(ABS{FNEG/FPOS) )L Y420,) GO YO SSYIT— 7 777
TT=TLOW+ 0.8 ({TPOS=T{LOW)

IREST=]

GO TO 60

IF{(ABS(FPOS/FNEG)) L T420,.,) GO TO SS2
TT=2THIGH=-0,8% (THIGH=TNEG)

552
72

TREST=1

GO0 TO 60
IF(FTEMP) 2472473
T1=TPOS

Fl=FPNS

GO0 TO 74

r3

T4

TI=TNEG
F1=FNEG

TYI=(TFMPEF1-T1#FTEMP) / (F1=-FTEMP)

IF{(ARS{TT=TEMP)1.LT.0.0015) GO TO S3

., 15

76

TFFTENPYTSY IS TR
IF(FTEMP,LT.FNEG)Y GO TO 60
TNEG=TFMP

FNEG=FTEMP

G0 TO 60

IF(FIEMP ,GTLFPOSY GO TO 60

60

TPOSETFRP

DPOS=F TEMP /

CONT INUE ‘

TEMP=TT

TCNT=TCNT+]

SITEMP (1) =TT .

SOTEMPTIT=TT

L SOTEMP(2) =TT

1779

KCNT=0
DO 1779 1Q = 1420
EQR(1Q)=0E0

SOTEMPIT) =TENP
SOTEMP(2) =TEMP
GO TO NRT+(9.22)
END

29



SURROUTINE MXER

—eamm-

CHESS FQUIPMENT SURROUTINF

APRIME=EQPAR (SeNF)
C=FQPAR(6INEY
XMONE=FQPAR({TeNE)
ICO=EQPAR(12NE)
TEMPO=APRIME#H

MODTFYIED BY WA, WNEN7TES

MC MASTER UNIVERSITY = 1969

EQUIPMENT PARAMETER LIST-
1. = NODE NUMBER

TFISTHOLE (IT.E0. . s DR {STWOLETZT EQ. Uy « ARTT. XMODE,FU. VW T
160 TO 99

SAVFPI=SIPRES (1) -EQPAR (9 NE)
SAVEP2=S1PRES(2)=FOPAR(10,NE)

NNOUT=NOUT

IF(ICD.EQ.0) GO TO 903

B=EQPAR (4 +NE)

[
o
c
T
C
[+
c
c
C
T 7+ = OVERAULU WEAT TRANSFER COEFFICIFNT = BYU/7HR FTZ2 DEG. F 9
c 3. = ARFA/SHFLL = FT? c
c 4. = NUMBER OF SMELLS IN SERIES c CALCULATE Q TO RFACH NEW 0OR BUBALE POINT
c 5. = NUMBER OF SHELL PASSES/SHELL [« TeN=1 = DEW POINT
(o 6. = NUMBER OF TUBFE PASSFS/SHELL c 1CD=2 - BUBRLE POINT
c 7. = MODE = [
T T T Tt TR IMPLE EXTHANGER 900 SVVFESTVPFRITY
[+ 1. WATFR COOLED EXCHANGER SVTR=SITEMP (1)
o 2+4=500. REFRTIGERATORSREFRIGERANT TEMP, = MODE+DEG. R SIPRES (1) =SAVEP]
c 500,+ WATER COOLED EXCHANGER WITH SPEC. OUTLET TEMP, IF(ICD.ENL2) GO TO 901
c =MONE+VEGs R - SIVPFR(1)=1,
c Re = WATER FLOW REQUIRED = GAL/HR CALL DEWTP(1+SITFMP(1)sDUM)
c 9. = PRESSURE DROP FOR FIRST INLET STREAM « PSTA GG 10 908
C 10s = PRESSURE DROP FNR SFCOND INLET STREAM = PSTA . 901 SIVPFR(1)=0,
c 11s = HEAT DUTY FOR FIRST INLFT STREAM = MM RTU/HR CALL BUBTP(1«SITFMP(1)+DUM)
[+ 12. = 0, NORMAL CASE 902 CALL ENTH(1+HSAT.DUM)
C 1. CALCULATE ARFA REQUIRED TO BRING FIRST INLET TO DEW POINT STVPFR(1)=SVVF
c 2. CALCULATE ARFA T0 BRING FIRST INLET TO BUBBLE POINT STTEMP (1)=SVTP
e UESTENTH{TTY=HSAT
c essase (COMMON DFCK eeeoasw GO TO 99
C . ) [
COMMON/SYSD/KEFLAG(S0) +KSFLAG(100) «KTRACE « DERROR+NPFREQs IPUNCH c
COMMON/EQPA/FQPAR (25950) «NEMAX sMAXEQP c
COMMON/CONTL/NIN«NOUT «NOCOMP o« NE s NEN [ FOLLOWING REFERS TO EQUIPMENT NOS. SPECIFIC TO C2 SPLITTER SYSTEM
T COMMON/STRMIN/SINTOMUBY sSTFLAG (BT SSTVPFRIBY +STTENP T8TS T
1STPRES(A) o STENTH(BY ¢ STVISC(B) «SITHK(8) «SILZ(R) 9STVZ(B) s 903 IF(NELEQ.10) EQPAR(3+10)26060,~EQPAR(3+9)
2STIMOLE (R) +SICOMP (20+8) «SIKV(20+8) 1IF(NE.EQ.13) FQPAR(3413)=1100,~EQPAR(3+11)~ENPAR(3412}
COMMON/STMOUT/SONIM(B) ¢ SOFLAG (8) «SOVPFR (8) « SOTEMP (8) » AR=EQPAR (3 +NF)
1SOPRES (A} «SOFNTH(B) +SOVISC(8) 9SOTHX (8) «SOLZ(A) +SOVZ(8B) » c
2SOMOLE (B) ¢ SNCOMP (2048) +SOKV (2014 8) ¢ —
COMMON7RXMS7 SAVENE TTUY 9 SAVEDTTITTY C FIND GMAX FOR FTIRST TNPUYT STRFEM < (MAX, HFAT TRANSFERT
c ' .
4 acenns DO 91 1=1411
¢ 91 SIDUMI(3.1)=SIDUM(1+1)
DIMENSION DUM(20) SIPRES (1) =SAVEP]
INTEGER COUNT+APRIMEsBsCeSAVENE SITEMP (1)=550.
REA( HZ M3 HEHSME ; TF(XMONE.EG.Ue7 SITEMPTITESTTEMPTZT
LOGICAL FLAGFFLAG IF (XMODE o GT ¢ 2 s AND 4w XMODE o1 . To5004) SITEMP (1) =XMODF
DIMENSION SIDUM(8+11)¢SONUM(Bel11) EQPAR(2eNE)=1,
EQUIVALENCE (SIDUMsSINUM) « (SONUMeSONUM) NOUT=2
NNEG=0 - ' . CALL ADBF
. NPOS=0 QMAX1=ABS(STENTH(1)=SOENTH(1)=SOENTH(2)) o
T IRESTED - DTMXT=0MAXT7 TU¥FAR#B)
COUNT=D [+ )
U=EQPAR (2 «NE) [ FIND MAX. TEMP. DIFF, FOR EXCHANGER = (ZERO HEAT TRANSFER)
AR=EQPAR (34NF) c

DTMX2=ABS(SITEMP (1) =STTEMP(3))
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DTMAX]1=AMIN]L (DTMX14DTMX2)

IF(DT.GT.DTMAX) GO TO 181

C G0 T0 1S
IF (XMODE.GT+.0.) GO TO 94 18 {sw=0
c FACTOR=0,85
Cc FIND QOMAX FOR SECOND INPUT STREAM « (MAX, HEAT TRANSFER) 181 DT=DTMAX®#0,.98
C 15 DhT=0T
DO 92 1=1.11 c
92 SIDUM(l+1)=SIDUM(2+1) 19 Q=U®AR®DT*B
SIPRES(1)3SAVEP? 191 FLAG=.FALSE,
SITEMP(1)=SITEMP(3) IF(J.EQ.2) Q==
CALL ADBF SOENTH(1)=STIENTH(1) =0
VA T AR TS TEN TR Z T =SiER TR I =SOERTRTZTY SOENTHIZY=STENTR{ZT +0
DTMAX2=QMAX2/ (U®AR®R) 00 21 K=1+2
94 DO 93 I=1.11 DO 20 I=1.11
93 SIDUM(1«1)=SIDUM(3.1) SIDUMIK+2+ 1) =SIDUM(KaT)
SOPRES (1) =SAVEP] 20 SNDUM({K+241)=SO0DUM(KeT)
SOPRES (2) =SAVEP2 ) D0 21 I=1+NOCOMP
NOUT=NNOUT SYCOMPTT <K+ 2V =STTOMP T +KY
DTMAX=AMIN] (DTMAX] «DTMAX2) 21 SOCOMP{I+K+2)=SOCOMP (1K)
[ : DO 201 I=le11

99 DB 2 y=1e2 201

DO 811 I=3.11

SIDUM(1+T)=SODUM(]1+1)
00 202 1=1+NOCOMP

811 SODUM(Js 11 =SIOUM(JeT) 202 SICOMP(14+1)=S0COMP(1e1)
DO 2 1=1+NOTOMP o . IF(SITEMPITY.EQ.0.0) SITEMP{1Y=500,"
2 SOCOMP(T+)=SICOMP(IeJ) ENPAR(24NE) =0,0
IF(SIMOLE(1)) 3s3e4 IF (XMODE=-550.)23.23+22
3 WRITE (645) 22 STTEMP (1)=XMODE
S FORMAT(STHO®®e Hx CALCULATION BY=-PASSEDs FIRST INPUT STREAM IS ZER EOPAR(2sNEY=1,0
10 FFLAG=,TRUE,
GO TO™ 6 73 CAL L ARUBF
4 1F (XMODELEQ.04) GO TO 8 SOVPFR(3)=SIVPFR(])
1F (XMODE .GV 22404 AND XMODE L T.500.) GO T0O .A01 T1=SITEMP(])
7 12=565. IF(FFLAG) GO TO 24
IF (SOTEMP (1) .LT.550,.0R«T2.GT.SITEMP(L1)) GO TO 9 SOTEMP(3)=T1
STTEMP (21=550. IF (XMODE.EQ.0.) GO YO 29
SOTEMPTZT=ES657 GO YO 24
G0 TO 10 29 DO 30 1=1,11
801 SITEMP (2)=XMODE 30 SIDUM(1+1)=SODUM(4s1)
SOTEMP(2)=SITEMP(2)+1,0 SIVPFRI(1)=SIVPFR(4)
T2=SOTEMP(2) DO 31 I=1sNOCOMP
GO TO 10 31 STCOMP(T4+1)=SOCOMP(}e4)
B IF (STHOCE (27T 12312+ 10 TF{STTENPTTY LEQ. T STTENPTTESUT,
12 WRITE (6413) ’ CALL .ADBF
13 FORMAT (S9HO#®2 HX CALCULATION BY-PASSEDe SECOND INPUT STREAM IS ZE T2=SITEMP (1)
1RO ) . OTEMP(4)=T2
GO T0 6 . SOVPFR(4)=STVPFR(1)
10 FFLAG=.FALSE. 24 EQPAR(24NE)=U
NS TF{.NOT.FFLAGY GO YO 37
IF(SITEMP (1) .GT.SITEMP(2)) J=1 36 SOTEMP(3)=T}
EQPAR(2sNE) =0, Q=SOENTH(1) =SIENTH(3)
IF (ICD.NEL.O) GO 71O 191 SOENTH(3)=STENTH(3) +Q
0O 14 I=1.11 ’ . 0=ABS(0)
IF(1.6T.10) GO TO 18 37 DO 39 K=1,2
TFT{SAVENETTT.EGQLNETYT GO YO 16 D0 38 I=1,11
14 CONTINUE STOUMIKs 1) =SIOUM(Ke2e1)
16 I<w=l 38 SODUM(K, 1)=SODUM (K241}
FACTOR=0,97 00 39 I=1+NGCOMP

OT=SAVEDT(I)

STCOMP(1+K)=SICOMP (14K *2)
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39 SOCOMP(14K)=SOCOMP (] eK+2)

4] IF(FLAG) GO TO 43

45 COUNT=COUNT 1

46 S=ABS(SITEMP(1)=STITEMP(2))
P=(SITEMP (1) =T1)/(T2=S1TEMP(2))

48 IF(FLAG) GO Y0 A9
IF(ICD.ENLO) GO TO 68}
TEMP=0,

EOPAR (3eNEY =0/ (UeDT2B)
AR=EQPAR (JeNE)

TFUI=TY 4B G748

47 S=(T2=-SITEMP(2))/S
GO TO 49

48 S=(T1=-SITEMP (1)) /S
R=1./P

49 TFMP=],«=R#S

DNT=0T
G0 TO 70

681 TEMP=(DT=DDT)/OY
ARTM=ARS(TEMP)
1F (ABTM,.LT.0.001) GO TO 70
60 10 71

TF T =ST LU . NRITEWP,TF. 0.7 GO T 9
GO 70 S0
9 CONTINUE
WRITE (6+51)
S1 FORMAY (J04HO®ces WEAT FXCHANGER CALCULATION FAILED DUE TO IMPROPER
ITEMPERATURE LIMITSe INPUT T TRANSFERRED TO OUTPUT)

TUOIFFEZFT.LT..75Y GO T 772
IF(ICD.NELO) GO TO RO .
GO T0 69

T2 WRITF (6473} NE

73 FORMAT(/71H ®®e NO, OF SHELLS IN SERIES OR NO. OF SHELL PASSES SHO
1ULD BE INCRFASED«/1IHAUNIT NO, =e15)

TTTTSATEMP (1 T=STITEMPTTY

SOTEMP(2)=SITEMP(2)
EOPAR(2WNE) =U
6 WRITE (6452) NF

S2 FORMAT (1H +®*UNIT NUMAER =%.1S5)

RF TURN
. 50 IF(ABS(R=14)4LTe1,E=3) GO YO S3 T

G0 10 54

53 F1=(1.=-%5)/S
60 TO 8%

G4 F1=(Re]l,)/ALOGI(Ya=S)/TEMP)

55 MS=SORT(R#*Re])

TETCHLNE T 60 10 BT 777
69 DO TS JY=1le1l
IF(JeGTL10) GO Tn 80
TF (SAVFNE (J) dEQ.NEL.ORSAVFNE () LEN.0) GO TO 77
75 CONTINUE
77 SAVEDT ()Y =DTY
SAVENE (J) =NE
80 CONTINUE
. RETURN
71 IF(COUNT.GE.10) GO TO 400
IF(TEMP) 1011014110
101 IF(NNEG.GTW0) GO TO 102

TTTTTTTTIFAPRTME(GELCY O TO S5

GO TO 57

S6 F2=F1
GO Tn S8

§7 IF(ABS{R=1,).LT.1.E=3} GO TO 59
Gn 10 60

NNEG=T T
TNEG=DDT
FNEG=TEMP

102 IF(NPOS.GT.0) GO TO 120
DT=DDT#FACTOR
60 10O 200

TSy MPETEMPOSFITS

G0 TO 61

60 MI=(TEFMP/(l.=5))e8(],/TEMPO)
M2=(R=M3)/(1.=M3)

61 M4=2,0M2-]1,=R
MEZ (MG eM5) / (M4=MS)

TT0 TF (NNFG.EQ. 0. AND, DOT G T INTHAXI0,9797) GO 10 402
IF (NPOS.GT.0) GO TO 111
NPOS =]
TPOS=DOT
FPOS=TEMP
IF (ISW,EQ.0) GO YO 120

T T I F AR S IMGEMS ) S LT LTRSS L ORTHEL LE U, GO 1062

, 60°TO 63
62 IF(FFLAG)
DT=DT%0.96
GO TO 200
63 F2=MS/ALOG (M6} /TFMPO

GO TO 43

TIT IF(NNFG.GT.0) GO 10 120
DT=DOT/FACTOR
IFINTLGT. (NTMAX®A,975)) DT=0,975S0DTMAX
G0 T0 200

120 IF({COUNT L T.5.0R.JREST.EQ.1Y GO T 1201
IF ((ARS(FPOS/FNEG) ) 4LT«104) GO To 1202

ST TIF{J.FQ.TT GO 70 65

DT=TPOS+ 0,4+ (TNEG=TPOS]
IRFEST=1
G0 TO 200
1202 IF ({ABS(FNEG/FPO0S))eLT410,) GO TO 1201
DT=TNFG=0.47 (TNEG=TPOS)

1REST=1 - . e

GO TC 66 ° /
65 DT=F28(T2-SITEMP (2))
GO TO 43
66 NT=F2#(T1=SITEMP (1))
43 1F (XMODE.GT.550.) EQPAR(8.NE})=0/124495 i
B APAR (11 .NE) = {STENTHTTT=SOENTHITY) 71 E6
IF (FFLAG) 60 Tn 67
GO TO 68
67 EQPAR(3WNE) =0/ (UsDT*a)
RE TURN

G0 TO 200
1201 I1F(TEMP)121s1210122
121 T1=TP0S
F1=FPOS
G0 TO 123
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122 TI=INFG

. F1=FNFG SUBROUTINE MIxR
c ———---
C CALCUL ATE NEW VALUE BY REGULI=FALSI c CHESS FQUIPMENT <UBROUTINF
C
123 D700 T¥F [=TISTEWPY 7 IFI=TFMPY) g MOOTFIED BY M A, WENZTES
¢ c MC MASTER UNIVERSITY = 1969
IF(TFMP) 12541254130 C ceemme
125 IFINNFG.GT1) GO TO 176 C
NNEG=2 c wsaosse  CUMMON NFCK w#oesse
GO TO 200 ¢
126 TFTTEMPTT.FNFGY GO T 200 COMMONZSYSO/KEFLAGTST) +KSFLAG I UT) K TRACE s DEPROIR NPFRETG s TPUNCH
TNEG=DDT COMMON/EQPAZEQPAR (25+50) s NEMAX s MAXEQP
FNEG=TEMP COMMON/CONTL ZNINSNOUT «NOCOMP o NE o NEN
GO 10 200 COMMON/STRMIN/SINUM(B) o STFLAG(H) +SIVPFR(B) o« STTEMP (B) o
130 IF(NPOS.GTL1Y GO TO 1131} 1STPREG(B) o STENTH(B) o GIVISC(B) «SITHK(B) e STLZ(R) 9STVZ(B) 0
NPOS=? 2STMOLE (B) « SICOMP (20 ¢8)9STIKV (2048) —_
TTGNOY0 200 T T T COMMON/STHOUTZSONUM (BT «S0FLAG (BT VEOVPFRIBY ZSNTEMP IBY Y 7777777777
131 IF{TEMP,GTFPOS) GO TN 200 1SOPRES (8) +SOENTH(B) 4 50VISC(B) «SOTHK (81 0 SOLZ(R) sSOVZ(B)
TPOS=DNT 2SOMOLF (8) «SOCOMP (20+8) s SOKV (20481}
FPOS=TEMP [
200 CONTINUE c LT
noT=nT ¢
Go 70 19 7 ’ o - DIMENSTON DUM(L)
- DIMENSION STIDUM(B¢11)eSOTDUM(B]T)
400 WRITE(64401) TEMPWNE : EQUIVALENCE (SINUMeSTIDUM) o (SONUML,SOTNUM)
401 FORMAT (65H #es HFAT EXCHANGFR CALLC. FAILED Tor CONVERGEs CURRENT VA SOMOLF (1)=0,
ILUES USEDs® = FRACTIONAL FRROR=®4F10,5/2 UNTT NUMBER= #,13) DO 2 J=1«NOCOMP
GO TO 70 2 SOCOMP(Je1)=0,
ST RO WRITEIRGGUIYTEMP 7 DO I TETVNIN — T B
403 FORMAT(®0®.%DT T1q GREATER THAN 94 PERCENT OF DTMAXx = USE 98 PERCEN SOMOLE (1) =SOMOLE(1)+STMOLE(])
1T VALUF = FRACTIONAL ERROR=®,F10.5) DO 3 J=1e¢NOCOMP
GhH TO & 3 SOCOMP (Je1)=SOCOMP{Je1)+STICOMP(Je]
END c

DO 4 I=1eNIN
————TFTSTMOLECIT &GTe 0T GO 105~~~

4 CONTINUE

S SMALL=SIPRES(I)
J=le1
IF(J«GTNIN) GO TO 10
DO & I=JeNIN

& TF{STPRES (1T LT SMALL AN STMOLE (T . 6T, 07T~ SHALLES TPRES (T~

10 SOPRES(1)=SMALL
SOENTH(1)=0.
00 7 I=z1+NIN

7 SOENTH{1)=SOENTH(1) ¢STENTH(T)
SMALL=SIVPFR (]}
T=1 -

8 I=le1
TIF(1.GT«NINJORJSIVPFRIT) NESSMALL) GO TO 9
GO T0 8

9 IF(SOTEMP(1).,EQ.0,) SNTEMP(1)=560,
IF(I.GTLNIN) GO TO 17
DO 12 1=3+11
STIDUM(NIN®1¢])=STIDUM(]4T)

12 STINUM(1«])=SOINUM{L,.T)
00 13 1=1.NOCOMP
SICOMP (T ¢NIN+1)=GICOMP(]41)

99



13 SICOMP(141)=ScoMP
CALL ADHF (en

1o DO 16 123,11 :
S]XDUM(XOI)=SIXD“"(NIN
DO 1S 1=1+NOCOMP Then

COMPTITSTVES PTT+NIN+T)
RETURN ) oo ™ :
17 SOVPFR(1)=sMAL(

. CALL TSUHH(=1,50
RETURN ¢SOTEMP (1) 4 DUM)

END

SUBROUTINE VALV

CHESS EQUIPMENT SUBROUTINF

MODTFTED BY W, A, MENZTES
MC MASTER UNIVERSITY - 1966

sososs  COMMON DFCK stsces

'nnnnnﬂnnn

3 * o ) . o *
COMMON/EQRA/ZFQPAP (25450) «NEMAX e MAXE QP
COMMON/CONTL/NINSNOUT «NOCOMP o NE ¢ NEN
COMMON/STRMIN/STINUMIBY o STFLAG(B) +STIVPFR(H) +STTEMP (B) o
1STIPRES(8)Y «SIENTH(A) o STVISC(B) oSITHK(RY «SILZ (R »SIVZIB) e

2STMOLF (B) o+ STCOMP(2008) 2 SIKV(2048)

COMBON/STROUT/750NOM (BY v STFLAG (BT «SUVPFRUBY SSHTEMP [RY
ISOPRES{8) s SOENTH(H) «SOVISC(R) +SOTHK (B} +SOLZ{R) sSOVZ(B) e
PSOMOLE (8) «SOCOMP (204B) « SOKV(2048)

EXXX 223

[sXsXKe]

T DIMENSTON STDUMIASIY ) o SONUIMIBLITY
EQUIVALENCE (SIDUMeSINUMY o (SONUMeSONUM)
DO 7 1=3.11
T IDUM(3.1)=SI0UMIL+T1}
IF(SIPRES (1) LT FQPAR(2eNF)) GO TO }
60 TO 2

T WRTTE (5«J7 NE

3 FORMAT (30H0##% UPSTREAM PRESSURE TOO LOWe/14HOEQUTPMENT NOl.o14)

D0 A I=3,11

8 SODUM(1+1)=SIDUM(]1.1)
N0 5 1=1+NOCOMP

S SOCOMP(1+1)=SICOMP(I41)

GO 'TO 6

2 SAVE3=FQPAR(2.NF)
SIPRES(1)=SAVE3
EQPAR(?«NE)=0.0
CALL ADSF
EQPAR (24NE)=SAVE3]

6 00 9 1=3.,11

9 STDUM(Ll«1)=SIDUM(3e])
RETURN
END

L9



AT THFIR BUHBLE ¢ DFW POINTS RESPECTIVELY

SIRROUTINE ADDY C
Cc —wena. DIMENSTON DUM(])
C CHESS FOUIPMENT SURROUTINF NDIMENSTON TKV(20)+RKV (20}
C DIMFNSTON FEENL20)
[+ WRYTTFN BY = W A WERZTIFS T TTTTTTTTUDYMENSTON T AT PHAI2OYWDRUNIPOY T T T T T B -
C MC MASTER UNIVEPSITY - 1969 DIMENSTION FACT(2) TSV (2)
C ce———— FOUIVAL FNCE (FEEN(I) «SICOMP (Lol ))
9 HENGSTERECK2S APPROX. PSEINDO-RINARY DISTILLATION PROCEDURE c
C EMPLOYS EFFECTIVF KFYS o USES RELATIVE VOLATILITIES OUAD(ASRCI = (SNRT(BeeDal ,8ARC)) /(2. 2A)
C STAGE RFQUIPFMENTS ARFE CAt CULATED FROM STOPPFLS MFTHOD c
(of T T RREFOPARTZWNE T
C enesss  COMMON DFCX  assses TRR=FOPAR (3sNF)
C TRS=FORPAR (4 oNF )
COMMON/FQPA/FQPAR(25+50) « NFMAXSMAXEQP TOLP=FQPAR{S «NF)
COMMON/CONTL /NINJNOUT s NOCOMP « NE «NEN YI=EQPAR (6 «NF )
COMMON/STRMIN/SINUMIB) « STFLAG(R) «SIVPFR(H) «STTEMP (K)o . YP=FUPAR (T eNE )
T T TISTIPRES (B o STENTHIRY W STVISTIB) e STTHKTRY «STLZ(R) +STVZIBT o~ T T TTUXI=ERPAR{BWNFY T T T T s
PSIMOLE (R)+SICOMP{204B) +STKVI(20e8) X2=F QP AR (94NF)
COMMON/STMOUT /SONUM(HE) « SOFLAG(B) «SOVPFR(H) «SOTEMP (8) o NILK=FUPAR(10NF)
150PREG({R) «SOENTH{R) «SOVISE(B) ¢ SOTHK (B) «SOLZ{R) «SOVZ (B) NHK=EOPAR (11 oNF)
2SOMOLE (R) «SOCOMP (20 4H) o+ SOKV (204 1) IMONDE=FUPAR (12 «NF)
COMMON/PRSV/TOP(20) +RNT (20) QQ=FQPAKR (] 34NF)
, € N=FOPAR (14 «NF)
c sobwod H=FOPAR(15eNF)
¢ NLOOP=20
C FOUIPMENT PARAMETFR LT1ST [
Cc 1. NODE NUMBER SNPRES(1)=SIPRFS(1)=2,
C 2 REFLUX RATIO SOPRES(Z2)=SIPRES (1) +2,
TCTTTTTU3, O NUMRER OF INFAL CSTAGES INTRECT SECTION ™ SOPRFSITY=SSIPREG(TY=2, "~ 7 =  mmm m e
C 4, NUMHER OF IDFAL STAGES IN STRIP, SECTION SOPRES{RY=SIPRES (1) +2,
[o S. SOLUTION TOLFRANCF ON NUMBERP OF SYAGES TSV I1Y=SOTEMP (1)
Cc A, FSTIMATFD LIGHT XFY MNLF FRACTION "= NDISTILLATE TQVI2)=SOTEMP(2)
[ Ta FQTIMATF) HEAVY KFY MOLE FRACTION = DISTILLATE SOTFMP (1)y=STTEMP(])
C He ESTIMATED LIGHT KFY MNLE FRACTION = BOTTOMS SNTFMP(2)=STIEMP(])
T 9.  ESTIMATED HFAVY XFY MOUE FRACTION ~ = ROTTOMS SOTEMP(TY=QTTFMP (1Y " 77" T "
C 10, LIGHT KEY SUKSCRIPT NUMBER SOTEMP (B)=S[TEMP (1)
C 11. HEAVY KEY SURSCRIPT NUMBER SOVPERI(]1)=1.0
C 07, MODF OF OPFRATION- SOVPFR(2)=0,0
[ 0. FEED o REFLUX RATIO KNOWN SNVPFRINI=L,0
[ le L KNOWN =~ CALCUIATF REFIUX RATTIO SOVPFR(BR)=0,0
— ~ 2, VRAR KNOWN < CAUCUTATE REFLUX RATIO ™ “Do 3 T=1 NOCONP e
[+ 13, STORED VALUF FOR QQ (MODES 1. ¢ 2. ONLY} TOP(1)=0,.
C 14, STORED PREVINUS VALUE OF D 3 ROT(I)=0,
(o 15, STORED PREVIOUS VALUFE OF B c YTy
Lo} 16. COMPUTED TEMP, ON THFOR, PLATF 7,7 C CALCULATE Q VALUF(FQUIV, TO VAP, FRAC.) FOR ACTUAL FFED
c C USE THIS VALUE FOR THF PSFUDU=-BINARY SYSTEM
—"c——‘Tm*gUgmjmanT’n’Y’?QFQ’NT’EET"W“‘TO"UL’CTEWWOEF’F[WS“—"_ - c e -
C MIN PRODUCT L IQUTD & VAPOR STREAMS IF(IMONE ,GT,0) Gn TO 1
C THE ASSUMED MOLFE FRACTIONS OF THE KEYS IN YHF PRONUCTS ARE USED CALL DFWTRP(14DWT ¢ TKV)
c TO INITIALTISE THE CALCULATIONS CALL RUBTP(1+RRT.AKY)
C CONSTANT {IQUID « VAPNR F| OWS IN EACH COLUMN SECTION ARt ASSUMED SAVV=SIVPFR(]) -
C FOR CALCULATION OF ToTAL PRODUCT FLOWS SAVT=STTEMP(])

——C " THF CA{CULATTON PROCENURE IS RASED ON THE LOG. RFLATION
RETWEEN D(I)/B(I) AND ALPHA(L) WHERF-
DY =v(D)=L(])
B(I)Y=LRAR(I}=VRAR(])

K=-VALUES ARE CALCULATED FOR LTQUIN ¢ VAPOR PRODUCT STREAMS

OO0

SIVPFR(1)=1,0
STTEMP (1) =DWI
CALL ENTH(1eHVeNUM)
SIVPFR(1)=0,.0
STTEMP (1) =HAT
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CALL ENTHloHL «DUM)
CSIVPFR(1)=SAVY
STTEMP (1) =SAVY
QO={SIFNTH(]) =HL) / (HV=HL)
FOPAR(]13«NE)=QQ

CALCULATE KEY MOLF FLOWS CORRESPONDING TO GIVEN M0 E FRACTIONS [of

[sNeKs

EOPAR(12+NE)=1,0
Bz (FEEDINLK) =YIO8FEEND (NHMK) /Y2) /(X1 =X2%Y1/Y?)
N=SIMOLE (1} =8
G IO %
1 IF(IMONF.GTL1) 6N TO 2
FOPAR (12NEY=2,0
Gn TO &
2 EUPAR(12eNF)=1,0
4 TOP(NLK)=D®Y]
TTTOPINBKY=D®YZ2 T I
AOT (NLK) =BeX]
HOT (NHK ) =B e X2
IFLIMODEFLEQ.0) Gn TO 555

500

[a¥e)

CALCULATE APPROPRIATE SATIIRATED REFLUX FLOW RY MASS o ENTHALPY HAL

[aNe X2l

11=IM0ODE
ASSIGN 121 10 JRFTY
SOTEMP (I =TSVIIT)
GO T 120
121 RFLUW=STHMOLE(T161)=DFt OW
o e e
585 CONT [NUE

C
C CALCULATE INITIAl ALPHA VALUES HASED ON ASSUMED wFYS ONLY
C

OO

ASSIGN S TO NRET
TGN YOIgCy T T T T T

c SFT up LINEAR LN(D/R) ¥S LN(ALPHA) RELATION
c
S SLOPF=(ALOG(TOP(NLK)/ROY(NLK))-ALOG(YOP(NNK)/ROY(MHK)))/(ALOG(ALPN
TA(NLK)Y Y=ALOG (ALPHA (NHK) )}
XTNT=AT OG TTOP INHR T 7RB0T INHRY Y=< (AL OG TALPHA (NHK) ) ) 851 OPF
NTT=1 N
, 1cAL=1
c sase0n
Cc BEGIN NORMAL CALCULATION MODULE
c

[a Nyl

T CALCUL ATE LN INZBYES FOR AT COMPS FROM THETR ALPHAZS
C

6 DN T 1=1.NOCOMP )
7 DRLN(T)=SLOPE*ALNG LALPHALT) ) ¢ XINT !

C CALCULATE B2£S + D2S FOR ALL NON KFYS
e - - 2 DA
0
.0
8 121 4NOCOMP
t

D=
B=
Do
BOT(I)=FFEDC(I} Z(FXP(DBLN(T))+1,)

OO0

T

A

c
e — T KL CULATE CRITTCAL UNTD/RY#S

15

17

19

20

TAP () =FEED (1) «BNTHLT)
DxDeTOP (T}

R=BeBOTI])

CONTINUE

DHCL=DHLN(NLK)0.7'(DHLN(NLK)-DHLN(NHK))
DHCHEDHLN (NHK) =4 7# (DBIN (NLK) =DRLN (NHK})

CALCULATE XFY PORTIONS FOR LIGHT NON KEYS o SUM FNR EFFECTIVE LK

AINFL=FEED INLK)

HINDL=TOP (NLK)

HINBL=RO (NLK)

T1=NLKk=1

IF (11.FQ.0) GO To 1S R . R
Dno10 T=1.07 T

11 = 1F LN{D/H) 1§ LESS THAN CRIT VALUE INCLUDE wHOLLY TN LK
17 = IF GRFATER CALCULATF PORTION TO HE INCLUDED
1F(DALN(T)=DRCLY 11 e11012

AYV=FEFDLT)

az=t10P (1)

AY=ROT (1)

Ho TO 113

AP=RUT (1) *EXPIDRCLY

Al=0,

Al=A?

HINFLSAINFLeAL

BINDL=RINDL+A?

BINHL=HINBL A

CONT INUF

RFPFAT FOR HEAVY NON KFYS STMILARLY

RTNFH=FFFD INHK)

RINDHETOP (NHK)

HIMHH=ROT (NHR)

11=HKe]

1F (110G JNOCOMPY GO Tn 21

DO 20 1=11eNOCOME i
17 - IF CN(DIR) 16 GRFATFR THAN COTTICAL VALUF TNCLUDE WHOLLY IN WX
LH = 1F LESS CALCULATF PORTION TO BE INCLUDED

TF ADHCH=DBLN(TI )1 Te17418

Al=FFFN(T)

A2=Top (D)

Al=ROT (1) N ) i o

60 70 19 .
a2=0.

A3=TOP (1) ®F AP (=NDRCH)

Al1=A3

RINFH=HINFHeAL

ATNDH=RINDHe A2

BINHH=RINAH+AZ

CONT INUF

anebdos

CALCULATE PARAMETFRS FOR FFFECTIVE BINARY
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21 XFEBRINFL/(BINFLSAINFH)
XN=RINDL/ (BINDL «BINDH)
XW=RINBL 7 (BINHL +RINRH)
RI=ALOG(BINDL/BRINAL}

R2=A1 06 (BINDH/RINBH)
RVTEEXPTIRT=XINTY/SLOPEY
RV2=FXP { (R2=XINT)/SLOPE)
RVV=RV1/RV2

¢ RVV IS THE NOWMA{ ISED REL,

C X2 X XX 3

c CALCULATF PATICS TO IMPROVE RFL,

TTTCTT T CRUCUCATE RATIUS CTORRY, 2
C USE GEOMETRIC MFANS
[of

VOL. OF THE EFFECTIVE LK

VoL, ESTIMATFS

EXI=TRR/(TRR¢TRS)

Ex2=1,0=£Xx1

ALFFD= (ITKVINLK)S4EX2) # (BKVINLK)S#EX]) ) /7 {L{TKYV (NHK) S #EX2) & (BKV (NHK)
_“——‘_rG'B‘ExI )'j """" T T T T T T T T e s e e T T -
ALFTP=TKV(NLK) /TKV (NHK )
ALFBT=HKV (NLK) /BKY (NHK)
RVYR=SQRT (ALFFD®A[ FTP) /ALPHA(NLK)
RYS=SURT (ALFFD®A(FAT) JALPHA (NLK)
MoaDBow

NOW APPLY STOPPFL S CALCULATION FOR THFORETICAL STAGES

CALCULATE REFLUX RATIN

[2X2XeXeXe Ns]

IF (IMODELEQ.1) RR=RFLOW/D
P TINTDE Q. 2) ~RETU(RFLOWSSTHOLECTY SSTYPFRTIT /D) 1,0

¢

H1zRRe1.

R11=1./R1

n1=1.-00
¢ CALCULATF INTERSFCTIONS
¢ FFED L INF
¢

¢ RECT oL

RV=RVVeRVR
XO={AF/7Q0=XD/R1) /(RR/R1+0Q1/QU)
YOz XGPRRER]11eXD*R)I]

FOUTL LINE ¢ RECT OL

-
C
[o
RV=RVVERVR
SS=RK®R]11
XNT=K11%XD
T T TASRSTIGN 94TTOOKINT
G0 T0 96 /
Q4 XF=AA+OU
XN=AA=0QU
YF=SSaxRE e XNT
YN=GSeXOeXNT

« e
C EQUIL LINE ¢ STRIP Ot
c

RV=RVV#RYVS
SS=(YU=XW)/ {XQ=XW) ‘

T F STRIPSECYST

[aXaXel

¢

C
T T T CALLCULATE NFW KEY SPLYTS T

C

XNTzXWe (] ,=5S)
ASSIGN 95 TO KINT
GO T0 96
9S XED=AA«QU
XON=AA=QY
TTYFD=SSEXEDEXNT —
YOD=SSeX0D« XNT
IFIYQ.GT . YED)WRITF {6eRS5]1 )RR
AS1 FORMAT (20BFLOW MINTMUM REFLUX = RR=2#.F6,3)

<7“FALCULA1F Tk T8

TRALDGCUIXDaYD) # (XF=XD) ) Z{{YE=XN)®(XQ=X0D)))LALOG((YO*XE) Z(XO*YF))
TSEALOG(LYQ=YOM ® (XENXW) )/ (IYEDAYQ) ® (XWXON) )} ZALOGLIYOD®XED ) /(X
10neyED) ) R

NTRAY=(TRReTREI=(TReTS)
RATR=TRR/IR

RATS=TRS/TS

csmaco

CONVERGENCE ROUTINE

GO TO (6346T)e1CAL
ICAL=1 =~ CHANGE ROTH SLOPF o INTERCEPT
TCAL=2 = CHANGE INTFRCEPT ONLY
LAY IFLAHSINTRAYI=TOI P64 oeb4ebS
64 1F (ARGINATR=1 )= (TOLP/(2,2TRR)) IR 481461
A1 1CAL=2
6O TO T .
w7 1F (AHG(RATR=] ,1=(TOLP/(2,9TRR})}IAR6R 66
&R IF{ABS(DTRAY}=TNI PIRI BRI +K9 -
69 IcaLs]
£S5 AASALOG(RINDL /BINAH)
CC=(AA-XINT}/SLOPF
SLOPE=GLOPE® (TRReTRS) /(TR TS)
XINT=AA=SL OPE®CC
GO TN 70 o . o TooT oo
A6 CC=XINT
NEW VALUE OF XINT FROM SRFGULI=FALSI®
XINTZ(XXNTO(RATR-1 ) =XINT#(RTR=-1,))/(RATR-RTR)
XXNT=CO
HIR=RATR
""" GO T 70
71 XXNT=XINT
RTIR=RATR
SFCOND STARTING VALUE OF XINT FOR *RFGULI=-FALS]®
XINT=XINTeRATR °

70 DAL=SLOPE®ALOG (AL PHAINLK) ) ¢ XINT
DRHzS| OPESALOG (AL PHA (NHK) ) o XINT
BOTANLK) =FEEDINLKY ZLEXP(DRL) ¢ 1,
BOT (NHK) =FEED (NHK) / (EXP (DRH) ¢1,)
TOP(NLK)=FEED (NLK) =HOT (NLK)

TOP (NHK) =FEED (NHK) =HOT (NHK)

CALCUt ATE A NEW SET OF ALPHA VALUES

oL



ASSIGN A0 TO NREY CALL RURTP(=T7+BRT«TKV)

GO TO 1000 T720,5% (RHT+DWT) .
a0 NIT=NITe] I1F (IMONE ,EQL2) ENPAR{16,NF)=T?
IF (NIT,GE.NLOOP) GO 10 90 . [
GO 10 6 C CALCULATE OVERALL COLUMN REAT HALANCE
AT CTANTTNUE e — [
(o soscac QINSSTENTHIL) ¢STFNTHI2) ¢STENTH(I)
C CA{.CULATE FINAL PRODUCT COMPONENT MOLF FLOWS QOUT=SOFNTH(1) «SNENTH(2)
c QINZOIN®] E=6
DFACT=RRs] .0 RNUT=QOUT¢] F=6
C QGAINZQUUT=QIM
TTTUTTT O ON THE FIRST RPPLITATOIN NF THRE FODEL ASSURE X I PERCENTY INCREASE ~ 77 " "WRTTFEI&TORITRODF SRR TTOTNUGATN
C IN QVERHEAD VAPNR FLOW OUE TO LIQUIND REFLUX FLASH=OFF 108 FORMATI/LIH «43(1H®) /2K #4130FA,4eF9,3¢SXe2FT .30 ®/1H +43(1H") /)
[ [+ )
IF (IMONE JEQe0) NFACT=NFACT*1.1 C PLACF VALUES HACKk IN FQUIP, PAR, LIST
BFACT=(DeRR¢SIMOLE (1) 8 (1.0=SIVPFR(1)))I/R C

DO 82 T1=1+NOCOMP EOPAR (2 oNE Y =RR
TTTTTTTTTSDUOMPI YL 1) ENFACTETORPTIY 0T T T T B FOPAR {6 «NF)=TOP INLK) /D -
R2 SOCOMP(1+2)=BFACT*BOT(I) EQPAR (TS NEY=TOP (MNHK ) /D
SOMOL £ (1) =ne0F ACY ERPAR (RGN I =HOT (NLK) /R
SOMOLF (2) =BeHFACT FOPAR(9(NFI=BOT (NHK} /R
C FOPAR (1agNFY =D
C CALCUL ATE PRODUCT TEMPERATHRES ¢ ENTHALPIES 3 ENPAR (1S «NF) =R
[of ’ ‘RF TURN
AB CALL DEWTP(=1+SOTEMP())+TKYV) C
CALL BUBTP(=2¢SOTFMP (2) +HKV) C cscece
CALL ENTH{=1+SOENTH{]) «DUM) C INTEFRNAL FUNCTION TO CALCULATF ALPHA VALUFS
CALL ENTH(=2¢SOENTH(2) sDUM) C K=VALUES CALCULATFD FNR PRODUCT STREAMS AT HUH,/DWT. POINTS
IF(IMODE.EQL.0) GN TO 130 C Al PHA VALUES THFM FOUND FROM GEOME TRIC MEAN
[ A . RV ¢
[ ADJUST PRODUCT Fi OWS FOR FLASH=OFF ON TOP « ANTTOM TRAYS 1000 SIMTR=0,0
C SHMHT=0,0
FL.OWI=SOMOLFE (1) DO 8BS T=]1eNOCOMP
FLOWZ2=SUMOLE (2} SOCOMP (14 7V =TOP (1)
ASSIGN 122 1O JRET SOCOMP (148)=80T (1}
T TP 125 TIsYe? T T T o e e B SUMTP=SUNTPTOP (1)
60 TO 120 RS SUMHT=GUMBTCHOT(T)
122 SOMOLF (1T1)=SOMOLF {IT)eFACTIII) SOMOLE (7)=SUMTP
DO 124 1=1+NOCOMP SOMOLF (8) =SUMHT
SOCOMP(1411)=SOCOMP(T411)#FACT(I]) CALL DFWTR(=T+DWTeTRV)
124 CONTINUE CALL HUHTP(=H.BHTHKY}
s & & £ 1 (5 At F=SORT (TKV (NHKY*RRY (NHK)Y — 7 77 ‘
CALL FNTH(IITeSOFNTH(TT) eDUMY DO A6 1=1NOCOMP
125 CONTINUE A6 AL PHA(T)=SQRT TRV {T)*RKYV (1)) /ALF
’ : GO TO NRETs (580
[ CALCULATE TEMP, « COMP, NN TRAY 7,7 = USE KEYS ONLY c cesnee .
c c INTERNAL FUNCTION TO CALC. FQUIL. ¢ OP, LINF INTFRSECTIONS
T30 BRETIYOFXET 7 (XOSYEY % 7.7 T - ¢

X72 (HRSYE® (XQ=X0) ¢YO® (XE=XQ) )/ (HHe (XQ=X0) ¢ (XF=XQ)) 96 A1255e (Rv=l.)
NO T77 1=1+NOCOMP ! AP=SGeXNT® (RV=],)=RY

777 SOCOMP(l.7)=0, QU (SURT(A2##2=4 SAL#XNT )/ (2.8A1)
SOMOLF (7)=1.0 Adz=0,59A2/4]
SOCOMP INLK s 7) =XT ) o = GO TO KINTe(94495)

cannae .

e G ICAMP (NHK o 7) 21 o< XT
INTERNAL FUNCTION TO CALCULATE FLASH ON TOP OR ROTYTOM TRAYS

SOPRES(7)=SIPRES (1) =1,
SOVPFRI(7)1=1.0

CALL DEWTP(~7+DWTeTKV)
SOVPFR(71=0,

CALCULATE APPROX, TO SPECTIFIC ENTHALPY OF SAT, RFFLUX STREAM

IsXaXaXaXa)

IL



120 VSAV=SOVPFR(I1)
IFLIT.EQ.1) SOVPFR(II) =0,

IF(IT.FQ.2) SOVPFR(I)=], SUBROUTINE ADD2

Iri=-11 ¢ -
CALL ENTH{ITT.HSAT.OUM) g CHESS FOUIPMENT SUBROUTINE °
SOVPFRITITT=VSAY
HSAT=HSAT/SOMOLE (11} T WOTTYTFN BY = WA, "WENZTES
¢ . c MC MASTER UNIVERSITY - 1969
g CALCULATE CONSTANT OF PROPORTTONALITY BETWEEN GROSS + NET PRODUCT g —vm———
FACT(I1)=(SIMOLE( - c THIS SUBROUTINE SPLITS THE INPUT STREAM INTO TWO OUTPUTS
TSHATTT LETIe1)~STFNTH(IT+13/HSAT )/ (SOMOLE (T1)=SOENTH(IT) /H ¢
DFLOW=SOMOLE (I1) 0 (FACT(I]} =], F 2
¢ GO TO JRET(121,122) ! C COMPUTED NET FLOWS FROM THE COLUMN MODEL
c
5;2 :Q;T§;6~524)NE.N|009 . g Eoglpugzggpzﬁa:glen LTST=
NPMAT (o = .
TerrETE Oggté;g_sggfL;EEUS:;xz.~ NO CONVERGENCE AFTER *+124% LOOPS ¢ 2. STREAM NUMARER OF FLASH DRUM VAPOR BLEEN=OFF
GO T0 81 T 3o 1. TFTUOP PRUODUCT TTVIDER + U, TF BOTTOM PRODUCT UTVIDER
c

C ceasans  COMMON DFCK nosues

[o}

COMMON/STMA/SEXTSV (234100) sSINTSV(10¢100) sNSMAXeMAXSEXsMAXSIN

COMMON/EQPA/ZEQPAR (25450) ¢ NEMAX +MAXEQP

' o T COMMON/CONTL/NINGNOUT «NOCOMP o NE S NEN =7 7
COMMON/STRMIN/SINUMIB) +STFLAG(B) sSIVPFR(B) «STTEMP (8)
1SIPRES(B) »STENTH(A) «STVISC(A) «SITHK(8) ¢ SILZ(AY4SIVZ(H) s
2SIMOLE(R) +SICOMP (20481 9SIXKV(20,8)
COMMON/STMOUT/SONUM(B) s SOFLAG (8) s SOVPFR(8) + SOTEMP (8) »
1SOPRES (8) +SOENTH(R) +SOVISC(8) 4 SOTHK(2) +SOLZ () +SOVZ (A s

ST T ZSDMULE T8 s SOCUMPTZ0BY v SOKV (Z08Y

COMMON/PRSV/TOP (201 4ROT (20)
COMMON/SYSC/LIMITSLIMIT24LIMIT32L00PLQOPS

c
c ponsss
C

T T UTMENSTON DOMITY T
DIMENSION STIDUM(B¢5)4SOIDUM(RLS)
EQUIVALENCE (SINUMsSITDUM) s (SONUMeSOIOUM)
NFLS=EQPAR(2,NE)
ISW=EQPAR (34NE)}

RODUCT DIVITER THE AMOUNT REMOVFD
MUST BE ADJUSTED TO TAKF ACCCUNT OF THE VAPOR BILEED-OFF FROM
THE FLASH DRUM TO ENSURE MASS BALANCE
T.E. FIRST ouTPUT = COMPUTED D = BLEED=-OFF

[s¥sXsXsXs (2]

' SOMOLE (1) =0,
SOMOLE T2y 207
1F (ISW.,NE.1) GO TO 3
DO 20 1=1,yNOCOMP
SNCOMP(T+1)=TOP(T) =SEXTSV(1+3.NFLS)
SOCOMP (1+2)=ST1COMP (141)=SOCOMP (141)
SOMOLE (1) =SOMOLE (1) +SOCOMP (141

T 20 SOMOUF (2 SS0MOLE(ZYVS0COMP (T4 2)
G0 TO 22
3 00 21 I=1,NOCOMP

SOCOMF (141)=80T (1}
SOCOMP (1+42)=SICOMP (141) =SOCOMP (T4 1)

SOMOLE (1) =SOMOLE (1) +SOCOMP(141)
21 SOMOLE (2)=SOMOLE {2) +SOCOMP{1+2)
22 D0 1 U=1.2
DO 1 1=3.5
SOTDUM(Js ) SSTINUM(LaT)
CALLU ENTHU=T»SOENTHTIY » DUMY
CALL ENTH(=24SOENTH(2)+DUM)
RFTURN
END

—
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C
C

C
T WRITYEN BY = W KT MENZTES

[eXsNaNaReiss e NN Ne Ko Xa e Ne Nel

TV,

SUBROUTINE ADD3

CHESS EQUIPMENT SUBROUTINF

MC MASTER UNIVEPSITY = 1969

,

THIS ROUTINE MODFLS A SINGLE STAGE VAPOR COMPRESSOR
THE COMPRESSION 1S ASSUMED POLYTROPIC

(PEVI#BCAUMA = CONSTANT

ENUIPMFNT PARAMETFR { 1STw

1. = NOOE NUMBER

2. = DESIRED OUTIETY PRESSURF = PSTA

3. = POLYTROPIC COMPRFESSION COEFFICIFNT

= FNTHALPY 'CHANGE = MM BTyU/HR -
S5¢ = VOLUMETRIC INFLOW MCE/HP
sopsss  COMMON DFCK  stsoss

COMMON/SYSN/KEFLAG(S0) oKSFLAGI100) +KTRACE «DERROR «NPFREQs TPUNCH
COMMON/EOPA/ENPAR (25+450) o« NEMAX « MAXFQP
COMMON/CONTL/NINSNOUT « NOCOMP o NE o NFN
COMMON/STRMIN/SINUM(B) +STFLAG 8) sSTVPFR(B) «SITEMP(H) o
ISTPRESIA) o STENTHIE) «STIVISC(8) o SITHK(B) 4 SILZ(AY eSTVZH)
PSIMOLE (R} 4 STCOMP (20481 2SIKRV(20+8)

COMMON/STMOUT /SONUMIH)Y 2 SOFLAG(B) s SOVPFR(H) +SNTEMP (A) o

T I SOPRES URY G SOENTHI AT o SOVISUIB) + SOTHR IR 4 SOLZ IR« SOVZ (8.

C

C

C
e

c

T GAMTE]

1

2SOMOLF (8) 2SOCOMP(204+8) «SOKV(2048)
posaos
_OYMENSION,DUM}I[,W” B
F TaP)}=( (2297 )%eGAM)® (Pe*RRAM])
D0 1 [=1eNOCOMP
SOCOMP (T+131=51COMP(TT)

SOMOLE (1)  =SIMOtF (1}
SAVPFRITTESTVRFRITY

SOPRES (1) =EQPAR(2+NE)
POUT=SOPRES (1}
PR=SOPRES (1) /STPRES (1)
GAM=EQPAR (3 eNE)
GENTTT
CALL ZDENS(1eZZeNUM)
2IN=227
FINSF(SITEMP (1) 4SIPRES()))

MAKE FIRST ESTIMATE OF OUTLET TEMP.

1CAL=0
TOUT=STITEMP (1) e (PR®®0,15)

2 ICAL=ICALe]

SOTEMP (1) =TOUT

s NeNel

(s NaNel

OO0

[aNalsel

w

»

CALL ZDENS(=14ZZ.NUM)

FOUTZF (TOUTSPOUT)

IFCICAL.GT. 1) GO TO 3

Tsv=Toul

ERRSVY=FOUT=F IN .
TOUT=SITENP {11 % [BRE¥D 35}~ T
GN TV 2

ERR=FOUT=F IN
TFL(ABS(ERRI/FINY JLTaYoE=a) GO YO 10

TT=2(TOUTRENRSV-TAVEFRR) / (FRRSV=-FRR)

SFILECT BFST PIVNT

TF LOABS(ERRY ) &GT, (ABS(ERRSY)Y)) OO
TSV=TOUT :

ERNSV=E RR

TouT=TY ’
GO TN 2

T0 «

CALCULATE ENTHALPY CHANGE

CALL ENTHE=14SOENTHIL) oDUM)
ENPARIGeNEISISOEMTHEL) =STENTHI1) ) e8] F =5
CALCULATE VOLUMETRIC INFOW
FOPARISNF)I=STIMOI F (1) 8]  Fu3®10, 7397 IN®SITEMP 1) /STPREST))
RE TURN

END

¢L



SUBROQUTINE ADD4 M SUBROUTINE ADDS
[ ————— N c Rl
Cc CHESS EQUIPMENT SUBROUTINE (o} CHFSS EQUIPMENT SURROUTINF
C (o
C WRITTFN BY = MR, MENZTES [of WRITIEN BY - WA, VENZTES
C tMC MASTER UNIVERSITY - 1969 C MC MASTER UNIVFRSITY -~ 1969
c m————— (o cmmee-
C THIS ROUTINE ADDS OR QEMOVES A CONSTANT HEAT FLUX FROM THE INPUT C
C STREAM o CALCULATES THE STREAM CONDITINNS AT THE NEW ENTHALPY (o] THIS ROUTINE COMPUTES THE SPLIT OF COMPRESSEN VAPNR BETWEEN
C [+ REBOTLER ¢ TRIMMER CONDENSER
[ EOUTPRENT PARANETER TTST= =g T TTHR  VALUE OF TRE SPLTY TS THE TONTROL VARTAR[E FOR SYSTEM CONVERGE
C 1. = NODE NUMBER C wHICH 1S AL SO HANDLED BRY THIS ROUINE
9 2e = HEAT FLUX {¢ FOR GAINs= FOR LOSS) = MM ATU/HD C
C (o
c ssaser  COMMON DFCK eeecse c EQUIPMENT PARAMETFHR L1ST -
[of C 1o = NODE NUMHER
T COMNONZ S TRAZSEX TSV I3 100 T v SINTSVITOZ T 00 Y INSHAX ZMAXSEXSMAXSIN T 7 7~ ¢ 7. = SPECTFIFD TEMP, ON PLATE 11 FOR CORVERGENCE . comn
COMMON/EQPAZENPAR (25450) e MAX s MAXEQP C 3. = INITIAL YALUE OF RFROTLER/TRIMMER SPLILT
COMMON/CONTL/NINJNOUT «NOCOMP ¢ NE « NEN c 4o = TEMP, FRROP FOR CONVERGENCE
COMMON/STRMIN/SINUMIB) +SIFLAG(R) «STVPFR(B) «SITEMP(8) e Cc Se = 1. FOR PUNCHED CONvV, OUTPUT + 0., OTHERWISE
1SIPRES(B) +STENTHIB) oSTVISC(8) o SITHKIR) oSILZ(R)STVZ(BY c
2STMOLE(B) +SICOMP (20+8) ¢ SIKV {20 8) C
COMMON/STMDUT /SONUM(B) o SOFLAGTB) +SOVPFR(B) «SHTEMP (B) « c sssose COMMON DFCK ®essso
1SOPRES(8) ¢ SOENTHIH) «SOVISC(8) o SOTHK(R) oSOLZ (H) +SOVI(8) c
2SOMOLE (8) 4« SOCOMP (204+8) 250KV (20+8) COMMON/SYSC/ZL IMITOLIMIT24t IMITIt O0P L OOPS
C COMMON/STMA/SEXTSV(234100)aSINTSV(10e100).eNSMAXsMAXSEXeMAXSIN
C soaans COMMONZEQPA/FQPAR (25450 ) o nEMAX W MAXEQP
c COMMON/CONTL/NIN«NOUT «NOCOMP o NE o NEN

T T DYMERSTON S TOUM TR T TV » SOMMUB T Yy — 7 mo e e

FOUIVALENCE (SIDUMeSINUM) » (SODUM s SONUM)
D0 1 123,11

1 SIDUM(3+1)=SIDUM(1+1)
SAVE=FOPAR(2+NE)

. SIENTH{1)=SIENTH(1)+SAVE®*].E6

T T TENPARTZWNET=0LT S

CALL ADBF
EQPAR(2+NE)=SAVE
DO 2 1=3,11

2 SINDUM(L+1)=5INUM(3.1)
RETURN

END -

[sXaKg]

105 FORMAT (#.00P
TTTTNNEGED :

e
C
c

COMMON/STRMIN/STNUM (BY o STFLAGIB) «+STVPFRIBYSSTTEMP(RY,
ISTPRESCH) «STENTH(B) o STVISC(8) e STTHK(B) +SILZIR) 9STIVZ(B)
PSTMOLE tH) «STCOMP (2081 4STKVI2048)

COMMON/STMOUT/SONUM(R) +SOFLAGIH) s SOVPFR(H) « SOTEMP(B) s
1SOPWES(R) s SOFNTHIB) «SOVISOIH) «SOTHK{R) +SOLZ(A) +SNVZIL(R) «
PSOMOLF (8) «SOCOMP {20481 1SOKV (2048}

cessoe

DIMENSTON SITDUM(B410)SOTDUMIRCL0)Y
EOUIVALENCE (SINHMeSTIDUM) o (SONUMSOTOUM}
DATA CHFSSeREC/SHCHESSIH /
IFLLO0P,GT1) GO TO 1
1P=EQPAR(5NE)
FlINC=0,
IF(IP.FQ.1) WRITF(741065)
sPLLIT TEMP

ERROR*)

NPOS=0

1vAL=0

XSPLIT=EQPAR {3«NF)

TERR=EQPAR (4 WNE)

6O YO 23 o o )

HAS FUNCTION CONVERGED FNR ANY PARTICULAR XSPLITY
1 TEMP=EQPAR{(16+2)

ICON=0

vL



IF(IVAL.NELO) GO TO 2

GO0 1O 19

TT=TEMP 18 IF(FUNC.GT.FPOS) GO To 19
IvaL=] XPOS=XSPLIT
G0 TO 19 NPOS=FUNC

2 IF(IVALWNEL]) GO TO 3 ¢
TVAL=2 T T CONTINUE T
G0 TO 31 IFLIP.EQL]) WRITF (741011 00PeXSPLITeTEMPSFUNC

3 FNCT=ARS(TEMP=0,58(TLAST+TT)) 101 FORMAT(TA4FB.44F10,34F8,4)
IF(FNCTLLT(1.5%TFRR)) GO TO 4 IF (ICONLNELL1) GO 1O 23

31 TLAST=TT XSPL1IT=XSPT
TT=TEMP - [«
GO 7019 "“' 2300?2112

4 IVAL=0 [FtJ.F0el) XX=XSPLIT

FUNC=EQPAR(2aNE)=TEMP
WEITE (69107 XSPLTITFUNC

107 FORMAT (/% SPLIT « TFMP, FRROR®,2F10,4/)
IF (LARS(FUNC)) JLTLTERR) GO TO SO

—_—
c CFUNCTION HAS CONVERGEN FOR PARTICULAR XSPLIT
C

IF(FUNC)S545¢7
S IF{(NNFG.GT.0) GO TG 6
NNEG=1
XNEG=xSPLIT
FNEG=FUNC
& 1F(NPOSL.GTL0) GO TO 10
XSPLIT=XSPLIT«0.015
6O 70 19
T IF(NPOS.GT.0) GO TO 8
e NPOSE] - e e
XPOS=XSPLIT
FPOS=FUNC
B IF(NNEG.GT.0) GO TO 1n
XSPLIT=XSPLIT=0,.015
L 60 T0 1Y
10 IF(FUNCY11ellsl2
11 Xl=xpPo0s
F1=FPOS
GO TO &
12 X1=XNFG

FI=FNFG

CALCULATE NEwVALUE RY REGULI=-FALS!

[sXeNe]

16 XSPT=(XSPLITOF1=x1*FUNC)/ (F1=-FUNC)
ICON=1

IF(FUNC) 15415417

15 IF(NNFG.GTLL) GO TO 16
NNEG=2
GO TO 19

16 IF(FUNCJLTL.FNEG) GO YO 19

TTTUTTTTOUXNFG=ExSPLIT T T T T T

FMEG=FUNC
G0 TO 19

17 IF(NPOS.GTe1) GO TO 1R

. NPOS=2

IF(U.FG.2) XX=1o=XSPLIT
DO 20 1=3.10
20 SOIDUM(ITI=STINIM(LT)
SOFNTH{ I =STENTH(1) ® XX
SOMOLE (J1=STMOLE (1) ®XX
DO 21 T1=21,NOCOMP
SOCOMP (T4J)=STCOMP (T41) ®XX
RE TURN
50 EOPAR(3eNEY=ASPLTT
WRITE (Ae102) XSPLIT
102 FORMATI(//1H +BSYSTEM CONVERGED AT SPLIT NF #.F8,4)
CALL OVERLAY(CHESSe4e0eREC) -
END

2

—
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APPENDIX TV

CHESS SYSTEM LISTINGS

.Lisfings of all CHESS executive subroutines are presented.
Equipment subroutines from the original CHESS system which have
been used in the present simulation are listed in Appendix IIL.
Subroutines ADBF and HXER have been modified for the present
~application énd their original forms are not given. The remaining

original equipment subroutines are presented here.
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CHESS STMULATION SYSTEM

COCRa 00 OVERTAY VERSTON T

PROGRAMS MAINOQ = MAINAD CORKESPOND T OVFRLAYS 00 = 40
AND HANDLE THF OVERALL SEQUENCING OF SYSTFM CAt CULATIONS

PRNGRAM MAINOD {(INPUT=1001+OUTPUTIPUNCHL00]1 « TAPFSTINPUT,LTAPER=OUT
1PUT ¢ TAPE T=PUNCH)

avswss  COMMON DFCK svssse

T CALLTRTYOV
2 CALL SFYOV

ano

COMMON /SYSA/MPM(10450) sKSEMII4100) ¢NIMAX
COMMUN /SYSAAZTITLE (20) «COMPNT (20) +KOMNAM (80}
COMMON /SYSB/KF T (500 oNEIMAXeKF2(50) « NEZMAXSKE3 (50 o« NEIMAX .
IKF4{10) yNEOMAXSKREToKRET24KNETD
COMMON /SYSC/LIMTITLIMIT241 TMIT34L00P+LOOPS

T TTTTEOMMONT Z7SYSOZKEF T EG ST VRSFUAGT O X 0 v
COMMON/FOPA/EUPAP (125450 ) yNEMAX s MAXE QP
COMMON ZEQPB/NECALL (5N) «NFXFONIS0) o NAME (S0)
COMMON/CONTL/NTNWNOUT s NOCOMP oNE o+NEN
COMMON /STMA/SEXTSV (234100) ¢ STNTSV(104100) ¢ NSMAX MAXSEXIMAXSIN
COMMONZSTRMIN/STNUM (A} s SIFLAGIA I SIVPFR{K) «STTEMP (H) »

T IS TPRES A A STENTHIRY o STVISC I8 ¢ STTHRIRYFSTLZ IS 3STVZ (8 s ="

2STMOLE (B +STCOMP(20e8) STV {2048)
COMMON/STMOUT/SONUM(A) « SOFLAG(H) s SOVPFR(B) « SOTFMP (H) o
1S0PRES{H) +SOENTH ) 4SOVISC(B) «SOTHK (R) +SOLZ (BY950VZ(8)

2S0OMOLE (B) +SOCOMP (2048}« SOKV {20 ¢H)
COMMON /PHD/APCL20) +ATC (20} s AVC (20} s AMW(20) + AOMEG(20) s ADEL(20) s
TAVW(20) «APH{Z20) +BET{20) «GAM{20)} 4DTA(20) 4EXFLAG
COMMON /KHSAV/BASEA(20) ¢HASERN (20} 4ZCN(20) «ALD(20)
COMMON /HXMS/NESAVE (20)
COMMON /MTST/ISAVEX{4N0) «SAVEQI200)
COMMON /OVR/NRET
C

PROGRAM MAIN30
CALL SURSET
END

PROGHAM MAIN3L
COMMON ZOVR/NRET
CALL MS8tQ

GO TO (1421 «NRETY

END

PROGRAM MAINIZ
COMMON /OVR/NRET
CaLL AD1S

GO TU {1+2)sMRET
T T TCALLURCYOV T T
2 CALL SETavV

EMD

TTTTTTTTTUCALL RCYOV

~

PROGRAM MAIN3I]
COMMON Z/OVR/NRET
CALL ADLl6

GO TO (1e2)oNRFT

CALL SETOV
FND

T noanse - -

4
INTEGER COMPNTTITLE
LOGICAL EXFLAG

CALL SUBOO

R

PROGRAM MAIN1D

DATA CHESSIREC #SHCHESSeIH /
CALL DREADIL

CALL OVERLAY{CHESSe2eDeRER)

FND o

SUBRCUTINE SUB00

DATA CHESSeREC /SHCHESSsIH /
CALL OVERLAY (CHESS»140sREC)
EnD’

PROGRAM MAINZ20

DATA CHESSREC /SHCHESSelH 7
CALL COMPID

Catt INIT

T ITCALLTROYOY T T

PROGRAM MAIN3G
COMMON ZOVR/NRET
CALL ADLT7

GO TO (1+2)eNRET

T 17CALL ROYOV
2 CALL SFTOV

[2UH)

PROGRAM MAINIS
COMMON /OVR/NRET
CAL.L ADLH

GO TO {142)aNREY

2 CALL SFYNV
EnD

PROGHRAM MAINIS
COMMON /OVR/NRET
CALL AaDP19

GO TO (1+2)WNRET

TACLC ODCRETRKUTRETY
IF (LIRETLEQ.0) GO YO 1
WRITE (6423
2 FORMAT(18BH DCHECK FERROR-EXIT)
CALL EXIT
1 CALL PPRINT

T CACL RCYOV
2 CALL SETOV
END

PROGRAM MAINAGO
CALL RIPRNY
CALL PTEQPT(1)
CALL SUBOD

CATCC OVERUAYTCHESSTIVOITRECT
EnD

TN

LL



SUBROUTINE ARSR

c
C sossos  COMMON DFCK #%oses
C
T COMMONZSYSH/REFUAGTSUY sKSFUAG UIGU VR TRACE SDERR

COMMON/EQPAZEQPAR (25¢50) « NEMAX s MAXEQP
COMMON/CONTL/NINNOUT «NOCNMP 4NE «NEN
COMMON/STRMIN/SINUMIB) +STFLAG(8) «SIVPFR(B) 4 STTEMP (B} s
1SIPHES(8) »STENTH(B) 4 SIVISC(B8) oSITHK(BYsSTLZ(A) +STVZ (8)
2STMOLE (8) +STCOMP (2048) sSIKV(2048)

OR«NPFREGTPUNCH —

COMPTON/STROUTZ7SONTM TR Y sSOFTAG (BT s SOVPFRUAY SSATENP (BT
ISOPRES(8) «SOENTH(R) +SOVISC(B) +SOTHK (B «SOLZ(A) +SNVZ (8) e
2SOMOLE (8) +SOCOMP (20481 9SOKV (204 8)

snanne

OO0

DYMENSTON DOMITY
INTEGER COUNT
, LOGICAL FLAG -
RFAL EQR(20) ¢KS(20) oL OVRY
CALL 7ERQ(EQR«20)
CSOVPFR{1)=
SOVPFRI2)=0%
nr=2,
TF(SITFMP (1) LT, SITEMP (2}
SOTEMP (1) =STTEMP(2) N7
SOTEMP (2)=SITEMP (2)
TEMP=STPRES (2) -
IR ISTPRES I SUT S TPRES 12Ty TEMP=STPRES 1Y)~ 7~ -~
SOPRES(1y=TEMP
SOPRFS(2) =TEMP
HIN=SIENTHIL) +STFNTH(2)
NPI=EQOPARI24NEY » 1,1
SOMOLF {1)=SIMOLE (1)
TS UMOUFTR2TESTMOLETY T T -
DO 2 I=1+NOCOMP -
SOCOMP(1«1)=STCOMP (191}
2 SOCOMP(142)=51COMP(152)
CALL KVAL{1+ANSsKS)
00 9 COUNT=1+30
T T TCALLTFRTHT=T Y SUENTRITY »DUMT — T
SOENTH(2) =HIN=SOFNTH(1}
CALL TSUBH(=2«SOTEMP(2) +DUM}
CALL KVAL(=2sANSWKS)
C*® ARSORB. ROUTINE STARTS HERE
L.OVRV=SOMOLE (2) /STMOLE (1)

DT==2,

SOMETS

D0 5 T=1+NOCOMP

TEMP=LOVRV/KS (1)

TF(TEMPL.GT,.504)

TFMPO=TEMPSaNP]

TFMPO= (TEMPO=TEMP) / (TEMPNa1,)
TTIFTTEMPOL6TL1,0) TEMPO=1,L -
. TEMP=SICOMP (1+1)#TEMPO

SOCOMP (1+1)=SICOMP (14 1)=TFMP

SOCOMP (1+42)=S1COMP (T142) ¢ TFMP

5 SUM=SUM+TEMP

TEMP=50.

SOMOLE (13=SIMOLE (1) «SUM

SOMOLE (2)=SIMOLF (2) +SUM
C*##ABSORB, ROUTINE COMPILETE #e

FLAG=,TRUF .

DO 7 1=1+NOCOMP

7 EQOR(T)Y=KS(I}
IF (FLAG) RETURN
9 CONTINMUE
WRITEC asll) NE
FORMAT (43H0®e® ARSORRFR CALCULATION FOR EQUIPMENT NO.sI3s46H DID N
T T 20T UONVERGES CURRENT VATUFS WITUT ®E OUSenyY T

SURROUTINE CLEAN
c
Cao THIS SUHROUTINE 7FRNS FOLt OWING COMMON STORAGES BY CALLING SUBROUTINE
Cos BZERUX (TARKAYISTZF)®
- ¢ PRSh ARt
[ sussso

C

COMMON DFCK  wnossas
COMMON/SYSAA/TITI F{20) «COMPNT (20) « KOMNAM (R0)
COMMON/SYSA/KPM(10e50) +XKSFM(34100) eN3MAX

COMMON/SYSB/KF 1 (50) «NFIMAX «KEZ2(50) sNE2MAXWKEI(S50) W NEIMAX .

TTF TRRSTRS T = AR TITT /RS TIT BT T.E=ST FLAGE.FAUSF, T

T T TKE A TIUT e NEAMAX W RRE TSRRE T2 KRETT -
COMMON/SYSD/KEFLAGISD) «KSFLAG(100) s KTRACE «DERRORNPFREQ s IPUNCH
COMMON/FOPA/FOPAP (2550} «NEMAX<MAXEQP
COMMON/ZENPB/NECAL L (S0) «NEXEON(S0)) ¢ NAMFE (50)
COMMQON/HXMS/NESAVE (203
COMMON/STMA/SEXTEVI(234100) «SINTSV104100) e NSMAXeMAXSEXeMAXSIN
“EOMMON/STRMIN/STNUMIBY « STELAG (BT« STVPFR IR} «STTEMP (8] «

1STPRES(R) s STENTHIB) «SIVISC(R) «SITHK({A) o SILZ(A) «STVZ(B)

2STMOLF (B) +SICOMP(20+8)sSTKV{20+8)
COMMON/STMOUT/SONUMIB)Y «SOFLAGIE) « SOVPFR(8) s SOTEMP (8) «

1SOPRES (81 s SOENTHIR) o SOVISC () o SOTHK (8) sSOLZ(RI»SOVZ(8B) e

2SOMOLF (8) «SOCOMP (209 H) +SOKV (2098}
COMMON/MTST/ISAVFX {400) «SAVER(200)
COMMOM/PHDZAPC(20) sATC(20) sAVC (20) 2 AMW (20) AOMEG {20) vADEL (20) »

TAVW(20) s APH(2D) «BFT(20) s GAM(20) sDTAL20) sEXFLAG

EXTX XY

000

o INTEGER CTTTLE «COMPNT — o~ =
CALL ZEROX(TITLF+120)
CALL 7EROX(KPMsR01)
CALL ZEROX(KEle167)
CALL ZFROX(KEFLAGY154)
CALL ZEROX{EQPARY1252)
CCALUTZEROXTNECAUL w150y~~~
CALL ZFROX(SEXTSV+3303)
CALL 7EROX(SINUM.40H)
CALL 7FROX{SONUMs408)
CALL. ZEROX(NESAVE20)
CALL ZEROX(ISAVFXs400)

O TTIET. 2007
SAVEO(11=1.0
CALL ZFROX(APC+220)
1 CONTINUE

RETURN
£ND

8L



SUBROUTINE DCHECK(IRET) SUBROUTINE  DIST

[ aaspas  COMMON DECK ®oepnas C
c ¢ sBoese  COMMON DFCK ewsaan
COMMON/SYSA/KPM(10950) sKSFM(34)00) sNIMAX c
COMHON/STHAZSEXTSVIZIWT00) «SINTSVII0 T0UT s NSHAX S MARSEXSHAXSTIN —~— —— COMMON7SYSD/KEFLAGTSU) vKRSFLAGTTUT ) sKTRACE sUERRORZNPFREGSIPUNCR
C COMMON/FQPA/ZEGQPAR (254501 +NEMAX yMAXEQP
C sansan ) COMMON/ZCONTL/NINGNOUT 4NOCOMP o NE s NEN
¢ COMMON/STRMIN/SINUM(B) s STFLAG(8) +STVPFR(B) «STTEMP (L) o
C 1STPRES(8) « STENTHIR) o STVISC(BI +SITHK(8) 9SILZ(R)sSTVZ(B)
c 2SIMOLE (B) «STCOMP(2008) 2 STKV (2048}
TOGITAL FLAG CAMMON 7S THOTT 7SORUMTBY 5 SOFLUAG (BT +SOVPFR UBT s SATENS (BT
FLAG=.FALSE. ISOPRES (H) s SOENTH(B) «SOVISC (B) « SOTHK (8) 9SOLZ (R) +SOVZ(B) »
J=0 2SOMOLE (B) s SOCOMP (2048) 4 SOKV(2048)
00 10 I=1+NSMAX c
! IF(KSEM(1+1).,EQ.0) GO TO 10 ¢ sasooae
IF (KSEM(241) EQa0ANDKSEM(3+1).EQ.0) GO YO 2° c
T T IFAKSEMIZS TTLEGL L AND . . ST ST Y U O D0 OR T T  IITHENSTION DUM{TIY T
1 ABS(SINTSY(2+11=3,),LT.0,001)) GO TN & DO 18 NSN=1+NOCOMP
IF(KSEM(391) JEQ.0.AND.ABSI{SINTSV(2+11=2.),.67.0.001) GO YO 6 NSS=NSNs 3
10 CONTINUE SOCOMP {NSN+ 1) =STCOMP INSN«1) *EQPAR (NSSHNE)
G0 Y0 8 : 18 SOCOMP (NSNe2) =STCOMP (INSNe 1) =SOCOMP {NSN+ 1)
2 WRITE( 6+22) 1 [«
T3 FUAGEVTRUE. T T T T T T e ¢ CALCULATE AMOUNT OF OVFRHEANS AND BOTTOMS —7 77777 -
GO TO 10 19 SOMOLE (1)=0.
a WRITE( 6426) 1 20 SOMOLE(2)=0.
G0 TO 3 DO 23 NSN=1eNOCOMP
6 WRITE( 6926) 1 DO 23 1 =1.2
GO 70 3 ?3 SOMOLF (1)=SOMOLE (1) ¢SOCOMP INSNe )
B IF LROT.FLARAGTY GU 10U 30 CUSAVPFRIIYITY, T T
WRITE( 6+28) SOVPFR(2)=0.
IRET=} DO 24 1=1e2
RETURN SOTEMPLT)=STTFMP (1)
30 IRET=0 . SOPRES (11 =STIPRES (1)
RFTURN ) CALL ENTH{=1+SOENTH{])sDUM)
22 FURMATIIZRO STREA™ NU,,FI8+30R HAS WU CONNFECTING EQUIPHENTS.Y 24 CTONTTINUE
24 FORMAT(12HO STREAM NO.s144104H APPEARS AS A FEED STREAM IN THE PRO RF TURN
1CESS MATRIX RUT 1S NOT CODED AS SUCH IN THE STREAM VARTABLES MATRI END

2X.)

26 FORMAT(12H0 STREAM NO.el44106H APPEARS INTHE PROCESS MATRIX AS A p
1RODUCT STREAM BUT IS NOT CODED AS SUCH IN THF STRFAM VARIABL%E:EY
ZRTXST

28 FORMAT(1HO+///54H #o% COMPUTATION FOR THIS DATA SET WILL BE TERMIN
1ATED.)

END

6L



SUBROUTINE DPRINT

L2 2 2 2 COMMON DfFCK EX 2222

(e Xz X el

4l
40

1F (NF3MAXNE.O)
IF (NE4MAX NELO)

WRITE( 6e440) To(KE3(J)eJd=19NEIMAX)
WRITE( 6.441) (KE4 (J) s Uzl eNELGMAX)

FORMAT (#OSTREAMS USED IN CONV. ROUTINE(KEG)®412X+10(12+1He))
FORMAT (#ORECYCLE LIST KE®+I11430Xe25(I241He)/4TXe25(1291He))
WRITE( 6442) DERPRORs LOOPS

T COMMON/SYSAR/TITIEZ07 sCOMPRNTTZUY s ROMNAPTHOY
COMMON/SYSA/KPM(10950) +KSEM{39100) sN3MAX
COMMON/SYSB/KEL (S0) oNEIMAXsKE2 (50) +NE2MAXsKEI(50) «NEIMAX S

IMF4(10) oNESMAXsKRET9KRET24KRET3
COMMON/SYSC/LIMIToLIMIT2s{ IMITIL OOP+LOOPS
COMMON/SYSD/KEFLAG(50) +XSFLAG(200) sKTRACE+DERROR «NPFREQs IPUNCH

C
Ce»PRINT QUT REMAINING

c

Ey

FORFAT{FUTOLERANCE v FFNERRORSTF 2 25X F10.377% RAX, LOUPS TN RECYCLE

1 CALC.®917Xs14)

IF(KTRACE.EQ.=3)

INPUT DATA BY CALLING #PTPRNT#®,

RETUON

COMHONZENPR7FUP AR (253507 s NEMRXSWAXETF
COMMON/EQPA/NECALL(50) oNEXEQN(S0) ¢ NAME (50)
COMMON/STMA/SEXTSV (23,100 «SINTSV(104100) 4NSMAXsMAXSEXsMAXSIN
COMMON/CONTL/NIN«NOUT «NOCOMP +NE 9 NEN

Haonns

aqoo

INTEGER COMPNTTITLE

(]

18 WRITF(6+19)
19 FORMATL1IHI 9 /40X 46(1HD) /00X e2HPR 442X e 2HEBR ¢ /40X e 2125 1BX9SHCHESS e
) 110X e2H28 ¢ /40X 2HE# 942X s 2HA B JA0X12HED 442X ¢ 2HB O 4 /HOX 9 2HBH 42X ¢ IBHCHE

‘ PMTCAL ENGTINEERING STMUCATTION SYSTEMyZ X9 ZHE#¢/740X e 2HAB 142X 2H3 R4 /40"

3Xe2HIB 442X a2HB G ¢« /40X e PHE® 44X« JGHDEVEL OPED AT UNIVFRSITY OF HOUSTON
446X92HR0 /40X 2HB 35X 31HFOR OPERATION ON IHBM SYSTEM 3604,6Xs2Heo,/
SUOXe2HIB 442X s 2HB B ¢ 740X e 2HB® 45X e 32HMODIFIED AT MC MASTER UNIVERSITY
645X 212HAB s /H0X 9 2HB 845X e 32HFOR OPERATION ON CDC SYSTEM 5400+45Xe2Ho0,
T760Xe2HBR 442X s 2HBB 4 740X 4R (IHR) 740Xe46(1IHS)Y 1 //7/77)

Lo
C*#2PRINT PROCESS MATRIX HEANDINGe THEN PROCESS MATRIX
WRITE( 6+22) TITLE
22 FORMAT(®1242084//71BX+82#PROCESS VECTORS#®#e//8 o0 EQUIPMENT ...
1,..%013X9#STREAM NUMBERS#/8% NUMBER SUBROUTINE NAMES® )
DO 24 I=1eNEMAX

TFIKPMTI+ 17, LE.0T GO 10 2%
WRITE( 6426) KPM(1e1) oNAME (1) «NEXEQN(T) s (KPM(Js 1) 9 J=2eNIMAX)

24 CONTINUE
26 FORMAT(/15+7TXeA%45X0A%e6Xs915)

[ -
Co**WRITE STREAM AND EQUIPMENTS CONNECTION

WRTTET By27y TITLE

27 FORMAT(#18420A6//23X+822STREAM CONNECTIONS®#8//22X e #STREAM® 44X *EQ

TUIPMENT® /30X s #FROM T0% )

DO 28 T=1eNSMAX

IF (KSEM(191),EQ.0) GO TO P8
WRITE( 6429) (KSEM(JeT)eg=14+3)

78 CUNTINUE

29 FORMAT(/20X+164217)
WRITE (6+30) TITLE «NOCOMP «NEZMAX sNE3MAX s (COMPNT (1) « I1=1+NOCOMP)

30 FORMAT(#12,20A4//12X+###0THER SYSTEM VARIABLFS®es//
1e NUMBER OF COMPONENTS®#424Xe14//% NUMBER OF 1TEMS IN RECYCLE LIST!
2KF2)1%+8Xe14/% NUMBER OF [TEMS IN RECYCLE LIST(KE3) ®eBXe14//

e TP ONENT "NUMEFRS USED® s 24X+ 1299 (IH v T2V 7 186X 123 I UTH s T2YTT
o
' 1=2
IF (NE2ZMAX.NE.0) WRITE( 6440} T+ (KE2(J)eJ=14NEZMAX)

=3

TFIRTRATE(NE . =T7
IF (KTRACENE.=2)
RETURN

END

CECT PTPRNT
CALL PTEQPT(O)

08



SUBROUTINE DREAD) .
Cees TYPE 1| SHOULD CONTAIN WORD #CLFAN® IN COL. 1=5,
g... ALL QTHFRS ARF TRFATED AS TYPE 2 AND DO NOT RFQUIRE /PMLIST/.

TR T BB BB "TOMM’UN_UYCK—G'V'UBG - T T e

o
COMMON/SYSAA/TIY!E(ZO)OCOMPNT(ZO’qKOMNAM(RO)
COMMON/SYSB/KF](GO)vNFlMAXoKt?(SO)-NFEMAXvKF1(50)~NE3MAXo
IKFO{10) sNE4MAX S KRET o KQET24KWET D
COMMON/SYSC/LIMITALIMIT2+1 IMIT 31 00P 4| OOPS

TTCOMMON/SYST REF L AGT Sy S KSFUAGT I U0 Y vKTRACE S UE PRUNTNPFRET + TPUNCH
COMMON/EQPH/NECALL (50) s NEXEUN(50) ¢ NAME (S0
COMMON/ZCONTL /NINSNOUT o NOCOMP o NE o NEN
COMMON/PHO/APC(?O)oATC(?O)-AvC(ZOI-AMN(ZO)-nnMFG(?O)~ADEL(20)o
IAVW(?O)vAPH(?O).NFT(?O)-GAM(&O).DTA(?O)-FXFLAG

C  AVAILABLF ®#30% EQUIPMFNT SUBROUTINE NAMES
T INTEGFR ONMULTISTI30Y T
DATA NMLIsY/AHDvth«Hanr.«HMIxu.AHAnHF.aHRFAC.AHvALv~AHHxER.AHPUM
]P.QHAHQR.QHMSEO.AHFHTQ.QHADﬁl.AHADUZ.AHAUUB.aHADDu.kHADD%.kHADDG.A
THADNT7 «4HADDB ¢ 4HAND I 4 HAD TN 9 4HAD T 1 a4 HAD 1 20 4HAN T 304 HAD 4 v 4HAD 1S 0 4HAD
1160 %HADY 74 4HAN L84 4HADIY/
+ C
C FOLLOWING DUMMY ARRAYS ARE USEDN FOR BNAMFELIST® RIGIN~INPUT OF
c SKPMS 3 8EQRARL « 8SEXTSVESAND #STINTSVE ARRAYS,
C
COMMON/SYSA/ KPMY (10} 4KPM2(10) oKEMI(10) sKPML(10) sKPMS (10) sXKPM6(10)
l.KPM?(]O)~KPMH(10)'KPM9(10)oKPMIO(IO)-KDMll(lO)-KpMIZ(IO)vKPMXB(IO
? )cKPMl“(lO)vKPMlS(lO)vaﬂlb(IU)oKPMlY(lU)-KDNlH(IO)»KPM]Q(IU)v
XP"?U(XU?vKPM?Ir101-KP"??(IO?oKPHZB(IU7vKPM?G(ln7.KPM?5(107-
KPM2EL10) sKPMPT {10) okPMPR {103 «KPM29 (103 oKPMIO(10) oKPMIL (10} o
KOPMIZ(10) «KPM33(10) okPMIL(10) «KPM3S(10) o)k PMIGS(10) oKPMIT (10} s
KPMIB(10) sKPM3F(10) okPMAN(]10) oKPMAL(10) oKPMA2 1N} +KPME3(10) »
KPM&G (1U) sKPMAS(10) okPMLAL]10) oKPMGT (10) sKPMAR(10) ¢KFPMGY (10 &
KPMS0(10) sKSFM(34100) sNIMAX

x~w2r2nad

o g

COMMON/EQPA/ EQPY (29 JEQP2(25) +EQP3(25) +ENPL (25) FOPS(25) +EQP6 (25)

l'FQU7(?b)'FQPH(QR)'FOD9(?§)'EOPIO(ZS)-EQPll(?S)-Fopl?(?&).{opll(?s

2 1SENP14I2S)YEOPISI25)+FQPI6(29) oFOPL1T(29) sENPIB(25) +EQP19(25)

3 FQYP20(25) +FQP211(25) +FQOP22(29) «EQP23(25) +EQPP4(25) +EQP25(25) »

4 FOP26(2S) sFQPR2T(25) «FUPPRI2S) sF QP29 (25) +FQPI0U(25) «EQPIL (25) o
- M”““‘QWFGP3?T?ST'F0933T?STVFCP?&T?57anDBS(ZS).FOP16(?§)-EOP3?(?S)v

6 FOPIBI25) +FQP3V(25) oFUPLN(25) o b QPSL1(29) 1FQUPL2 (25) vEQPL3(25) o

T FOPGL(25) QPGS (25) 4F QP46 (25) sEQPGT (25) sEUPLB (25) «EOPLY (25)

B FNPS0(25) «NFMAX MAXENP

COMMON/GTMA/ SEX) (23)4SEXP (231 eSEX3(23)9SFXA(23) ¢SEXS(2)) o SEXG(2)

JeSEXT7(23) «SEXB(23) ¢SEXI(23)oSEX10(23)eSEXIL{P23) +SFX12(23)
T SEX I 323 Y SEXTA T3V S SEX TS U3 e SEXIR(P3) s SEXT T2 o SEXIB(23) . -
SFX19(23) o SEX20(23)sSEX21(23) +SEX22{23)+SEX23(23)+SFX24(23)
SFX25(23) «SEX26(23)+SEX2T7(23) +SFX28(23)+SEX29(23) ¢ SFX30(23) s
SEX31(23)+SEX32(23)+SEX33(23) eSEX34(23)+SEX35(23) ¢SEX36(23)»
SEX37(23) sSEX38(23)9SEX39(23)«SEX40(23)»SEXGL1(23) «SEXG2(23) 0
SEXSG3(23)sSFXLL(23)+SEXLG(23) +SFXLK(23)9SEXLT(23) ¢ SEXGB(23)
SFX49{23) o SEXS0{23) «SEXS1{23) «SEXS2(23) +SEXS3{23) +SEXS4(23)
SEXS5(23)9SEXSH(23) +SEXST (23 «SEFXS8(23) +SEXSO(23) ¢ SEXO60(23) o
SEX61(23) 9sSEXO2(23)+SEX63(23)eSEXO04(23)9SEXO5(23) «SEXH6(23)
SEXET(23) +SFX6B(23) +SEXAO (231 +SEXTO (231 4SEXTL{23)9SEXT2(23)
SEXT3(23)9SEXT4(23) «SEXTS(23)oSFXTH(23) +SEXTT(23)4SEXTB(23)

!

i

I
OTP0A~NI NS W

[eEeNeRae)

SEXTI(27) «SEXBO(23) 9SEXHY (23) e SFXB2(23) «SEXAI(23) o SEXBL(23) s

SEXRS(23) e SFXB6(23) s SEXRT(23) 2 SEXBE(23) «SEXRI(23) 4 SFX9UI23)

SFXO1(23) «SEXG2(23) +SFX93(23) ¢+ SEX94(23) «SEXO5(27) +SFX96 (2 W
G SEXYT(23) +SEXGB(231+8EXY9(23)«SFX100(2)

COMMON/STMA/ SINT(L10)aSIN2(10)9SINI(10)aSING(L10) aSINS(I0)4SINGCLO)
TTCSTNTTUIOY s STNBUITY sSTNI I W STINITTTIUYSSTNILI {10) «§TNIZ2 (10} ’
SINIZCI0) oSINIGIL0) oSINLIS(10) «SINIE(10) e SINLI7(10) +SINIB(10)
STINIG(1O0) «SIN20(10)+SIN2L(I0)«SIN22(10Y «+SINPI(10)«SIN24(10)
SINZS(10) oSIN26(10) +SIN2T(LI0) «SIN2BIIO) oSINPI(10)YaSIN3O(1I0)
SINILCLOY 9SIN32C10)«GIN3ACI0)eSTNIG (1)) «SINIS(10)eSIN3G(10)
SINITL10) «SIN3R(10) «SINIO(LI0) oSTNGO(10) «SINGLLI0) 9SING2(10)

nmm2

i

M AT P>LITNTNE 0N

SINGO(10) «SINSD(10) +QINSTLLIU) oSINS2(10) 9 SINS3(10)«SINSL(10)
SINSS{10) «SINSOCIN)I aSINST(I0) aSINSBI10) s SINSQ(IN)4SINGO{10)
SINGTLI0) «SINGE2 (10} «SINA(TNY «STNGATLI0) «SINAS (10 +SINGE6(10)
SINAGTLLOY «SINOGREI0) oSINAO(TU) «SINTO(10) o SINTI(10)eSINT2(10) o
SINTI(IOY4STINTG(10) 4 SINTS(10) oSINTOEI0) 9 SINTT(LI0) 4SINTA(10)
STN7SIN) «STNRO (10T «STNAT(10) «STHB2(10) « SINR3(10) +SINBL (10,
STINESCI0) «SINBE(10) «SINKT(L0YSSINBR(10) «STNARG(10) «SINIO(10)
SINGLE1I0) «STND2(10)aSTINGICTU) «SINIS (101 «SINOS{10)+SINGG(10)
G SINY7(10) sSTNIR(T10) «SINYG (10U aSINIOO(10) +NSMAXGMAXSEXsMAXSIN

aceono

LOGICAIL EXFLAG
INTEGFR SNAME(100) «FNAME (S0) o TITLE«COMPNT
DIMENSTON KNM (&)

DIMFNSTON KPM10450) «FOPAR(25¢50) e SEXTSV (231001 SINTSV (104100}
FOUTVALENCE (KPMoKPML ) o (FOPARGEGPT) o (SEXTSVs SFX1V9 (SINTSVe SINI)

NAMEL IST/ZPMUIST/  KPM] JKPMP2. (KPMT (KPMa (KPMS (KPME «KPMT JKPMA
IKEMO  (KPM] 0 KEML T oKPMT2 (KPMT3oKPMI G KPMIS JKPMLOKPMIT (KPMI B, kPM1G,
PKOMP T GKPMP ] KITMPD JKPMP T KP4 s KPMPS e KPM26 JKPMPT JKPMZA s KPMZG 4 KPM30 o
TKOM L G KPMI2 KM IV KPM 16 o KOM IS o KHM 16 o KEM 3 7o KPM3ARoKPM3IG o KPMAO s KPMA ] o
GREMG? sk PMGT o KPMGG s KPMAS s KPMLE e KPML T e KPMaB K PMA9 s KOMSD o
5 NOCOMP ¢ COMPNT « KNMNAM ¢ IPUNCH

NAMFLIST/ZEQLIST/ FNAME «FNPLEQP2+FNPIENPLsFNPSeFOPEEQPTEQPH
1 FuRGFOPI0FuPTI«FOpI2.Fnp13.EQR14WEQPISENPT6FRP17,EQAP1BEQP]G,
PEORPPOSFORZLENPP2 I OP23E0P26FOP2S+F P20 EQP2T+FOP2BEQP2Y+EQP 30
FEOP3LAFOPI2 et QPIVF AP I8 FOP35E0R 316EUP 3T +FQP3BeFNP3IG«F QP40 EQP4Y
GENPAZ I FQPA3FUPLLFOPLASIFNPLEFUPLTIEQPLBLENRPATFOPTD

NAMELTST/SEXL ST/ SNAMF oSt X1 ¢ SEX2eSEX3eSEXG s SFXSeSFX6eSEXTeSEXBY

T Y GFXG +GEX10¢SFXTTeGFX12¢GFX1345FXT44SEXTIS+SFX1645EX17+5EX1IR.SEX]D
P GEX20eSFX21 o SEXPP St X2 3¢ GEX2U s SEX2S e SEX2HeSFXL2T e SEXPBSEX29¢SEXTO
34GF X3 eSEXI2 St X3TeSFXI6eSEXISeSFX364SEX3T9SFX3BSEX3T9SEXG00SEXA]
4eGERGP2eSFXG39SEXLL e GF XL GEXGOsSEXLT e SEXGReSFXL94SEXS0eSEXS]eSEXS2
S GFXS3+SFEXG4 e SFXES e SEXSHeSEXST s SEXSRSEXSTvSFXO0+SEXOLeSEXO2eSEXOT

6eSFXH6 s SFXO5 s SEXARISEXOTaGEX6BeSEXEGeSEXINeSEXTL s SEXT2eSEXTI4SEXTA .
T eSEXTS e SEXTO6eGEXTTaSEXTRSEXTO¢SFXBOSEXBL e SFXB24SEXBI+SEXBASEXRS |

Hvﬁ(XHh-SFXR7oSFX&Hn§FXon%ﬁXQOnSEX9loQEX9P~SFX93~§FX9“05FX95‘SFXQG
GeSFXITeSEXIBSEXO9.SEXL00

NAMEL IST/SINLST/ QNAMF-SINl-SYNZ’SINJ-SlNA-SINSoQYNb-STN7.S]Ne-
1 SINY CSINIOOSINILoSINIZeSINIZeSINLISGeSINISISINIGSINITISINIBSINIG

CATNATITINY «STRAATTOY » STRAS (T DY v S TNGE [TOT ¢S TNG7TTDY «STRGB IOV 77
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?-%INZO.QXN?]uSIN?Z'SIN23n51N24cSINZS.SlNZﬁ'SINZT.S!NZB-SINZ9.SIN3O
3;§IN31oSIN32'SIN33.SIN34.SIN3S-51N36‘SIN37.SYN38-§!N39vSINQO-SINkl

“'QINAZ«SIN&3.SINAQ.QIN“S.SINQG-SIN67'SINQR-STNQQ.SINSOySINSl‘SINSE\

SquNSJ'SINSh'SlNSSqSINSb.SIN57'SINSB‘SINbQ.SINén.S]NbloSING?-Sle3

IF(NN,FQ.0) GO TO 156
DO 156 1=1sNN
REFAD(S+155) Je (KNM(TT)all=1e0)

K=49 (=11
6{QINGO.QIN65-SIN66'51N67.QINGR.SINGQ.QYNIO.SYN?].QIN72.SIN73.<1N74 NN 157 11=1«4
,7vQTNISvSTNTboSXN77vSTN78vSXN7Q-SINHOoSINBXvSINHZ-STNR3vSYNH&cSINHS TTTTTIRY KOMNAM{KCTT) =KNM{TTY o

809INH&-51NH7¢SlNRBoSINBQvQINQO'SlNQI.SIN9?;SYN93.51N94.SINQS;SINQG
GeSINI7<SINIRASINGGSSINLIOQO

1S4 CONTINUE
155 FORMAT(I2+1Xe4Ad}Y

C . A
NAMELIST/KELIST/ KE2sKE3sKES 41 OOPS«NPFREQeKTRACE ¢ NERROR c 1se SSEI[N(F
NAMELTIST/FLLIST/XEFLAGSKSFLAG MAXSE X=NOCOMP « 3 )
NAMtLl‘:)l/NbLUMP/ﬂPLORTLv}IVL'RHWOHUHL()ORULLOAVV!IXPH‘HLIl()nM'UTH T TTTMAXSINE TS . h
¢ MAXEQR=PS
INTEGFR CHX(2) c
DATA CHX/4HCLEAGIHN/ C  SET 1P FQUIPMENT SURROUTINE CALLING NUMRER FROM FQUTPMENT NAME
DIMENSTON ICARD{20) c
c READ FTIRST CARD = IS®CLFAN® OPTION REQUIRED S1 DO 56 KP=z1+50
T T T READUSEITYTCARD T T T T T T T e e e s - TE(KPM (14 K?) JFR. MY GO TO B — = =
IF(EOF+5) 142 NF XZKPM (1 oK2)
1 CALL ExIT NEMA =KD
2 TF(ICARD(1)EQ.CHX(]) JAND,ICARD(2) EQ,CHX(2)) GO TO 3 9
) 1TYPE=2 C NEX 1S ENUIPMENT NUMBER 0F PROCESS MATRIX RNOW 1= KPM(1eK2)
6O TO 4 C  KPM{3.K2) 1S THE EXTERNAl NAME GIVEN TO THIS UNTT,
3 ITYPE=] ¢
CALL CLEAN 1=1
WRITE (645) 53 IF(KPMI24K2) JEQNMLISTIIY) 6O T0 &S
S FORMAT(18H DIATA AREAS ZEROED) IF(1.67.30) GO TO 54
4 CONTINUE 1=tel .
[of 60 T0 S3
TTC e READTAUPHANURERTC HEADFR CARD #2202 FIELD T*TITUF(207*Y S4 WRITF (6. 10BIKPM{P4K2) 4 NFX - . -
c 108 FORMAT (® DREAD] FRROW = JULEFGAL NAME %.A4+% FOR FQUIP.%+T3e* =-EXIT
17 FORMAT (20A4) 1)
Ceee °CLEANS = TYPF 1 CALL FXIT
Coes OTHERS =z TYPE ? 65 NFCALL (NEX) =]
23 RFAD{ Se17) TITME . NAME (NF X} =KPM(2 ek 2)
WRITEU T ®+I7Y TITLE T NFXEONINFX) =KPM[JeK?2Y) ~
IFIITYPELNELL) GN TO 63 56 CONTINUF
c
g..QEAD REMAINING CONTROL CONSTANTSs COMPONENT 1De AND PROCESS MATRIX C IF THF NUMRKFR OF EOQUIPMENT SUBROUTINF NAMES OR AN EQUIPMENT SUBROU=-
Ces FROM NAMELIST/PMLIST/ C TINF NAMF TTSELF 1§ CHANGED. SURROUTINE oFQCALL® MUST BE MODIFIED.
c ) c B
READT S+PRLCISTY A ‘TF{TPUNCHY SB.S9,57 7
C bttt ST RPFAD(SFLLIST)
C THIS SECTINN REANS ALPHAMFRIC DATA INTO PMLIGT (KPM o+ KOMNAM) IF(IPUNCH.EQ, 1) GO To 59
C CHANGF 1S NECESSARY AS CDC6400 NAMEL IST DOES NOT ACCEPT ALPHA DATA G8 LSAVE=TPUNCH °
C 1PUNCH=2
NN=0 WRITE(  7.PMLIST) e .
Do 150 Y=Y.S0- . 0 - TPUNCH=LSAVE =
IF{KPM{1e1)eNFo0) NNSNNel 1F (IPUNCHL.EQ.2) WRITE( ToFLLIST)
150 CONTINUE S9 CONTINUE
DO 151 T=leNN DO 62 J=1+NEMAX
161 RFAD(S152)JsKPM(2sJ}) oKPM(3e) IF{KPM(]1eJ) EQ.0Y GO TO 62
152 FORMAT(I2+2XeAG+2X0Ak) Do 61 1=2.8
g Sy e B TTTTTTTTEY KPM (e ) =KPM (1624 0)
NNEZ0 62 CONTINUF
p0 153 I=x]1.20 63 CALL ZFROX(ENAMELS0)
= *
153 é2$$?:527""67'“2’ NN g..aEAu SEQPARS (BY USING EQP1=FOP50) AND SENAME®,
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READ(  SeEQLIST)

DO 65 1=21.NEMAX
J=ENAMELT)
IF(J.FOL0) GO YO 65
IF (AHS(FOPAR(14J114LT.1,E=20) EQPAR(14J) %)

N3MAX=8

00 83 r=2+8

I=10-K

DO B2 J=1.NEMAX
IF(KPM(14J) ,NE,O} GO YO RS

T WRITET B4B8T Jy (EUPARTRIT W KET+ 257
65 CONTINUE
C 66 FORMAT(® EQPAR(14%¢12+%)=%410610,2/7(13X+10610.2))
CALL ZFROXI(KEFLAGSO)

c
CooREAD SSEXTSV#(SEXY -SEX100) AND ®SNAME®
[

A CONTINUE
B3 NIMAX=N3IMAX=-]
85 CONTINUE
Cos TEST FXISTENCE OF ®NON=STANDARD® COMPONENT
FXFLAGE ,FALSE,
DO 87 1=]1«NOCOMP.

CALL ZFROX(SNAMEL100)

READC  SeSEXLST)
00 68 1=1.100
JRSNAME (1)

TFTCUOMPNT{TY . GT. 627 GO 10 88
A7 CONTINUE

GO TO BY
A8 REAN{SsNSCOMP)

EXFLAG=,TRUE
A9 CONTINUE

TFUITER. 0V GO T 6%
IF (ABS(SEXTSV (1401} oL TeloaF=20) SEXTSV(led)=y
WRITE( 6969) Jo(SEXTSV (KeJ) sK21423)

68 CONTINUE

C 69 FORMATI® SEXTSV(1+®412+4)=%42F3,04§1610,3/30%»10610,3 )

No 70 1214100
T TFTABS(SEXTSVT1.T)) 2GTe 1.6-20) NSMAX=T ~ -~
70 CONTINUE

C
CaoREAD *SINTSVS{ SIN1=SINIOO} AND ®SNAMES
C

CALL ZFROX(SNAME.100)

FRADT SWSTHRLSTY

DO 72 T=1s4NSMAX

T =SNAME (1)

IF{J.f0,0) GO 1D T2

IF (ABS(SINTSV (14} 1 alTaloF=20) SINTSV(ledVay
C WRITE( 6+73) Jo(SINTSVI(KeJ}sK=1410)

T
€ HUILD UP THE STREAM CONNFCTION MATRIX KSEM,
N0 187 Ml=]NEMAX
TF(KEM(14M1),LF.0) GO TO 187
188 M2=KPM(laM])
DO 189 MI=2NIMAX
IFIKPM{MI.MI}) 1911R7,198
190 Ma=(KPM{M3+M]1))
KSEM{3eM4) =M2
6O YO 192
191 Maz=(KPM(M3I,M])) ’
KSEM(2eMb) =M2
T T2 KSEM(1MAYEMS T
189 CONTINUE
187 CONTINUE
RF TURN
200 STOP
€ sessasssPUNCH OUT OAYA BIOCK TO REiUﬁ"!Y YNE CASE STHﬂV

72 TONT INUE
T3 FORMAT{IOH SINTSV(leeT12e2M)®eF3.04F4,048610,7)
CALL ZFROX(KSFLAG*100)
c

CosREAD EQUIPMENT LISTS FOR RECYCLEL CALCULATIONSs xE2¢ xE3 AND xE4
Cos THEIR COMTROL CONSTANYS NE?MAI. N£3MAX AND NFAVAX. H!LL 8t CALC.

T IS TRYADC SSKECTISTY T
C WRITE( 6.KELISTY
NF2MAX=0
NEIMAX=0
NF4MAX=0
0n 76 131450

Tt CENTRY DPUNCH T T
1F (TPUNCH,EQ,0,0R, TPUNCH.FO. 1)} RETURN
WRITE(TFOLIST)
WRITE (T4SEXLST)
WRITE (T+SINLST)
WRITE(TKELIST?

T T TTYR (EXFUAGY WRITE T SNSEOMPY

WFTURN
END

TFIREZTIT RO, 0V RO YO 77
76 NEZMAX=NEZMAXs1
TT DO 78 121450
IF(KE3(1}.EQ.0) GO YO 79
78 NFIMAX=NE3MAXe]
79 DO 80 I=1+10
T IFIKESIT) LEGLUY RO YD BY T T T T e
A0 NEGMAXENEGMAXe]

81 IF(ITYPELNE. 1)} RETURN

SUHROUTINE  BVDR

¢ ansess  COMMON DFCK soscas

c .
~CAMMON/SYSOZKEFLAGTSOT o KSFLAGTTO0V vK TRACE ¢ DERRORNPFREUSTAUNTH

COMMON/EQPAZEQPAR(25+50) ¢ NEMAX s MAXEQP

COMMON/CONTL/NIN«NOUT «NOCOMP o NE o+ NFN

COMMON/STRMIN/SINUM(B) «STFLAG(B) +SIVPFR{B)+STITEMP(R) e
I1SIPRES (A «STENTH(RI «SIVISCI8) «STTHK(8) SSILZERY $SIVZIB) e
2STMOLF (8) 3SICOMP (20481 «SIKV(20+8)

COMMON/STROUT7SORUATBY s SUFLAG TR Y sSUVPFRIBT s SNTEMPTET
1509»59(&).s0r~Tura).snvxsrla)vsovux(sy-soLZ(N).anZ(A).
250MOLF (8) 2 SOCOMP {20+ 81 +SOKV(2048)

DIMENSION STIDUM{Bs+10)sSOIDUMIB.10)

EQUIVALENCE - (SINUMsSTTDUM) o (SONUMeSOIDUM)

TF{KEFLAG(NE) JEQ.1) GO TO 6

SUM=E0.

DO 2 1=1eNOUT

SUM=SUMs EQPAR{T+1eNE)

Do 3 I=l.NOUT
EOPAR(T+1eNE)=EQPAR (e 1eNF)/SUM
00 5 J=1eNOUT
TTTTTIUD0 4 T3 T0T
50[00“(Jvl)*$!lnnﬂ(lvl)

GOENTH{J) =STENTH(I) SEQPAR{Jel NE)
SOMOLE (4}  =SIMOLE (1} *EQPAR(J+14NE)
DO 5 I=1eNOCOMP

SOCOMP(TeJ) =STCOMP{T+1) *EQPAR(Jo1eNT)

L

*rw

>

€-CONTINUE
RF TURN
END
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RETURN

SUKROUTINE EQCALL 17 CALL ADDS

c RFTURN
DATA CHESS+REC/SHCHESS+6HRECALLY 18 CALL ADDT

C RF TURN

C T CALL ADDR

C MODIFIFD TO ALLOW OVERLAYING OF FOLLOWING SURROUTTINES ON CDC6400 RETURN

c MSEQ«AD15~AD19 20 CALL ADD9

c RETURN

c 21 CALL ADlO

o] 42t COMMON DFCK saftaaas RETURN

o) g2 CTALL ADTT
COMMON/SYSD/KEFLAG(S0) sKSFLAG(100) «KTRACE +DERRORSNPFREQ IPUNCH RETURN
COMMON/ENPR/NECALL (50) o NEXEQN(50) ¢+ NAME (50) 23 CALL AD12
COMMON/CONTL/NIN«NOUT 2 NOCOMP ¢ NE +NEN RETURN
COMMON/STRMIN/SINUMIB) sSTFLAG(8) +SIVPFR(B) +SITEMP (8) s 24 CaLL AD13
1STPRES{H) «SIENTH(B) sSTVISC(8) «SITHKIBY #SILZ(A)SIVZ(B) RFTURN

S TR T TR T Y S TCOMP 20+ B T3 S TRV 20+ 8) 25 CALU ADTS

¢ RETURN

¢ wanaes 7?6 CALL OVERLAY{CHESS#34+2+RFC)

c 27 CaALL OVERLAY(CHESSe3+3sREC)
NAMEL IST/DATAIN/SINUMeSIVPFReSITEMP s SIPRESeSTENTHe SIMOLE » SICOMP 28 CALL OVERLAY{CHESS+394+RFC)
IF(KTRACE.GT. 0 ) WRITE{6460) NF«NAME (NE) 29 CALL OVERLAY(CHESSe345+REC)

60

IF (KTRACELGE.2) WRITE(6.DATAIN)

FOPMAT (22HONOW CALLING EQUIPMENTe[4e3H = +A%4)
NEQUIP=NECALL (NE) .

GO TO (1+2+3950546¢T0899¢1051101201341415416017418¢194204214220
1 23426 -25426427¢28+29430) «NEQUIP

CALL DVDR

RETURN
CALL DIST
RFETURN
CALL MIXR
RETURN
CALL ADBF

RETURN ™
CALL RFAC
RF TURN
CALL VALV
RETURN
CALL HXER

10

RFTURN

CALL PUMP

RF TURN

CALL ARSR

RFTURN

CALL OVERLAY(CHESSe3914RFEC)

11
12
13
14
15

16

CTALL FHTR
RE TURN
CALL ANDI
RF TURN
CALL ADPD2
RETURN
CALL ADD3
RF TURN
CALL ADD4
RF TURN
CALL ADNS

CAILL OVERUAY{CHESS3+6+REC)
END
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171

WRITE (6429) (NTG(J)eJ=NOX1eNOX2)

SUBROUTINE EQPRNT 29 FORMAT (1HOe3IXeSAL)
c GO TO 102
c pecsss  COMMON DFCK e#sess 100 D0 163 KE=1+NEMAX
[ IF(FQPAR(1+xE) ,GT,0,1 ,AND NECALL (KE) ,EQ,IF) GO Tn 164
COMMON7SYSAZ7KPETTUsSUT +KSFR 33 TUUT sNIMAX 163 TONTTINUE — R
COMMON/SYSAA/TITIE(20) «COMPNT(20) «KOMNAM (BO) 60 TO 160
COMMON/SYSH/KE1 (S0) oNEIMAXeKE2 (50) +NE2MAX9KEDI(S50) o« NE3MAX e 164 WRITE (6428)
1KF4{10) sNE4MAX+sKREToKRET2¢KRET3 WRITE (64101) NAME(KE)
COMMON/SYSC/LIMITSLIMIT2+L IMIT3+LOOP+LOOPS 101 FORMAT(1HO+3XsA4)
COMMON/SYSD/KEFLAG(S0) oKSFLAGL100) sKTRACE s DERROR+NPFREQe JPUNCH 102 DO 159 JE=1.NEMAX
CORMON7E TP K7EGPAR 125 v ST e RERAX s HARETUP TFIFOPART I JF . EUL 05T GO TU TI5Y
COMMON/EQPB/NECALL (S0) «NEXEQGN(S0) o NAME (50) IF(NECALL(JE) .EQ.IE) GO TO 167
COMMON/STMA/SEXTSV (2341003 sSINTSV(105100) «NSMAXsMAXSEXIMAXSIN IF (JE.NEJNEMAX) 6O YO 159
COMMON/CONTL/NINJNOUT «+NOCOMP ¢ NE o« NEN GO TO 30
[ 162 FFLAG(NOSOAP) =UE
c sesnoe NF XT (NOSOAP) =NF XFQN ( JF)
T TFINOSOAPLEQLSY O TU 167 T e o
INTEGER COMPNT4PFLAG(100) +TITLE NNSOAP=NNSOAP « ]
c - IF(JELEQ.NEMAX) GO TO 166
DIMENSION NEXT(S) ARV (5) +NTG(55) +NGX(50) +NET (50) G0 T0 159
DATA NTG/4HOIVI.4HDERS+4H s4H 24K *s4HFRACs4HTTON4HATOR <4 30 IF(NOSOAP.LF.1) 6O TO 159
1HS v4H *4HMTXE 9 4HRS  s4H +6H s4M C4HAD 1A+ GHBAT 19 4HC 166 NOSOAP=NOSOAP~-1
T IR vARSH OVGHNT TS o 4HREAC « 4HTORS e 4H 7 34R "7 44H e4HP.Cav4H VALS -~ 167 WwITE (65443) (PFLAG(K) +K=1+NOSOAP)
14HVES o4H 4H »&HE XCH e 4HANGE 9 4HR/CO s 4HNDEN « 4HSERS 9 GHPUMP ¢ 4HS 43 FORMAT (*0EQUIPMENT NO, 845(19+5x))
1/CO s 4HMPRE + 4HSSOR ¢ 4HS «4HABSO ¢ 4MRBER ¢ 4HS vhan s 4K s AHMULTY WRITE (6+44) (NEXT(K)K=14NOSOAP)
1+4HISTAVGHGE Us4HNITSe4H s 4HF IRE 9 4HD HEs4HATER ¢ OHS s4H / 44 FORMAT (®0EXTERNAL NAME ®¢5(7XsALe3X))
25 FORMAT (//) IF(IELGTL1EY GO 10 42
NOCOP3=NOCOMP+3 GO TO (31932433374¢35¢36037438¢39440441)01F
T=0 It DO AN ON=2s T -
161 WRITE (6168} NGU=UN=1
168 FORMAT(1H +23X+®FOUIPMENT SUMMARY « EQUIPMENT LIST®/#0%+19X. CALL TRANSF (1 eNOSOAP«pPFLAGsSU+EQPARIZS+50 ARV ¢ UN)
12EQ, =%¢IXe®EXT, NAME®+8Xe"SUR. NAME®) 45 IF(IN.NEG2) GO To S0
DO 88 1=1+NEMAX WRITE (6+49) NGU (ARV{K) «X=1+NOSUAP)
IF(EQPAR:I1+1).EQ,0.) GO TO 88 49 FORMAT (% ®,#FRXN, =0,2Xe12¢2Xs5F106,.4)
JEFVT GO TO %6 e
PFLAG(J) =1 S0 WRITE (6451) NGUe (ARV(K) ek=1+NOSOAP)
88 CONTINUE 51 FORMAT (# 049Xa12¢2Xe5F14,6)
DO 9% I=led 46 CONTINUE
NKL1=PFLAG (1) WRTTE (6+25)
NGX (1) =NEXEQN (NKL 1) 60 10 158
__—-QS—NEWWWL“, 32 005 IJRT=HNOCOP3 I
WRITE (6+90) (PFLAG(K) oNGX(K) eNET(K) oKx1sJ CALL TRANSF (1 +sNOSOAPPFLAGISO+EQPARC259504ARV e IN)
90 FORMAT (50®920X212¢13XsAbe13XsA4) . 53 NGU=JN-3
WRITE (6e91) TITLE IF(UN.NF4) GO ToO 55
91 FORMAT(#12+2044+//71H «21Xe*EQUIPMENT SUMMARY = INDIVIDUAL DETAILS® WRITE (6+54) NGU+ (ARV(K) «K=14NOSOAP)
1 /7/) S4 FORMAT (® ®4®OVHD, COMP%*e12+2X95F14.4) R
NOXT==% GO 10 S5
NOX220 55 WRITE (He56) NGUs (ARV(K) sK=1<NOSOAP)
N 56 FORMAT (® #410Xe72¢2Xe5F1644)
Do 160 1E=1.30
= 52 CONTINUF
NOX1=NOX1+5
NOX27=NOX245 WRPITE (6425)
G0 TO 158

NOSOAP=1

TF{IEL.GY.ITY GO 1O 100

00 170 KE=1+NEMAX

JF (NECALL{KE) .EO.IE) GO TO 171
170 CONTINUE

GO TO 160

i

34
' 57
i 58
1

r—____33AVVTTE‘(6v25)"' T

GO TO 158

CALL TRANSF (1 +NOSOAPPFLAGSOEQPAR25+50¢ARVe2)
WRITE (6+58) (ARV(K) e+ K=14NOSNAP)

FORMAT (o ®,8CONNITION. *+5Flu. )y

68



59

35
62

FORMAT(® (0, PHASE DET.®/8 1. CONST, T.%/® 2, ANIABATIC#*//)

WRITE (6459)

GO TO 158

CALL TRANSF (1eNOSOAPPFLAGIS0+EOPARS25¢504ARVe2)
WHITE (6463) (ARVIK) +K=14MOSO0AP)

CALL TRANSF (] +NOSDAP+PFLAGCSOIEQPAR 259504 ARVel Y

WHITE(64205) (ARPV(K) K21 «NOSNAP)
205 FORMAT(® Q=STREAM 1®e4Xe5F14,4)
WRITE (64206}
206 FORMAT (8 (MM BYH/HQ)o)

T RITFOPMAT (F ¥IFREY COMP CONVESTXSFI5.47

64

CALL TRANSF (1 eNOSOAP+PFLAGS0+EQPARI25+504ARVS3)
WRITE (6¢65) (ARVI(K) s K=1+NOSOAP)

WETTE (/25T
GO TO 158

81
A2

CALL TRANSF (1¢NOSNAP+PFLAG+S0+EQPAR25+504ARV6)
WRITE(6482) (ARV(K) +K=1eNOSOAP)
FORMAT (# #,2TUBF PASGES#¢3X+5F14.4)

128 FORMAT (# #,8STEAM USAGE®+3Xe5F14,4)
129 FORMAT(® (M | RS/HR)*®)
WRITE (64129)

a3
84
85

TALL TRANSF {1 NOSUAP+PFLAGySTEGPARZ5 150 ARV TY
WRITE(6,484) (ARVIK) +X=14NOSOAP)
FORMAT (® ®#.8TYPF . #,7X4S5F14a,4)

FORMAT(® 0. SIMPLE ExCH.®/® 1. wATFR COOLEDN EXCH.®/®

=00LED COND.*®)
WRPITE (6+485)

Q6
97
9H

99
103

104
105

CACC TRANSF T sNOSUAPSPFLARSSUEUPARY 25950+ ARV BY
WRITF (6+97) (ARV(K) sK=1e+NOSOAP)

FORMAT (% #.0WATFR USAGE®¢3Xs5F14,4)

FORMAT (& (GAL/HR)#®)

WRITE (6498)

CALL TRANSF (1+NOSOAPPFLAGS0+EQPARY2S+500ARY9)
g WRITE (6+103) ARV (K) «K=14NOSOAP)

FORMAT (# ®#.%#DELTA P~STR 1%+1Xs5F14.4)

CALL TRANSF (1 +NOSOAPWPFLAGSSO0,EQPARS25¢50+ARVe10)
WHITE (6+105) (ARV(K) «K=]eNOSOAP)

FORMAT (% #,%0ELTA P=STR 2%+¢1X+SFl4,4)

130 WRITE (65131) (ARVIN) «X=1eNDSQAP)
131 FORMAT (& #38KW IISAGEavb6X+5F14.4)
WRITE (6.425)
GO TO 158
39 CALL TRANSF (1 sNOSOAPsPFLAGSOEUPARS2Ss500ARV s

T132 WRITE (6.135)° (ARVIK] «K=T1.NOSOAP)

WRITE (6425)

60 TO 158
40 CALL TRANSF (1+NDSOAP/PFLAGSS0-EOPAR25 50 ARV
136 WRITE (69135) (APY(K) K=1+NOSOAP)
135 FONMAT (& #.82 OF STARES®e3XeSF14,4)

DO 137 JN=3.7

38 CALL TRANSF (1+4NOSOAPPFLAGISUEOPARI2S5¢50¢ARY S 2)
65 FORMAT (# 8,4KEY COMP =#,4X+5F14.4) 106 WRITE (64107) (ARV(K) JK=14NOSOAP)
DO 66 UN=4NOCOP3 107 FORMAT (% ®,8COMP, STAGES®+2Xs5F 14.4)
CALL TRANSF (1 sNOSOAPSPFLAGS0«EQPARS25+50 4 ARV ¢ JN) CALL TRANSF (1 JNOSOAP(PFLAG5N4EQPARI254504 ARV, 3)
&7 NGRU=JN=3 108 WRITE 1631097 TAPVIK) (K=T-NOSDAPY
TFUUNGNE64) GO To 68 109 FORMAT (# 2,4WORK CAPACITY®241X+5F14,4)
WRITE (6+69) NGUs (ARV(K) oK=1+NOSOAP) WRITE (6¢110)
69 FORMAT (& 2+#STOTCH, FAC.#912+5F14.4) 110 FORMAT(®# (RTU/MR)®)
GO T0 66 : CALL TRANSF (1 +NOSOAPPFLAGYSU+EQPARG25+504ARYVs 4)
68 WRITE (6+70) NGU. (ARV(K) ex=19NOSOAP) 111 WRITE (64112) (ARPV(K) +K=14NOSNAP)
70 FORMAT (% #3I2X3 T295F [4.4) TYZ FORMAT U% ®yS0UTI ET PRES #e2X+5F 14,47
66 CONTINUF CALL TRANSF (1 +NOSOAP+PFLAGSUsENPAR 2S¢S04 ARV e 5)
WRITE (6+25) 113 WRITE (6+114) (ARVIK)K=]+NOSOAP)
GO 70 158 114 FORMAT (# 2.8POWFR TYPE ,242X+5F14,4)
36 CALL TRANSF (1 +NOSOAPPFLAGS0«EQPAR25+50+ARVe 2) 135 FORMAT(®  (+)=STFAM®B/2 (D) -ELEC.#/® (=)=FUFL GAS®)
71 WRITE (6+472) (ARVI(K)+K=1sNOSOAP) WRITE (64115)
TITTTTT2 FORMAT (8T B TBDOWNSTM, PH,aXeSF14 4y T T CALL TRANSF (1 +NOSOAP+PFLAGS0+EAPARS2S+50+ ARV 6)
WRITE (6425) ' 118 WRITE (64119) (APVIK) «K=1+NOSOAP)
GO TO 158 119 FORMAT (% #,8H-QUTLET STEAM#,5F 14 4)
37 CALL TRANSF{1+sNOSOAPsPFLAGsS0¢FQPARY25+504ARV2) 120 FORMAT(® (BTU/LR)*®)
73 WRITE (6474) (ARV(K)sK=1eNOS0AP) WRITE (64120)
T4 FORMAT (# #e8UBe3Xs5F14,4) caLt YPANSF(]~N0<0APvPFLAGvSO'FOPAR.?SoHO.ARV. i)
CALCL TRENSF T NOSOAPPFLAG s SUTEQPAR 257 S0VARV 37 12T WRITE, (651227 TAPVIX)IK2 T NOSOAPY
75 WRITE (6476) (ARV(K) +K=14NOSOAP) 122 FORMAT (% #,8FUF| USAGE®.4X+5F 1444}
76 FORMAT (# #,8ARCA®,10Xe5F14,.4) 123 FORMAT(® (MSCF/HR)®)
CALL TRANSF (14NOSOAPSPFLAGS0+EQPAR25+50+ARV 4 4) WRITE (64123)
77 WPITE (6+478) (ARVIK) »K=]+NOSOAP) ) CALL TRANSF (1 +NOSOAP+PFLAGYS0FOUPAR25+504ARY R)
. 78 FORMAY (® ®#.%= SHELLS 643X e5F14,4) 124 WRITE (6e 97) (ADVIK) (K=1eNDSOAP)
T CALL TRANSF TWNUSOAPYPFLAGYSUEUPAR S ZSsSU7ARVS 5 WRITET6V98)" T
79 WRITE (6+80) (ARVIK)IK=1«NOSOAP) CALL TRANSF (1 NOSOAPJPFLAGSOEQPAR,25¢50+ARV. 9)
B0 FORMAT (5 ®+8#SHE| | PASSES®#+2X95F14.4) 127 WRITF (6+128) (ARVIK) «K=]sNOSOAP)

T CALL T TRANSFITINOSOAPVPFLAGSOEQPARS 253504 ARV 101

2)

2)

CALL TRANSF (1 eNOSOAP«PFLAGSOEQPARS2S S0 ARV eIN)

136 WRITF (64138) (APVIK) JK=1aNOSOAP)
138 FORMAT (® #,#INPUT STAGE =%41x+5F 4,6}
137 CONTINUE
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41
139
160

WRITE (6425)

‘60 T 158

CALL YPANSF(!-NOQOAD.PFLAG.%O'[QPAﬂv?S-SO.ARVc 2y
WEITE (6e140) (ARVIK) «KZ=1eNOSOAP)

FORMAY (& 8,8HEAT DUTY®4SXSFi4.4)

T TAT T FRRMAT R T (MR BT ZRR Fy T T T T e -

162
143
laa

WRITF (6elal)

CALL TRANSF (1eNOSDAP«PFLAG«S0sEQPARC25:500ARV, 3)
WRITE (64143) (ARVIK) +K=14NOSOAP)

FNRMAT (@ ®,#DELTA PRFS.®e3Xe5F 14 ,4)

FORMAT (2 (PSTA)®)

149
146
165

TCALL TRANSF LY SNOSORAP s PFLAGST«FOPAR 2550+ APVe 7

a7
148

150
151
152

42
153

—— 1%

156
187
1S5

T WRITE 642577

158
159

28
160

c
C

TTRETURN

WPTTE (6+T447

CALL TRANSF (1 eNOSOAPSPFLAGIS0EQPARI25¢50¢ARVs &)
WRITE (6alab) (ARVIK) «K=14NOSOAP)

FORMAT (» ayaTEMP, OUT#s5XSF14,4)

FOPMAT(® (DFG R, *)

WRITE (6e16%)

WRITE(64148) (ARV(K) sK=14NOSOAP)

FORMAT (o o480 ARSORBFD®+4Xe5F 14 ,4)

WRITE (Hel41)

CALL TRANSF (1 +NOSOAP«PFLAGISUEQPAR25+504ARVs B)
WRITE {64151) (ARPVIK)«K=14NOSOAP)

FORMAT (¥ ®,8F(E1 USAGE®R.4X+S5F14.4)

FORMAT (& (SCF/HRY®/ /)

WRITF {64152)

G0 TO IS8

CALL THRANSF (1 +NOSOAPSPFLAGISUFOPARG2S+504ARVe 2)
WRITE (64154) (ARVIK) «K=1e4NOSOAP)

FORMAT (* #.9PARAMETERS .%+2Xe5F15,3)

DN 155 UNz3MAXEOP

CALL TRANSF (1 «eNOGOAPPFLAGISU2EOPARI25¢S0 ARV e N)
WRITE (64157) (APVI(X) «K=14NOSOAP}

FORMAT (% #4]14Xs5F14.4)

CONTINUE

NOSOAP=]

CONTINUE

WRITE (6.28)

FORMAT (1HO«1T(%,,0002)//)

CONTINUFE

END

SUHROUTINE fOutP

“suses  COMMON DFCK eessas

COMRONZSYSAZRPRTT 0,501 yKSFHT3IVTO0Y o« NIMAX
COMMON/STMA/SEXTSV(23,100) +SINTSV (10,1001 ¢NSMAX,MAXSEX,MAXSIN

COMMON/CONTL/ZNINGNOUT «NOCOMP o NE «NEN
COMMON/STRMIN/STINUM(B) «STFLAG(B) +SIVPFR(B) +STTEMP (8) s

1STIPRES(B) +STENTHI(B) 9STVISC(A) «SITHK (B! «SILZ(B) +SIVZ(H) s

?QIVOLF(H)vSICOMP(?O'S)-QIKV(ZOvB)

————— COMMONZSTROUT7 SONUR (BT 5 SUFL R v
lSOPPFﬁ(ﬂ)vSOFNTH(R)-QOVlSC(B)oSOYHK(H)'SOLZ(R)OSOVZ(B)'

2S0MOLE (B) «SOCOMP (2048} 2 SOKV (2048}

[
C

4
—

OO0 N

X Xe]

c
[
c
C
C

RS TSINTSVUTUSKY SSTINUNMUTOYT

SET OUTPUT STHFAMS TN COMMON/STMOUT/
30 L3==13

ssnnse

®2% ENTRY POINTS, FOUTP % ~REQUIP -~ ==~

DIMENSTON SITNUM(He10) «SOIDUM{B.]10)

DIMENSTON ISTIN(4OB) +1STOT(408)

EQUIVALENCE (SINUMeSTTOUMeISTING ¢ (SONUMSOTONMC ISTOT)
CALL 7FROY (1STINJ4OR)

CALL ZEROX(ISTOT.40R)

K =1

Jo=1

DO 20 12=2«N3MAX

L3 =KPM{L2.NF)

L3 1S THE STREAM NUMAER OF KPM=COLUMN(NF)
21 IFU3) 28423422
SET INPUT STRFAMS TN COMMON/STRMIN/

22 DO 2% T =1.NOCOMP
25 SICOMPILT K P=SEXTSVIT «3,13)

STMOLE (K ) =SEXTSV (AL 3)
DO 2P T =leMAXSIV T T -

27 STIDUM(K o1 I=SINTSV(] o 3)
2B K =K o] !

GO To 2?0

24 NINzX =]
NIN = NUMBER OF INPUT STRFAMS

DO 32 1 =14NOCOMP

32 SOCOMP (T e0 )=SFXTSVI(T +3.03)

SOMOLF (J ) SSEXTSV{IeL D)
DO 34 T =1.MAXSIN o moT

34 SOINUMEL o 1=STMTSVIT «L )
35 0 =y e

20 CONTINUF

23 NOUT=y =1}

NOUT = NUMKFR OF OQUTPUT STREAMS

PETURN

ase RFQUIP =ae

SFT CALC. OUTPUT STREAM VALLIES IN SEXTSV ¢ SINTSV

ENTRY RFQUIP

NN 39 1 =1«NOUT

JO=SOINUMIT «1) e L01

D0 61 K =1+NOCOMP

SEXTSVLE K +3+J 1=S0COMP L K o1 )
TSEXTSVITICT YESOMOLE (T

DN 43 K =] eMAXSIN

43 SINTSVE K «g 12S01DUMCT » X )

IF(SOMOLE (T 1.LT.1.F=20) 60 TO 39
SEXTSV( 2e¢J ISSINTSVL 64 P/SEXTSV( 36 )

39 CONTINUE

TTHOTGE TETSNIN
K=STIDUM(I«1) ¢ .0}
DO 44 J=1eNOCOMP

46 SFXTSV(Je3eKI=SICOMP (s 1)

SFXTSVL 3+K)}=STMOLE(]Y
D0 45 Jz]1+MAXSIN

TFISTMOLE(T) LT 41 4F=20) GO TO 46
SEXTSV{ 2+K)=SINTSV( ﬁ'K)/SEXYSV( Jex)

46 CONTINUE

RF TURN
END

L8



SUKROUTINE FHTR

asesse  COMMON DFCK etersse

[eXgXe)

COMMON/EQPA/EQPAR (25450) « NFMAX s MAXEQP
COMMON/CONTL /NINJNOUT «NOCOMP oNE o« NFN
COMMON/STRMIN/SINUM(8) «STFLAG(8) « SIVPFR(B) «STTEMP (8) o
ISTPRES(B) »STENTH(R) ¢STIVISC(B) «SITHK(A) +SILZ (R)+STVZ (B}«
?SrMoLF(e)oSICOMP(ZO.a)-SIKV(zo.H)

T CNERON7 S THOUT7SONURTRY +
ISOPRFG(H);SOFNTH(R)»SOVISC(R)-SOTHK(%)'SOLZ(B)'SOVZ(R)-
PSOMOLF (8) +SOCOMP (20483 +SOKY (2048}

c
c annoen
C

T RERL HVALUE .
DATA HVALUE/Z900,/
DO 2 I=1+NOCOMP
2 SOCOMP(Te1)=SICOMP (101}
SOMOLE (1)1=SIMOLF (1)
SOPRES(11=SIPRES (1) =EQPAR(3eNF)
PSAVE=SIPRES(1}
STPRES(1)=SOPRFS (1)
VSAVE=SIVPFRLL)
TSAVEI=SITEMPI])
TSAVE2=FOPAR (4sNF)
HSAVE=STENTH(])
T OTROPARTZNG ) T1.FS R
NOUT=2
STTEMP({1y=TSAVF2
ESAVE=FQPAR(2+NF}
EQPAR(2eNE) =1,
CALL ADBF
TTTTTTEMPESOENTHIT) «SAENTHTZY =STENTHTT)
TFC TEMP.LT.Q) GO TO &
NOUT=1
SIENTH(1)=HSAVE+Q
ENPAR(2+NE) =0,
CALL ADBF
GO 70 6
4 Q=TEMP
6 SIPRES{1)Y=PSAVE
STTEMP(1)=TSAVF1
STFNTH (1) =HSAVE
FOPAR (2 oNF ) =F SAVF
ST TG AVPFRTTY ESUMOLE (YT 7 TSOROTEYT Y #SOMOLE (Y Y~ 77 7T 7
DO 8 1=21+NOCOMP
B8 SOCOMP(1+1)=SICOMP(Ie1)
SOMOLF (11=STMOLE (1)
SOENTH 1) =HSAVE+n
STIVPFRI{1)=VSAVE
FOPAR(BJNEY= O /{HVALIIE®,TS)
EQPAR(TWNE)= Q / 1.F6
MOUT =Y
RETURN
END

T COMMDN/SYSO7REFLAG STy vKSFLAG T TUT] K TRACE sDERROR s HNPFREG+ TPUNCH

SURROUTINE INTT

c

C aopeas COMMON DFCKX avenae

C

) T T EOMMONZCONTL /NTNSNOUT W NOCOMP S NEWNEN

COMMON/STMA/%FXYGV(ZJ‘100)OSINISV(IO-XOOI-NQMAX~HAXSEA-NAXS!N
COMMON/STRMIN/SINUMIR) o STFLAG(R) «SIVPFRI(8)+STTEMP(B)
ISTPRES(R) ¢ STENTHIR) +STIVISC(B) «SITHK(B) «SILZ (R} eSTVZ(B)
2SIMOLF (B) +SICOMP{20+R) «SIkV(2048)

C P

Y ol L2 22227 T
C

DIMENSTION DUM(1) .
DIMENSION STIDUM(A.10)
EOUIVALENCE (SINUMeSTIDUM)
DO 9 1=1«NSMAX
T I CABS (SEXTSVI1eT) ) o LT T .E=S, ORVABS (SEXTSV(Ie11) ,LT.1,F=201G0 7O 9

IF{ABS(SINTSV(4eT}) ,LT.1.F=5) GO TO S
VF=SINTSV (3. 1)
IF(VF o1 T.0.0001,0RVF,GT.N.9999) GO TO 10
IF(SINTSVIG ]I o NFL0L) GO TO 9
GO TO 11

10 DO 1 J=1.NOCOMP

1 SICOMP(Je})=SEXTSV (Y41
STMOLE (1) = SEXTSV(  2e1)
DO 2 J=1e+MAXSIN

2 STIDUMILUY=SINTSVE U D)
CALL ENTH(1eSINTSV (A1) 4DUM)
SFXTSY(Z«I1=SINTRVI & «T}/SFXTSVI JeT)
60 TN 9

S WRITEL 6.7)

7 FORMAT (10RMHNeoe CUBROUTINF =2INIT#® CANNOT COMPUTFE INITIAL ENTHALP
1Y OF FOLLOWING STREAM SINCE TEMPFRATURE NOT SPECTFTENSXe13)

11 wPITF(6e12)1]

12 FORMAT(SHO®®® ,®INTIT - VAPOR FRACTION FOR STREAM®,I13.% INNICATES A
1 TwN=PHASE MIXTUPF HUT NO ENTHALPY 1S SUPPLIFD = BYPASS FNTHALPY C
2ALCULATION®)

9 CONTINUE
RETURM
FND
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SUBROUTINE COMPID

5%5. 2+3-D1=Cl=-Cs S9. C2-CYCLO-CS

sencee

c
[ PURE COMPONENT 1D NUMRERS,...
C
T T Y TRYDROGEN T T T TR N=TFTRADECANE IS T=REXFNE 77T
[of 2. METHANE 19, N-PENTANECANE " 36, CYCLOPENTANE
C 3. ETHANE 204 N=HE XADFCANF 37+ METHYLCYCLOPENTANE
C 4, PROPANE 2t e N-HFPTADECANE 38. CYCLOHEXANE
[of S. I=-BUTANE 22+ ETHYLENF 39. METHYLCYCLOHEXANE
C 6, N=RUTANF 23. PROPYLENE 40, RENZFNE
T T TP NTARNE T T 24T I=RITTERE 41, TOLUFENE
c A, N-PENTANE 25, CIS=2=-BUTENE 42. O~XYLFNF
C 9. NEQ=PENTANF 26, TRANS=2=-BUTENE 43, M=XYLFNE
[of 10. N=HEXANE 274 1=RUTENF 444 P=XYUFNE
Cc - 11s N=HFPTANE 284 1+3=HUTADIFNE 45, FTHYLRENZENE
Cc 12, N=0CTANE 29, 1=PFNTENE 46, NITROGEN
TTCTTTT I3, ON-NONANE U 7 30, CIS~-Z-PENTENE T BTe NXYGFN
[ 14, N=DFCANE 31, TRANS-2-PENTENF 48, CANRON MONOXIDE
C 15+ N=UNDECANE 32. 2=MFTHYL =1~BUTENE 49, CARRON DIOXINF
C 16, N-DODECANE 33, 3-MFTHYL=1=BUTFNE S0, HYNDRNGEN SULFIDF
C 17, N~TRIDECANF 36, 2-MFTHYL=2=RUTFNE 51, SULFIIP DIOXIDF
C
c 524 2=NETHYL =0S S6. 1-HFPTENE 60, C2-CYCLN-CH
C S3. 3-METHYL=-CS S7. PROPADIENE 61 TSOPRENE
(o S4e 242=-Di=-Cl=Cl SB,. 1¢2-HUTADIFNE 62. wATFR
C
C
C
" C

faXaXs)

|
|

eseess  COMMUN DFCK
COMMON/CONTL /NINSNOUT sNOCOMP o NE o NEN
COMMON/SYSAA/TITIE(20) sCOMPNT(20) yKOMNAMIRD)
COMMON/PHD/APC(20) ¢ ATC(20) sAVC (20) s AMW (201 s AOMEG(20) «ADEL (200 o
TAVW(20) «APH(20) +BRET(20) «GAMIZ20) s DTA(20) «F XFLAG

COMMON /KHSAV/BASEA(2N) «HASFH (201 4ZCD(20) «ALD(20)

toBNGN
LOGICAL EXFLAG
INTEGER COUNT«COMPNTY
C
I o) STANDARD CTOMPONFNT NAWES & 77~
C

TTTTTT2HUTANGYGHE T «4H

INTEGER SCNAME (248)

DATA (SCNAME(I)el=14156)/

1 4H HYD s 4HROGF s 4HN 4K e4H MFTebHHANE ¢ &M Y]

1 +4H FTHeGHANE o e «4H PRO«4HPANE s &H ol vaH 1=Hes
GH NSRVGHUTANGAGHE " "e&4H 7 o&4H T~P+4HENTAGHNT
e4H N=P OHENTA4HNE  s4H *4H NEOs4H=PFNe4HTANE v4H .
44t N-Hs4HEXAN « 4HF "oM et N-HeU4HEPTAGGHNE  o4H *4H N=Qe4HC
STAN+ 4HE «bH o4H N-N+GHONAN 4HE voH s4H N=De4HECAN o GHE
HetH *4H N=U+4HNDEC4HANE +4H sbeH N-Ny4HODECsGHANE o4H shH
7 N=Te4HRIDE +4HCANE s 4K e4H NeTo4HFTRAC4HDECAILHNE  o4H N=Ps4HENT
BALSHDFCAWLHNE  +4H N=H 4HFXAD+4HECAN+4HE o4H N=H4HEPTA,4HDECA.4
AHNE  o4H ETHo4HYL ENeGKE vaH . '

9 4H PROs4HPYLE s 4HNE  saH 94H 1=Re4HUTEN4HE Y] «4H CISe
AbH=2=Rs4HUTEN s 4HF v4H TRASGUHNS=2+4H~BUT+4HENE «4H T=Bs4HUTEN4KF
B vaH st 193e60H~RUT+4HADIE 94HNE  04H 1=Pos4HFNTE«4KE s4MH

3 e4H

[aXs¥2)

(e Kal

CoebH CISetHe2=PobHFNTE «4HNF  +4H TR=eaH2=PE s 4HNTEN4HE eleH 2=Cetr
Dlel=ebHBUTE ¢4HNE 94H 3=ColbMl=l=9HBUTEs4HNE oty 2=CobHla2=eunBUT
FEWGHNE  sb4H 1=He4HEXENGHF caH v4H CYCotHL OPF ¢ 6HNTEN &HE oo
FH Cl=s4HCYCLs4HO=CSebH s4H CYCoOHLOHE s LHXANF ¢ 4H v4H Cl=eaHCY
GCL s4HO=CH bR

TATA [QCNAME (1Y T=1S57¢248Y7 — 77 77

G 4H KENSGHZENE s4H caH et TOL e &HUFNE o 4H saH .
HOH O=X e 4HYLENe4HF “LH C4H M=Xs4HYLENs4HF v lH shH P=XaenrY
TLFNe&HF <4k v4H FTHIGHYLRE s 4HNZEN s LHF et NITs4HROGE e 4N
JetM saH OXYeLHGEN +46H 24M s4H CO eaw caH st v4H
K CO2ekw “4H chH s4H H2S e4H s4H vhH bl SO2e 4M
18 WAH T T RAH T T 94H PeMGGHETHY VGHL =¢S5 4R T TTYAH TISMIAHETHY « LKL - (S
MouH WbH 242¢0H=D]=4HC1=CobHa sbeH 24304 H=D]=,4HC]1~CesH4 coH
N 1=HeLHEPTE «4HNE  o4H suH PROG4HPANT +4HENE s 4H e4H 1 42e6H=RY
OT+GHANTE o GHNF  g4H CP=sbHCYCL s 4HO=CS,4H e4H CPmsaHCYCL 2 4HO=CHY o
PH elH 1SOC4HPRFNGHE vaH e4H WATWLHER  s4H cOH /

CHAQ-SFADFR MODIFTFD ACFNTRIC FACTORS = DIMENSIONLESS
HEAL OMEGA(62) .
DATA OMEGA/ 20000e10664.15380,18250419534,20144423874,1954.2927
190360344399244447394.48699,52100e56104¢6002+46399,,674345470784.7327
200098094 ,14514.2085¢,25754,22304.1975¢420200,21984,2060+42090¢.72000
Ve s l0900,21200020004,2051¢,236600.2032¢.24210621304.25910429040.3065
64,29604,.2936,.0206¢,0299:=,006T700176Re08684,24024.27T19.27464.231
Se 2.2660¢,3671e,11939,00M7¢,27090,304600¢,2]130,34R/

CHAN=SFANEN MODTFIED HILNDFBRAND SOLURILITY PARAMFTER

(CALL/ML ) ®® 1/?
REAL DEL (62
Data nrvs Fe?SeB 0505 . RBeH,00:296,73e3¢7,N21,7.260¢7.0347.55147
1o669¢7 .72 0T eT79e7,864T0RB907,9207.9697.99¢8,0395,R46.204%0,T606,94
2607066037 ,4e8,10707.H49e8,.19607.82609,158:8,315¢8,987¢8.818¢8,763¢
38,787 42,585,903, 1366,45.670¢6,07.01B47,132¢6.712:6.967¢7,168¢6.854
6074957 ,739:7,763e7,277e7,39/

VOLUME AT 2S5 DFG.Ce. « Ml ./ G-MOLE

PFAL V251(62)

DATA V257 31, e52,0AR, R0, +0105,5010]1,4e117,44116,1123,34136,6,
1167 .,56163,5-170_,4A4196,0212.2:228.002446,9426]1,3:277.,84294,14310,4.
261 0979,995,3091,2493,R¢95,4e88,¢110,44107,846109,4108,7+4112,8+106,7
Bel129.ReG4, 7411314108, 73128,3489,4+4106,84121,2+123,5¢124,4123,1¢
6 36,0628 ,64715,24657,6¢463,6445,24132,94130,64172,74131,.2¢141,761.64
S A3, 7e178.8¢163,14100,37518,0767

CHAN=SFANER CHARACTERISTIC MOLAR VOLUMES - M./ G=MOLE

REAL VW(HKZ)

DATA yw/ 095505407, 8B010.35413.37¢130915.36615,27¢15.89417.06442
10.05422.49:24.04,27,42425,9432.39,34,8R,37,.309439,89,42.41.44,9246.
PHRI9.699 121 T2 11.710120012017011427016e55014.26010041014,31014,77
316,16016,9012.72015.33014,87417.67912:260146.83¢17,0317.28417,34,1
WT02302.53402.87142.58496.36505.08106,516417.727017e47364164297
S17.519¢19,22367.7210104936417.713419.916413.297+2.5527

CRITICAL TEMPERATURES. DEG, K.

RFAL TC(62)

DATA 1C/ 33,274190,.7+305,43+369.974408,14,425,17+46].4469,78441
13.7h4507.9+5604164569.84535,46190064000659000770e69544710,47254473
25.02R3,064365.10419.64428,042R,041T489042%00476,,681.160479,100477

h8



C
T T CRTTICAL T PRESSURF ST AT, T

T T A2 IR IO B30 RS Y 30, T R U5 85 Y2y a0 T2 3T S 3V IV BRYIR, W 2IR 3T T

[
C

3016046141604 T77.16¢503,.99+511.760532.77+553,460572,160562,61¢59,¢6
432.29619,2061842+4619.7912602+1564.R081479194,74211,44263424498,06,
55064433+489,394500.289535.54397,78,4658,064569,444602,61+484,28,
6667,33/

RFAL PC(62)

DATA PC/ 12679045.Re48,2¢42¢014364937:47432.9433,31631.57429.92
192701 028.66022.5020e8919,2917¢94170016,915,4144913.950.5+445.4¢39,
27061 40614439,685442.7¢39,9435,3035,1035.434,5435,9¢32.1444,55437,36
V438, 2¢34,3204H8,6040,036,435,934,437,933.5450,1434,5¢72,9+88,977,7

COITICAL VOLUMES.
RFAL VC(62)

NATA vC/ 65.0699.54148,4200402A344255.4308.¢311493030436R.0426,
1048644543,4602.4660.9718.078049830,+890.0950,+1000401260181,.4240,

CC./GMOLE

T 29?36 0780, 9235 02214479549 295.92954. 930140291, 4286.9350.4260.4319,

3308,0364,9260,031640369,9376,937TH8,9374.4990,1476,4493,1994,495,¢122
4,e3R7 4367 ,9359,4358,4405,9146,9221,0375,4419,4266K,456,/

MOLECUL AR WETOHTS

REAL MW(A2)

DATA MW/ 2.01R¢16,04240,068444.09442%58,1243#72,1464R86.172s
1100019R4114.224412842%54142.276+156e302¢170.328514643544191,34,
P212:406e¢226.432240.688¢2Ra052e42,07R44256,104+54,088+6%70,1 3
IBL156¢T0.1342084.156,98.1R2,78.108492.134440106,16.28.016432.42R8,
G01064,01e34.0R,64,0644286,219R,2+4041056,149R,25112.2+68,1,18.02/

DFNSTTTES AT 1% DEG. Tee

RFAL DFNS(62)

NATA DFNS/ 0070¢02¢4376405076425633445847,,6260,.63089,,5967,.66
13B4446BB801+0706540.T721469,733%¢.70400.7525+.76000.76639.T77200.7734
2407780943490 ¢,52764.6014¢,62719.61¢,6005¢,6274+.64565¢.6607¢.6534
Vo655R 0 632604, 6770467779, 750189 ,7536+.78314,.773714,884174,87146.

Ge/ML.

TG, RRAGT .  BORI6, [ BRS32: BT1414,808,1,1609.80841,1014.79041,434,,08579

See6694,65045 66644 ,7015+,657¢,658¢,771+,7922+,6861+1.0/

eawe COEFFICIENTS OF 7ERO PRESSURE HEAT CONTENT, secce
REAL APHA(62)

DATA APHA/ 64952¢3,38142.24742.61003:33244.45044.,81645,91044,37

T T T T T BT T S 0SSV TIU L B26 T2 TR VI3 T T015.342,16,.914.18.686470,064421.

cP63023,202128,7T744,948¢07530=,240=1,77R9243441,65+~1.29+1,788+-3.35

31014494,49593,2700,13002,0634=1249574-124114¢=15,935¢=15,07¢-8.65¢
4=R,2134=3,789426,5334-5,334¢=B,.39R+6,903+6,0R85+6,726+¢5.31647.074+6,
G15741,36102.6214,59341.298¢2,36443,015942,84R74=12,282+-15,559,

6, 468T47,70/7

DATA BRFTTA/ = 04STAE=2418,044E=3438,201E=3457,195¢=3+75,214E~3,
177e27E=3091.585F=3488,449F=3494.61E-3+104,422F~34120.3526~34136.29
2BF =34152.248F=3,168,198E~3,184,148E-3+200,098F=3,216.048E=-3,231.99
37F=34267,948E=3¢763.898E+3e279.84RE=3+3.735F=2+15,691F=2+8,65F=2,48,
L0T8F=2474226=24T,702F-2+8,35F=2+101,454E-34109.623E=-3+99,696E~3,10

TT83.985F=3e¢99.735F=3+99,11RF=34123.004E=3+13,08TE~2+15.380F=2+16.454

GE=2e1B,972E=2¢11,5TBE<2413,35TE-2414,291E-2414,.905E=2¢14,220E-2+15
Te935E=20~003753F~2¢.3631E=2+.04001E=~291.4285F=2+,3128E~2414384E-7
Bl2.5712E=2+12,3504E=2413,3F«2412.6929E~2+14.4B802F=~244.503E~2

9 6,4329€=2417.682E=2+2143R01E~2¢9.487F=244,59E~64/

“REAL BETTAUE2Y S . oo

REAL GAMAL(62)

DATA GAMA/ 09563t 54243 ,EaTew110,49E=T4=175,33E~T¢=237.34F=T 4~
12270 14F =T 4=2H89 . 6PF =T ¢=273,88F =7 ¢=105,87F 742326, T1E~7¢=375,28E=7~
242593 =T e=4T6,62F=T¢mS27 31E«T =578, ExTe=62R69F=T¢=-679,38E~7+-73
30.02t=7s=T80 TOE=To=B3] ,4GF =T 4=B82,14F=Te=1,993E~N9=2,91F=54=5.11F
BBy =l 0T4E =54 =3.403F=5¢=1,9R1F=54~5,5R2F=5,~554 . 2TE=Te~603,45F =T~
SHR2 .6 =T =576 ,04E~Te=551 ,51E~T¢=504,37E=74=6T4,01E=Ts=7 ,44T7E-5.=-8
0.915F 8029, 203E=50=10,989F=5¢m7.56E=5¢=R,23F =5e=H, 394E-54-8,831F=5
TemTe9RGF=54=10,003E=5441930F=52~,1709F =S¢, 12RIF =S¢=,B362F=-5,.1364F
BaBam G910 =S¢t [ AlGTF=Ses=t,7]04FaSea’,28]AF=Ge=b,9] 33t =5,a7,98064F~
Y9 e m? SOBF S ead 61 HF=54=10,2304F=5+=12,3R0AF«8¢=5,553F~5+2,521F~6/

PFAL DFLTA(RZ) — 7777 o T oo o mm e

DATA DFLTAY/ . 2079F=9¢2050,06,22E29¢5.RRE-9412.,07t~907,.89F=%n,
1OTE=9eR,02E=9414,24F Q411 ,H855F=9¢12.911F=9:410.94RF=~F+12.0]14F=9412.
2061F =949, 9E=9414,404E=9¢1A,41E=94720,06=9,19.P7E«0424409F -9+ 1H.54E
3e9 1Y, 20F =94 1B.BF=9420e05F=Y017e03F=0423.95E=Fe= ABOLE~9,, 31 33 =9,
4o 530T7E=Ge] L TRUF =Qem  THETE=942.057F=Q0490, 017 1HF=945.6TRE-Ge7,043
BE=9422.835E=-0426,997E-941.2629E-R«~R,SBTE-10/

NAMFLIQT/NQCOMP/APC-ATC-AVC;AMHvAOMEG~90E|oAVwoADH'HFYOGAMoDVA

Do 10 I=leNnOCoMP
J=COMPNT (1)
1F () .GTs 62) 60 10 8
Tlz6o(l=11e1
TFC(NOMNAMIT L) RNMNAM (T 161 ) s OMNAM{T1¢2) M OMNAM(T1¢3)) NE, OO
1 60 T 7 .
DO 6 COUNT=1 et
I=T1+2COUNT=}
15=408(J-1) « COUNT
KOMNAM (1K) = SCNAME (15)
PP=]14,696L 0#PC(J)
T1=1.887C()) )
AOMEG (1) =OMEGA () .
ADEL (T)=DEL ()
AVWI(T)=VW )
ARC (1) =PP
AtCtIy=171
AVC(I)=(VC(.))®,45359) /28,132
AMW (1) =MW ()
ALD(TY=DFNS ()
APH({T)Y=APHA L)
RET(T)=RETTALY)
GAM (1) =GAMA (J)
DTACTY=DFELTA(D)
60 TO 9
8 TT=ATC(D)
AVC(T3I=AVCIT)#,45359/28B.3277 7 "
pPp=ARPC(])
9 BASFHR(1)=.086T*TT/PP
ZCND (1) =PPSAVCIT) /(104 73E0TT)
10 HASFA(T)2S0RT(,42T78eTTe82 5/0D)
IF (EXFIAG) WRITE (6«NSCOMP)
RE.TURN
ENOD

-~
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SURRUOUTINE KHZTUARGANSLIST)

c
C THIS IS A COMPRFHENS
C

IVE THFRMO, DATA SUHROUTINF WITH 7 ENTRY POINTS

?. ENTRY /NENS (ARGeANS)

e T T T 3e ENTRY ENTH TARGEANQY T T T T e e T S 0796 0BSAE =, 0217V 06 T4 = 06109, ,062A1¢=,237Re, 1R6S5/
C “o ENTRY KVAL (ARG ANSLTST) N REAL FRK (443}
[o Se FNTRY TSURH (ARG.ANS) NATA FRK/ e 0B626eme 35 1He 6194 32,3R094,01937¢-,03055+,06310+0,0
c 6o ENTRY RUBTP (ARGANSHLIST) 1e=.01393¢=,003459¢=,1611:0.,0/
c Te ENTRY DFWTP (ARGeANSLIST) REAL FRL{S3)
c NATA FRL/ =2160055.176¢233,6370=2R,109¢26,27T7¢=16.0430.699.
nc T T} 19 BAS =BT 3054 7. D3 TR 5SS T BT 1S 344 =T, 0472001697 T T T T
c
c feesae  COMMON DFCK etsans g eesPRESFT VAIUES,...
c DATA ENPHTGLNACTLNNU/Z204NEQ20%0F042020£0/
COMMON/ZCONTL /NINNOUT «NOCOMP o NE s NEN [
COMMON/SYSAAZTITLE (P01 +COMPNT (20) «KOMNAM(AD) Cc sases ZPENS ecese
T COMMON/STRMTIN/SINGMIB) +STFLAGI8) o SIVPFRIB) ySTTEMD (B) 4 - S o Tt T
1STPRES (R «STENTHIA) «SIVISC(R) o SITHK(B) «SILZ(R) «STVZ(B) » ENTRY 7DENS 4
2IMOLE (B) « SICOMP (204H) o STRV (2048) ASSIGN 20 TO L.OC
COMMON/STMOUT/SOMUM (H) «SOFLAG{B) +SOVPFR(A) +SOTEMP (B} » 60 TN 1000
ISOPRES(H) «SOFNTHIR) «SOVISALH) s SOTHK (H) +SOLZ(R) +SOVZ{8) » 20 IF(COUNT NE. 0) 60O TO 2}
2SOMOLF (8) «SOCOMP (20 48) «SOKV (204 8) ANS=20,
COMMON/PHN/ZAPC(20) s ATC(20) «AVC (20) ¢ AMWI20) s AOMEG (P01 s ADEL (20) o RF TURN
TAVW(20) «APH(20) «RFT(20) +GAM(20) «NTA(20) +EXFLAG - 21 ASSIGN 22 TO LOC
COMMON /KHSAV/RASEA(20) «RASEH(20)+2CD(20) +ALN(20) 6N TO 3000
[of 22 1IF (VPFRAC «NF. 1) GO TO 24
c escopna ASSIGN 23 TO LOC
[ 60 TO %001
s INTEGFR ARG e - P23 ANS=ZFAC : T e
REAL LIST(20) RFETURN
INTEGFP TQTLE 24 IF (VPFRAC «NE, 0) GO TO 26
REAL LNPYI(20)t NACT(20) «1 NNU(20) ASSTIGN 25 TO LOC
RFAL 1LHC+MPOLY L MADDY GO T 6000
[NTEGFR COUNTTCOUNT +COUN4COMPNT o VPFRAC .25 ANS=/LIQ
TUOUTTUUURFAL KVU20) oNEWXI20) e X 120) s AV2S () T T T m e e e o RFTURN TTTT T s e
LOGICAL FFLAGeFLAGFXFLAGsAKFLAG ?6 WPITF( 6e27) NF
EOUIVALENCF (TRECTEMTUR) 27 FORMAT (100HO®#® ZFACTNR CANNDT HF CALCULATED RFCAUSE VAPOR FRACTIO
[ IN 1S TMPROPERLY SPECIFIEDe o5 WILL HFE ASSUMEN./4n NE=el4)
[ INTERNAL FUNCTIONS setae DEILHV + DELHL #esss ANS=0,.5
C AS STATEMENT FUNCTION  DFLHVL RF TURN
o e e P [ i
DFLHVL (He2) =(1.S#ASONDRYALOG(1esH) ¢1,=Z)#*TEMTIR®] 980 _E ranss ENTH #neos
c c
DPOLY (AsBeFoHsZ)=A¢ (Re (FeunZ)Z) 87 . ENTRY FNTH
NADDY (AeBsF yHaZ) =A+BPSREN] +F¥SREN2+H#ARED+ Z*SREDSG ASSIGN 30 TO LOC
MPOLY(AL+A2¢A34A40¢Z)=A14 (A2+ (A3eA4nZy07 )02 G0 To 1000 _
T T T TTMADNYTAT VA2 VA VAL YAS Y A TS A2 SRED T AIFSRENZFALTARF IS ASYSREDA T T TTIT IF(COUNT LNE, 07 GOV TH 37
c 31 ANS=0,
4 CHAO~-SEADER COEFFICIENTS FOR LIQUID FUGACITY RF TURN
[of AS MODIFIFD HBY GRAYSON AND STREED. 32 IF(TEMTUR,LT.1.) GO To 31
RFAL COEFFT(3+.10) . 1.0s=1
DATA COFFFT/ 1.50709¢123682242.0513592.742834=1,548314¢=2.10R89 ! GO TO 14000 -
T T 19 e = 0211928004 000115 . N2BBF9=.1939690.¢=.01076+,02282+.008585 TTTTTTT33 ANS=GFTH T
2.10486¢,0885200,9=.0252940.9200,9=.00872¢220,9=.00353+2%0,9,002037 RFTURN
[ [
c CONSTANTS FOR YEN AND WOONS CORRELATION c se8ns KVAL ®eses
c Cc

RFAL FRT (5,3

DATA FRL/ ~oNAL1T0,327497e50144¢3R700=,13424,09330+,3445+,4042
19=020834,054734,08%=,4344¢,7915¢=,76544,3367/

REAL FRU(S5+3)

DATA Fu )/ e 0123002,0124¢,162%¢2,2135¢,08h063,,022¢~,003363¢

16



FNTRY xVAL
ASSIOGN 40 TO LOC
G0 TO 1000
40 IF(COUNT _NF, 0) GO TO 4}
aNS=0,

63 IF(PRSSUR 6T, PrRIT ) GO 10 61
TY=TEMIUR
ENPHIZOFO
00 630 [=x1.20

630 LNPHIC(D)=0FO

RETURN

IF(VRFRAC JNFe. 0) GO TO 4%

tLns=l

GO TO 7000

43 IF (VPFRAC .NE. 1) GO YO 4S5
Los=1

b

—

CAULU ZFRO UNFWX.oOY — T
N0 164 COUNT=1440

ASSIGN 64 TO LNC

60O T0 12000

64 ASSION 65 TO tOC

G0 YO 11000

GO TU RUTT

4S5 WRITE(6e 46) NF

46 FORMAT (9AHO#®# KoVALUFS CANNOT BF CALCULATEDe VAPOR FRACTION IMPRO
1FFRLY SPECIFIED, LAST VALUES WILL BE USEDe/4H NFxels)

47 D0 48 1=1+NOCOMP

48 LIST () =xv(])

65 DN BE T T=TNOTOWP
TEMP=NFWX(])
NEwX (1) =x(D)

66 X{1)= TEMP
COUN=0

AT FFLAG=.FALSE,

A9TANS=ILT T TIFTCOUNT LERSIY GO YO 6RF T T T
RF TURN LNs=2 !
C GO 1O 8000
4 ssses TSURH wsses 68 ASSIGN 69 TO LOC
C G0 YO 9000
ENTRY TSUBH 69 DN 160 1=14NOCOMP
AGSIGN S0 TO LOC TFMP=kV (T} SNFWX (1)
GO TO 1000 . IF(TEMP,LTL1.6=10) GO TO 160
S0 IF( COUNT.NE.O.AND. APS(HCONT)GT.1.E~4 ) GO TO S1) TF(ARSU(TEMP=X{T) ) /TEMP) JGT, 1.E=S) FFLAGE.TRUF .
ANS=0, 160 X(1)=TFupP
RFTURN COUN=COUNS]
S1 TFATEMTURLLT. loF=6 ) TEMTUR=A00. 1F( COUNGGTL200 RO TO 165
TT=ZTENMTUR - TTTTTT IR IFFL AGY GO TOORT T .
Do S6 COUNT= 132 SUMK X=0",
Lns=2 DO 161 I=1eNOCOMP
GO 7O 14000 TEMPX{1)
52 HIRY=GFTH X1 =NEWX(T)
SUMKX=HCONT = HTRY NEWX {[)=TEMP
T T T IR AR ISUMK X ZRCONT Y o T 1S FRS Y GO T T SST T T T T e TIFIX{TI LT 1.E<INT GO TO ]6!‘""”""
ANS=TFMTUR SUMK X2 SUMKXs (1 =KV I]))®*XLT)
RF TURN 161 CONTINUFE
55 ASSIGN 56 TO LOC IF (ABS(SUMKX) /TMNLE JGT. 1.F=5 ) GO TD 163
GO 1O 2000 DO 162 1x]1+NOCOMP
56 CONTINUE 162 LISTUI =KV )
WRITET B3STY NF “‘ TTTTTTT T ANS=TRMTUR T N
S7 FORMAT(98H0®o® TEMPERATURF AT INDICATED ENTHALPY CANNOT RE fOUNDo PFTURN
1ASSUMED TEMPERATURE OF STREAM WILL BE USENe/4H NE=zs]4) 163 ASSIGN 166 TO LOC
ANS=TT G0 TO 2000
RFTURN 164 CONTINUE
C 165 WRITE( 64166) NF
T FEESE PUNTY WESEN T e 166 FORMAY (RAHO®E® BHRATE POTNT TEWPERATURE CANNOT BRF DFTEWRINED. ARGQU
¢ IMED TEMPERATURE wWILL RE USEDe/&M NE= le)

ENIRY RUBTP
ASSIGN 60 TO LOC
60 YO 1000
A0 IF(COUNT NE, 0) GO TO 62
A1 ANS=0, )
RE TURN
62 IFL{COUNT LEQ. 1) GO Tn 72
L0S=1
GO TO 000

[z XaXsl

ANSZTFMTUR
RETURN

ssces DEWTP esece

FNTRY NEWTP
ASSIGN 70 10 LOC
60 T0 1000
79 IF(COUNT.NE. 0) GO TO 72

FAS)



Tl ANS=O. Jz=ARG
RF TURN N0 1001 (=120
72 Lns=? 1001 x(1)=S0COMR (1.1}
G0 10 4000 HCONT=SNENTH( ) "
73 IF(PRSQURLGT.PCRIT) GO TN 71 TMOLE=SOMOLF ()
e £ T 120 £ - TUOTPMTURSSOTEMP LY 7 7T
ENACT=OF0 PRESUP=SOPRFS Y
DN 730 1=1.2C VPFRAC=SOVRFR(J) o L,0n0]
730 KNACT(13}=0FEQ 60 TO 1006
CALL ZERO (NFwXe 20) 1003 .J=ARG
DO 174 COUNT=1440 NN 1004 (=120
T T UASSTGNTTA T TUTTIOT 1004 X(T)=STCOMPITJY R
GO TO 3000 HOONT=STENTH ()
T4 ASSIOGN 7S YO LOC TMOLE =S IMOLE ()
GO TO S001 TEMTUR=STTEMP ()
75 ASSIGN 76 TO LOC PRSSHP=SIPRFS (. .
60 TO 10009 VEFRACZSIVPFRIY) « L0001
TTTUTTR DOTT T=1.NOCOMP T T e e . 1006 COUNT=0
TEMP= NEWXU(T) non 1007 1=1eNOCOMP

NEWX(I)= X(T) TFAXLT) oGTa 1 Fal0) COUNT=COUNT ],
77 X{1)=TFMP 1007 CONTINOF

coun=g GO TO LOCs (20430480450 460470)
T8 FFLAG= ,FALSF., c
L0s=? C THTFRMNAL FUNCTION sovso [TFR vesss
G0 Ty 7000 C
79 DO 170 I1=1+NOCOMP 2000 IF(COUNTEQ.LY GO TO 2001 3
TFMP=NFWX (T)/KV(T) TF CAHS L (SUMKX=OLDSUM) /SUMK X} L T, 1,E=4) GO TO 2001
IF(TEMP L TalaF=10) GO YO 170 TEMP2SUMKAS (TEMTUR=0L DTF M} Z {SUMKX=0L DSUMY’
IFLAHS L(TEMP=X (1)) ZTEMP) oGT,s 1.E=5 ) FFLAG=.TRUE, TEM=0| DSUMESUMK X
TTTITO XTI =TEMP IF(ARS(TEMP) ,GT,TMAX) TFMP=ABS(TEMP) /TEMPOTMAX
COUN=COUNe 1 TFATFMLLTLOHO) TMAX=TMAR/?,
IF L COUNLGTL20) GO TO 175 DIEMNT O TEMP
IF( FFLAG) GO TO 78 TF(DTEMETFMLLEL,060) 60 TO 2001
SUIMKX =0, DIsTEMP
DO 171 1=1eNOCOMP 60 To 2062
TUTUTIEMPEXATY o 2001 DT==20, .
X(TY=NFWX(T) TE(COUNT (£0, 1) TMmAX=500,
NFWX([)=TEMP IFISUMKX,6T.04) DT=20,
IF(X{D) . LTsl.F=10) GO YO 171 2002 OLNTEM=TFMTUR
SUMKX=(14/KVIT)=1,)#X (1) eSUMKX OLDOSUM=SUMKX
171 CONTINUE TFMTUR=TEMTURSDTY
T IR LARS (SUMKX) ZTMOLE L GT. 1.E-5 3 GO YO 17T 2003 TF(TEMTUR LGF.04) GN TO 2004
DO 172 1=1eNOCOMP 0I=D1/2.
172 LIST(l)= KV(]) TEMTUR=TEMTUR + ARS(DT)
ANS=TEMTUR GO TO 2003
RF TUKN 2004 CONTINUFE
173 ASSIGN 174 TO LOC TEMTURSAMAX] (TEMTUIR3IND,
T 6O TO ZogoTT o T T T - GO TO 10C (5661644174
176 CONVINUE ¢
175 WRITE( 6e176) NF C INTERNAL FUNCTION seeec CALCAR ®ones
176 FORMAT (8B1HO®%® NEW POTNT TEMPFRATURE CANNOT RF DFETERMINENs ASSUMED c
1 TEMPERATURE WILL BE USEN«/74H NE=«14) 3000 CONTINUF
ANS=TEMTUR A=OF0
RFTURN H=0f0
(o SUIMX=0,
C INTERNAL FUNCTION seses COMVEC sescs ASODB=1€0
c

1000 IF (ARG .GT. 0) GN TN 1003

0O 3001 T=1.NOCOMP

TF(X(I)al.Ta 1aF=10) GO 1O 3001

¢6



B=BeBASEB{IY®X(])
AZA+BASEAL(T)I®#X(T)
SUMX=SUMXeX (1)

5003

ZouUOT=7SNBOV2/ZCIIAOY3
ZROOT=SORT (=ZQUOT)
ZYERM=1,0-ZR0OQT#»2

3001 CONTINUE IF(ZBET)IS011+5012+5012
IF(SUMX.LT.1.E=10) GO TO 3002 5012 ZPEI=(1.570796+ATAN(ZROOT/SORT (ZTERM))) /3.0
R=R7SUMX/TENTURTF T, 25 GO TO SUT3
R=B/SUMX/TEMTUR 5011 ZPEI=ATAN(SQRT{ZTERM)/ZROOT} /3.0
ASQDB=A®A/B 5013 ZFACT=2,025QRT (~ZALFOV3)
3000 CONTINUE Z2=7FACT2COS(ZPFT)=ZB10V3
GO TO LOCs(4001sR001+14001+22474 ) IF(ZZ.LT.0.2) WRTTE(645555)Z2+NEsARG
C 5555 FORMAT (*O0WARNING ~ VAPOR COMPRESSIBILITY LESS THAN 0.2 (®eF5.3+%)
T INTERNAL FURCTION TETTY PCRIT ¥ w T = CUUOTPRNENT T4 [3+7 SIREANMTF, I3}
¢ RETURN PCRIT 5100 ZFCTOR=22
4000 ASSIGN 4001 TO LOC ZFAC=ZFCTOR
GO TO 3000 H=BP/ZFAC
4001 TRASH=(4.94/ASQDR)*%,666666T ¢
PCRIT=,0867/ (TRASH#*B) GO TO LOCs(23+8002414002475)
K GO 1O 63« 73Y+L0S5 T
c ENTRY LZFAC 5000 c
C INTERNAL FUNCTION BREBE FZEAC Banne ZFAC S001 c INTERNAL FUNCTION tases | JODEN #enes
[4 RETURN ZFAC c RETURN ZL10
¢ Ceaa YEN AND WOODS CORRELATION ,ee
c ORIGINAL NEWTON=RAPHSON ITERATIVE SOLUTION FOR RENLICH~KWONG 6000 CONTINUE
T KAS REEN REPLACED FOR COCA40U VERSTON GT00 AAPWE0, 0FET ) o
c WITH AN ANALYTICAL SOLUTION FOR THE CUBIC IN Z PST=0,0E0
[ PSV=0,0E0
[+ THE VAPOR COMPRESSIBILITY ZFCTOR 1S ALWAYS THE FIRST ROOT=-22 ZCE=0,0E0
c THE SAME ENTRY.POINT IS NOW USED FOR CALLS 5000 +5001 DO 6101 1=1+NOCOMP
C AAMWSAAMWOX (1) #AMWI(T) /TMOLE
SUUUTTCTONTINUE PSTEPST#XTITHATCITT 7TRULE
5001 BP=B#*PRSSUR PSV=PSVeX (1) #AVC(T)/TMOLE
. ZRl=-1,. 6101 ZCE=ZCE+X(1)®ZCO(1)/TMOLE
ZB2=BP* (ASQDB=~1,0~BP) PSP=(7CE*10,T3E02PST) /PSV
ZB3=-ASQDBeBP=BP ACON=DPOLY (17.4425E0+=214.5T8F0+989,62560+=1522,06E0+2CE)
ZB10v3=Z81/3.0 IF(ZCF.6T..26F0) GO To 6111
ZAUF=Z82=Z8 T3 7RIV BUONENPOLY (=3, 2825 TEU I3 B837TE U T0 7. 4B44E D3 =384, 2T TEU+ ZCEY
ZRET=2,0#ZB10V3093~7B2#2ZR10V3+283 G0 TO 6120
ZRETOV2=ZBET/2. 6111 BCON=DPOLY (60.2091E0¢-402.,063F0+s501.E0+661.E0+ZCF)
ZALFOV3=ZALF/3, 6120 DCaN=.93E0-BCAN
ZCUAOV3I=ZALFOV3eal TROD=TEMTUR/PST
Z50B0V2=ZBETOV24e2 [4 IF (TROD.GE.1.E0) WRITF(646121)
LOELFISGHOVIS LLUADVS - COTZT FORMAT (¥WARNIRG =
[4 FNR ZDEL +VE THERE 1S ONLY ONE REAL ROOT - c 1UCED TEMPERATURES ABOVE 1)
c FOR ZDEL ~VE THERE ARF THREE REAL ROOTS ARED=1,0E0-TROD
IF(ZDFL)5003+5003,5004 IF(TRON.GE+1.E0) ARED=0,0F0
S004 ZEPS=SQRT(ZDEL) SRED1=ARED®# (1 ,/3.) °
ZRCU==-ZBRETOV2+ZEPS SPEN2=SRED1#SRED]
ZSCU==7BETOVZ=ZEPS SREDA=SREDZESRED?
ZSIR=1,0 . / RHORS=DADDY ({1E0+ACONsRCON+OF0+DCON)
7515=1,0 : E27=DADDY (o 714EQ0e=10626E0¢=0646E0+34699E0+=2,198F0)
1F({ZRCUI5007,5008+5004 1IF(TRON,.GE.1,0E0) GO TO 6300
5007 ZSTR=-1.0 F27=~ALO0G (TROD)
5008 IF(Z5CU)5009+¢501045010 F272,268E0% (TROD##2,0967) /(1,0E0+,8E0#(F274#,641)) _
SU09 Z5T55=1.0 GZTZ0GE0+4 . 22IE0 ({1, UIEO=-TROD) ¥# TSI ¥EXP (=7 B4BF D TT . DIEO-TROD)
5010 ZZR=ZSIR®(ZSIR*ZRCYU)*#0,33333333 1
22S=ZSIS®(ZS1S8ZSCU) #00,33333333 G0 TO 6301
ZZ=ZIR+Z25-ZB10V3 6300 F27=,26BE0%(TROD#®2,0967)
GO0 TO 5100 627=,05E0
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6301 HP7=DANDY(=10.6F0+45022E00=103.79F0+114444F0e=47,38E0)

8002 ASSIGN 8003 TO LoC
IF(ZCE.LT..25E0} GO TO 6102 GO TO 10000
IF(ZCELGT..30E0) GO To 6104 8003 ASSIGN R004 TO LOC
DELPZ=(ICE~.25E0)/,012E0 GO TO 9000
AFAC=3,1F0+DPOLY (~.21417E=l4=,133624E0+,0619168E0+=,010875E0 8004 GO 70 (47469) +L0S
T DELPZT®UETLPZ T )
GO 7O 6103 Cc INTERNAL FUNCTION snane EQR oeses
6104 AFAC=1.8E0 c
GO 70 6103 9000 CONTINUE
6102 IF(ZCE.LT,..23E0) GO 10 6105 0O 9001 I=1.NOCOMP

DELPZ=(ZCE=4,23E0)/.005E0

AKV=22,.302585F0#LNNUIT) +LNACT(1)=LNPHI (1)

AR A= IR T3 P UL Y (= dRITIZE = v e SORITTE=2 9= JTGSBF =2+ < 4 I6S5 TE= 3¢

DKVEAMAXTTORV e =30.7

H DELPZ)*DELPZ NKVEAMIN]L (DKV+30,)
G0 TO 6103 9001 KV(I)=EXP(DKV) '
6105 AFAC=3,15€0 : GO TO LOC+(70034R004469)
6103 PRS=EXP(2.302585E0#AFACS (1,E0=(1.E0/TROD))) [
DELP= (PRSSUR/PSP) -PRS [ INTERNAL FUNCTION seane GASFUG *8see
TT=DELVP T
TFIDELPLT.42E0) TT20,2E0 10000 ZT=ZFCTOR ~1.
DFLDUMZE2T+F272A1 OGITT) +G2TREXP (H2T=TT) ENPHI=0EO .
IF(DELP.LT,0.,2E0) DRELNUMENELDUN® (NELP/L2E0) IF(H.GT+.999EG) 6O TO 10002
6113 IF (ABS(ZCE=427EQ)+GT+1.E=10) GO TO 6107 ENPHI=ZALOG(ZFCTOR® (]1,~H))
RNZC=0E0 10002 ASCONTASQDBCALOG(14+H) -
GO TO 6112 o - ST T RYE BTEMTUR T T
6107 u=3 . ATz ASTEMTUR®®],2% /2,
IFiZCE.GT,.27E0) U=l PO 10001 1=14NOCOMP
IF(ZCEaLTes2T7ED0LANDLZCELGTa s 24E0) Um2 IF (ATl To1E=30) AT=BASEA(T)
RII=MADDY(FRI(Is 3V eFRTI(2s I oFRI(I4I)oFRILG LI &FRI(SeN)) 1F(BT.LT.1€E~30) RT=BASEB(T)
RII=MADDY (FRJI (T 90V eFRI(2e0) oFRI(IsJ) oFRI(G0 ) oFRILSeI)) BTIT=BASEB(I} /AT
K ISHPULY TP RKT T o JT s T WK UG JY ot RKUS9 IT v RKIATIT o TROTIY ol LNVNII!)‘ TR T=ERPHRT® ASCUNYABASLAVIT7RAT=BT T
RLI=MADDY(FPL (10 J) eFRL (20 ) oFRL (30U oFRL {40 oFRL (SeJ)) GO TO LOCe(T6+800)
6110 TT=DELP C
IF(DELP.LT.420E0) T7=,20€0 c INTERNAL FUNCTION #ssae | JQACT *esan
RDZC=RI1+RJIL*ALOGLTT) eRKI®EXPI(RLISTT) [
. IF(DELP«LT««20E0) RDZCERNZCO(DELP/0.2ED) 11000 SUMDEL =0E0
6112 RAUTRHJRS*DELDUNFRUZT SUMV=TTF O
ROCRIT=(PSP®AAMW) /({Z2CE*10,73E0%PST) 00 11001 I=1.NOCOMP
RO=ROCRITORHO AV2S (1) =AYW(T) # (S5, T+3,0#TFMTUR/ZATC(]))
21 1G=(PRSSURPAAMW) / (10.TI*TEMTUR®RO) IF(X(T} el Tal.F=10) GO TO 11001
6007 LHC=B#PRSSUR/ZLIO TEM2X (1) ®*AV2S {1}
6008 GO TO LOC»(25+14004) SUMDEL=TEM®ADEL (1) + SUMDEL
T STMV = TEW + SUAV
c INTERNAL FUNCTION saase LIQPRM teese 11001 CONTINUE
¢ TF(SUMVY,.LTe1.,E=30) GO TO 11003 N
7000 ASSIGN 7001 TO LnC SUMDEL= SUMDEL/ SUMV
G0 TO 12000 11003 D0 11002 I=1,NOCOMP
7001 ASSIGN 7002 TO LOC 11002 LNACT(1)=AV25(1)#(ADEL (1) ~SUMDEL) ##2/TEMTUR/1.1033
GO YO 1TI000 GO TO LOT»(65. 70027
7002 ASSIGN 7003 YO LOC / C
GO TO 9000 ) c INTERNAL FUNCTION #ases | 1QFUG eeens
7003 GO TO {4T+79)L0S Cc
¢ 12000 CONTINUE
C INTERNAL FUNCTION #nese VAPPRM #aess 00 12001 1=1+NOCOMP
T TRED=TEMTOR/ATCITY
8000 ASSIGN 8001 TO LOC PRED=PRSSUR/APC(T) °
GO TO 3000 J= 3 ~ (2/COMPNT (1))
B0OO1 ASSIGN B0CZ2 TO LOC 1F (ABS (ADMEG {111 ,LT,.03.ANDLJLEQLD) J=2
60 TOo S001 ENNUZ ((COEFFT( J9S)TREDSCOEFFT(Je4) ) *TREDCCOEFFT (J93) ) TRED
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1COEFFT(Je2) /TRENSCOEFFT(Js1) ¢ ((COEFFT(JoB) *TREDSCOEFFT(Je7) ) *TRED
2+COEFFT(Js6) ) *PRED (COEFFT (J'IO)'!REDOCOEFFT (J99) ) *PRED®PRED=~ SUHROUTINE MSEQ

3ALOG (PRED) /2.302585 ¢
C THIS VARIATION SUGGESTED RY GRAYSON AND STREED. ¢ ssonan  COMMON DECK esense
IF(TREND.GTL1EQ) TRED=1E0 ¢
T200T CRNUTTT=ERNUFAUME G I T ¥ (=3, 5224 % TREUT TRENF B, 6588 T# TREU=4. 23893 COMMONZSYSCZUINI T CTRYTZS LTI T35 00P»LU0PS T
1 =1.2206/TRED=,025% (PRED=,6)) COMMON/SYSD/KEFLAG(S0) +KSFLLAG(100) +KTRACE » DERROR«NPFREQ e IPUNCH
GO TO LOCs(6447001) COMMON/EQPA/EQPAR (25+50) +NEMAX yMAXEQP
¢ COMMON/CONTL/NINeNOUT ¢ NOCOMP o NE o NEN
c INTERNAL FUNCTION saene ZPH ssase COMMON/STRMIN/SINUM(8) »STFLAG(8) s SIVPFR(HY) «STTEMP (8) »
C RETURN MBASE 1SIPRES (R) 9 STENTH(B) «STVISC(B) o SITHK(B) oSILZIR) +STIVZ(H) e
T3U0U SAPH=UET ZSTMOLE (B s SICOMP{2UWR) oS IRV {20+ 8]
SBET=0£0 . COMMON/STMOUT/SONUM(R) ¢ SOFLAG (8) « SOVPFR{B) + SOTEMP (B) o
SGAM=0E0Q 1SOPRES(B) s SOENTH(B) ¢+ SOVISC(H) « SOTHK (8) +SOLZ(R) +SOVZ(H) »
SOTA=0£0 2SOMOLF (8) 9 SOCOMP (20 ¢8) »SOXV (20+8)
DO 13001 1=1+NOCOMP COMMON/HXMS/NHX (10) v SAVENF (5) 4 SIZE(S)
IF(X(1)alToleE=10) GO TO 13001 Cc
SAPASSAPHFXTTI YYAPHTIY (o] BREUTD
BET=SBET+X(I)#BET(I) . ¢
SGAM=SGAMeX (1) #GAM(T) INTEGER HRsCOUNTSFIRST+STFPeSTGLST (8) s SAVENESIZE
SDTA=SDTA+X (1) #DTA(]) RF AL SAVEIN(27+80) ¢ SAVFOT(2792) ¢ INT(27424)
13001 CONTINUE LOGICAL FLAG<FLAGA+SWeSAVFSW(5)
TOK=TRE/1.8 REAL SIDUM(B+6) +SODUM(8+6)
- T HRBASEETUISDTAZG (*FTORSSGANZ I Y * TOKSSBETZ7Z I YTORKSSAPH)®TRE ~ ~ ~ 7=~ payIVALENCE {SIDUMSINUMY 4 {SODUMSONUM)
GO TO LOCs (14006) CALL ZEROX(STGLSTs8)
c CALL ZERO(INTs 648)
[+ INTERNAL FUNCTION ssses GETH sases N=EQPAR(Z2sNE) + 0,1
c RETURN GETH IF(NJ.LF.25) GO Tn S
14000 ASSIGN 14001 TO | 0C WRITE( 6+3) NE
GO TO 3000 3 FORRATIT T THO "= = MULT TS TAGE EQUITTRRTUM CACCULATINKN ALLOWS ONLY 25 -
14001 IF(VPFRAC «NE. 1) GO TO 14003 - JSTAGES+ CALCULATIONS WILL BE BY=PASSED FOR FQUIPMFNT NOes13)
ASSIGN 14002 T0 10C RE TURN
G0 TO 5001 5 N=N-1
14002 HDEL=DELHVL (HeZFCTOR) # TMOLE . BR=0
GO TO 1400S NOCOP 7=NOCOMP «7
T IR0 TP IVPFRAT JNE. 07 GO TO 14007 U0 9 T=1+5
ASSIGN 14004 TO 1 0OC IF (SAVENE (1) .EQe0) GO TO 10
G0 TO 6000° IF (SAVENE (1) .NE.NE) GO TO 9
14004 HDEL=DELHVL {LHCsZL{ 1Q )* TMOLE SW=SAVFSW(T)
164005 ASSIGN 14006 TO t 0C . DO 7 J=1N
GO TO 13000 DO 7 K=14NOCOP?
TZ006 GF TH=RAASE= HDEL - 7 INT (K, JY=SAVE INTK S J+BRY T -
G0 TO 14009 EQPAR(24NE) =2,
14007 WRITE(6+14008) NE : G0 TO 14
16008 FORMAT(99HO##8 ENTHALPY CANNOT BE CALCULATEDs VAPOR FRACTION IS IM 9 BB=BH+SIZE(])
I1PROPERLY SPECIFIFND. A VALUE OF ZERO ASSUMEDs/4H NF=e14) 10 Sw=,TRUE,
GETH= 0. . EAPAR(2+NE) =0,
4009 G0 10 1335527 +L0% TF U N+RR CEROT GO 10 14 e
END WRITE( 6412) NF
12 FORMAT (69HO®®® CAPACITY OF SAVEIN MATHxx FXCFEOFN IN ®eMgFQ®e, E0U
1IPMENT NO. I1Ss14)
RF TURN
14 PMIN=].Eb
DO 16 T=1oNINT 77T T
TF(SIPRES (1) LT .PMINL,ANDSIMOLE(1)4GTo00) PMINYSIPRESIT)
16 STGLST(I)=EQPAR(1+2eNF). o 0.1
FLAGA= LFALSE.
o . . 00 19 121NN
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IRR=]+RB
Do 17 U=1.6

17 SAVEIN(JSIBRIZSINUM{] 4 )
SAVEIN(7,1BB)Y=SIMOLF (1)
D0 18 J=1+NOCOMP

34

3%
36

T8 SAVEINUI+7,TBEY=STCOMP I TS
19 CONTINUF
SUM=0,
N0 20 I=1eNIN
20 SUM=SUM+SIMOLE ()
SINUM(1)=0,

TFA(SITEMP (1) ol Tal e e ANNGSAVEOT (4 11),LTsle) GO TO 35
IF(SAVFOT(4411).AT.1a) STTEMP(1)=SAVEQOT (4s11)

GO 10 36 .

SUTEMP(1)=560.

CONTINUE

TTTCALL ADRF

SAVEOT (34]1)=SOVPFRI(1)
SAVENT(3+42)=SOVPFR(2)
Ft AG=.TRUE.

c
coe FORCE OVFRALL MATFRTAL RALANCE ON COLUMN TERM, STAGF

STFUAGTIT=0Y T
STENTH(1)=0. TF (COUNT=COUNT/282.NE,0) 6O TO 39
SITEMP(1)=0, TEMPO=SOMOLE (111 +SAVERT(TUd)
SIPRES (1)=0, IF (TEMPOLLE.O) GO TO 40 .
STMOLF (1)=0, TEMPO=(SUM=TFMPQO) /SUMBSOMOLE (TT) /TEMPD » 1,
CALL. ZFRO(SICOMP420) IF(TEMPO,GT W 2.) TEMPO=2,

TTDOT2Z IS 2 IF(TEMPDL.LT.1.) TFMPO=T,
IF(SOTEMP(I) ot Tele) SOTEMP(1)=560, KK=11
DO 21 U=1.46 37 DO 38 J=14NOCOMP ,

21 SAVEOT(Je1)=50DUM(T o) 38 SOCOMP (JeKK) =SOCOMP (JoKK) 8 TEMPO
SAVEOT(741)=SOMOt F (1) SOMOLE (KK) =SOMOLF (KK} ¢ TEMPO
DO 22 Jx1sNOCOMP SOFNTH(KK) =SOENTH (KK) #TEMPO

22 SAVEDT(Je7+1)=S0COMP(JeT) IF (KK.FQ.JJY GO TO 39
LASTC=6 KK=JJ
IF(LOOPLF .1,0R.LO0P.GE.LOOPS) LASTC=20 GO Ty 37
DO 560 COUNT=LsLASTC 39 GO T0 4l
IF( Sw ) GO To 24 a0 TEMPO=1,
FIRST=1 [+

T TTTTTTSTEP=T T T DU EET ISR INOCOPTY T T o T

I1=1 IF (J=7) 424434064
JJ=2 42 TFEMP=S0DUM(TIWD)
G0 TO 25 60 TO 45

24 FIRST=N 43 TFMP=SOMOLF (TT)
STFP==) 60 Y0 4S

— B © £ V-l GG TEMPEROCOMPTY=TOYTT T

Ju=1 45 IF (ARS(TEMP- qufor(J.rV)).GT.ntHRnR~TEMP ANDTEMP,GT,.0.0001)

25 DO 27 T=leNIN
JESTGLST (D)
IF{J.EQ.0) GO YO 27
IF(JaEQl o ANDeSWLOReJoEQeN+]1 JAND, ¢ NOT . SW)

Go To 2?7

46

1 FLAG=.FALSE.
SAVEOT (JaI1)=TEMP

IF (EUPAR(IOONE) oNEoOos) WRITE(604T) 119 (SAVEOT(JeTT) ¢ J=1+NOCOPT)
47 FORMAT (HOHO®#® TWIS OUTPUT CUMES FROM MULTISTAGE FQ. ROUTINE WHEN

TFIsSwWyY J=J=1
DO 26 K=2.NOCOPT
26 INT(KeJI=INT(KoJ) e SAVEIN(K.]+B8)
27 CONTINUE
28 I=FIRST
29 DO 30 =246

48

60 TO 49
CALL ADBF
SAVEOT (341) =SOVPFR(1)
SAVEQT (342)=S0OVPFRI(2)

49 CONTINUE

T30 STDUMTTITE INTUTGTY

SIMOLE (1) = INT(7.0)
DN 31 J=1sNOCOMP

31 STCOMP(UJs1)=INT(Je7e1)
IF( Sw ) GO Tn 37
K=Tel
GO TO 33

32 K=1=1

33 STPRES(1)=PMIN

IF(IsFQ.1eANDLaNDT SW.OR.TLEQ.NAND,SW) GO TO 34

GO T 48

TP TToRF, T AND s SWL OR T NE NG AR TN T SWY GO T S50

60 70 S3

50 D0 S1 J=2+6

S1

INTCJeK)I =INT CIeK) +SONUM I )
IMNT {4 4K)=SOTEMP (L))
INT(7-K)'INY(7.K)‘§OMOLE(lJ)

e s e T ST 2 ] NOGOMP

52 IMT(JsToeK)=INT(JeTaK)+SOCOMP L JeJJ)
S3 CONTINUE

NN G4 J=2.6

S4 INT(Je 1) =50DUM(JJ e )

TEGPARTIOYNF Y TS NOT ZEROWTOH SAVEAT I s s TIWSH) ARF+/(10X+7610.3))
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INT(Te1)=SOMOLE (1)
DO S5 J=14NOCOMP

55 INT(Je7+1)=S0COMP({Jeu )
I=1eSTFp
IFLT.LT1 JOR. 1.GTuNY GN TO S6
GO TDTP9

56 IF(FLAG.AND.FLAGA) GO 10O &8

560

FLAGA=,FALSF.,

IF (FLAG) FLAGA=,TRUE,
EQPAR(2eNE) =3,
SW=,NOT .S

SURRQUTINE PymMP

[ snasos  COMMON NECK wessss
C
T CONMMONZSYSODZREFLAGISU  eKSFLAG Y00 «KTRACE vOERROR W NPFREQ « TPUNCH "~

COMMON/ENPA/EQPAR (25+50) «NFMAX s MAXE.QP
COMMON/CONTL/NINGNOUT « NICOMP s NE o NFN
COMMON/STRMIN/STINUM (A s STFLAG{8) «SIVPFR(H4) «SITEMA (B)
ISTPRES(H) o SITENTH(B) «STVISC(B) «SITHRK(H) o SILZ(R) «SIVZIB) o
PSIMOLE (R) «SICNMP (2048) +SIKV(2048)

57

SWENGT,SW
TF (COUNT.GEL20) WRITE(6457) NFSLASTC
FORMAT (SBHO®®® MIN TI=GTAGF FOQUILIBRRIUM CALCULATION FOR EQUIPMFNT N

COMMON/STMOUT 7S ONOR TR - SOFCAG TR Y s SOVPFR IR < SOTEMP TRY v T
JSOPRFS(R) s SOENTHIA) o+ SAVISE(B) «SOTHK (R) +SOLZ(R) «SOVZ(H) e
2SOMOLFE (8) +SOCOMP (2048 s SOKV (2048)

10.+13¢23H DID NOT CONVERGF AFTER«T3412HTH ITFRATIONG/28H CURRFNT v c .
1AL UES wiLL BF USFD) c anneas
S8 DO 61 I=1.2 [
LA £ 1 DIBFRSTON DUM{YY ~ ~  — T e e
59 SODUM(T+J)=SAVEQNT(Js1) DO 1 I=14NOCOMP
SOMOLF (1) =SAVFOT(T.1) 1 OCOMP(141Y=SICOMP(Tel)
DO 60 J=14NOCOMP SOMOLE (1) =SIMOIFI(L
60 SOCOMP(Je])=SSAVENT (Je7e1) SOTEMP (1) =SITEMP(])
61 CONTINUE SOVPFR(1)=SIVPFR(1}
- DD 64 T=1WNIN B oo T T TTIFISIVPFRIT)I=0.999) 124343 N
DO 62 J=146 3 N=EQPAR(2+NF)
62 STOUM(Te))=SAVEIN(Js1+HB) PR=(EQPAR{4NE) /SIPRES (1) 1% () . /N)
STMOLE (1) =SAVEIN(T.1+88} TEMP=PR®®(,2]126-1,0
N0 63 J=1.NOCOMP CALL 7ZDENS (1 «DFNSToDUM)
63 SICOMP(J 1) =SAVEIN(J+T7.1488) W=DENST#149B6#STTFMP (1) #4 ,T4bl1S*TEMPSSIMOLE (1)
% CONTINUE - L
HB=0 IF (W LELEPPARI3WNFY) GO TN S
DO 67 1=1+6 - PR=(TEMPHEQPAR(34NE) /Wel ) 224, 74615
IF(I1.GTe5.0R.SAVENE (]} 4EQ,0) GO TO 68 SOPRES (1)=SIPRES(]1)2PR#eN
IF (SAVENE (1) .NELME)Y GO TO 67 W=EQPAR (3sNE)
65 SAVESW(I)=,NOT.SW GO TO 6
T TBE JETINT S SOPRES{TIVERQPARTA GNF) 77 T e e e e
D0 66 K=1.NOCOP?

)
i

T

f 6 CALL FNTH(=1+SOENTH{1)+DUM)
' EQPAR(RWNE )= (W= (SOENTH (1) =STENTH(1))) /124,95
i
i
i

B IFIEQPARTSNF) EN. U4  AND.FOPARTAWNET EQLTLY 6O T 97 7~
EQPAR(9«NE) =W/ (FOPAR (S eNE) ~EQPAR(6¢NE}) /285

66 SAVEIN(K«J+B8B)=INT(Ke )
GO 1O 69 T IF(EQPAR(SeNE} GF.0.) GO TO 8
67 HB=RBB+SIZE(D) EQPAR(74NF ) =W®,35036383F=2
68 IF(]1.6GT,5) GO YO 69 60 10 10
[FIRAN.GT.BUY "GN 1O RY
T SAVENF (1) =NE '
SIZE{(I)=N ! GO TO 19
60 TO 65 L 9 FOPAR(10.NE)=W®2,928F =4/ 4RS
69 EOPAR(2WNE) =N+ ! 10 CONTINUE
RF TURN i RF TURN
TND

T2 TFMP=1EOPAR TG WNFY =STPRES{TY V7S TPRFS{TY TTTT T T
CALL ZDENS (1sDENSTeDUM)
WSDFNSTRTEMPS] ,9R68STITEMP (1) 8SIMOLE (L)
IF(W.GT.EQPAR{34NFY) GO TO 16 :
SOPRES (1) =EQPAR (4 sNF)
G0 T0 15

T4 SOPRES (11 =TEMP/WeFQPAR{I«NEI#STIPRES (1) «STIPRFS(D
W=FQPAR (3 sNF)

15 CALL ENTH(=1+SOENTH(1)eDUM)
GO 10 7
FND
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NRET=1

SUBROUTINE RCYCLF CALL FOCALL

C B GO TO 101

[« ENTRY RCYOV RENUIREN FOR RETURN FROM LOWER LEVFL 6400 OVERLAY ENTRY RCYOV

C 101 IF(KTRACE.EQ.3) WRITE(6+NATOUT)

C CALLU TFST

c aoasas  COMMON DFCK eesoos CALL REQUIP

[ . C IF LIMIT 1S ZEROs CONVERGENCF OBTAINED FOR EQUIP, KF1I(
T COMMON/SYSA/KPM{10+50) o»KSFM{34100) «N3MAX C NUMRFR OF ITEMS EXCFEDYN& DERROR IS VALUE oF LXM;Y v
COMMON/SYSR/KEY (G0) sNFIMAXSKE2(50) ¢ NE2ZMAX+KEI(50) o NEIMAX IF(LIMIT) 86486468
IKF4 (10) sNEGMAXsKPET KRET24KRET3 68 LIMIT2=LIMIT2+]
COMNMTONZSYSC/Z/L TMI T T TRATTZ <L ITNT T3+ CO0P»LDUPS B 1=T7T3%1
COMMON/SYSD/KFFLAG(SO)'KSFLAG(lOO)OKTRACE'DEQROR-NPFREQvTPUNCH IF(ILF.NEIMAX) 6O TO 102
COMMON/CONTL/NINNOUT +NOCOMP o NE » NEN 87 IF(LIMIT2.GT.0) GO 7O 113

COMMON/EQPA/EQPAR (25+50) «NEMAX s MAXEQP
COMMON/STMA/SEXTSV(234100) «SINTSV(104100) «NSMAXeMAXSEXsMAXSIN
COMMON/STMOUT/SONUM(8) « SOFLAG (8) »SOVPFR(B8) +SOTEMP (8) ¢

CONVFRGENCE ORTAINED If | IMIT2 IS ZERO

000

TSOPRES (BY s SOENTHIRT « SOVISTIB)Y s SOTHR BT s SOLZ (AT ¥SHVITET ¢ G TO I3

2SOMOLE (8) s SOCOMP {2048) «SOKV (2048) C
COMMON/OVR/NRET C CHECK NUMARER OF 100PS THRU kF1
c C
c senens 113 IF(LOOPS=-LONP.LEL.0)Y Gn Tn 116
¢ . IF(NPFREQ.EQs 0 Y GO 1O 115
Sy ITEGER LKEZLKE 3 - : IF (L OOP/NPFREQ®NPFREQ ,EQ,1 00P) CALL PTPRNT
NAMELIﬁT/DATOUT/fONUM.SUVPFR-SO1EMP.SOPREQ'SOENTHoSOMOLEoSOCOMP 115 LOOP=L0NPe]
DATA LKE24LKEI/UHKE? . ¢4HKF3,/ T C GO THRU KF1 LIST AGAIN
IF (NE2MAX LEQ, 0) GO TO 4 c
DO 2 1=1NE2MAX GO 10 35
2 KF1(T)=KE2(]) C  MAXIMUM NUMBER OF LOOPS TRIED WITHOUT crmvsucmr,.
NFTMAX=ENEZMAX . C o s i i s s+ e
NE2MAX=0 116 WRITE( 64117
WRITE( 643) LKE? 117 FORMAT(7THO#s#4 FQUIPMENT CALCULATION LOOP DIN NOT CONVERGEs COMPUT
3 FORMAT (6BH1#s# RFGIN TRIAL AND ERROR RECYCLE CALCULATIONS WITH EQu TATIONS WILL CONTTNUFE.)
1IPMENT LIST <A4) [
G0 TO 10 13 DO 14 oNE IMAX
EYFINEZIMAX JEG, UY GO YO R . . KERET{TY ™™ - -
D0 S I=1eNEIMAX KEFLAGI(K) =)
S KF1(1)=KE3(D) DO 12 J=2sN3IMAX
NF IMAX=NE3MAX L=KPM(JeK?
NF 3MAX=0 IF(L) 11sl4e12
WRITE( 64+3) LKE3 11 L=-t
Go 10 10 TFIRSFLAGTLT LEQ.NY KSFLUAGILT =T
8 WRITE( 6+9) 12 CONTINUE
9 FORMAT (66H0##% RECYCLF COMPUTATION REQUIRED BUT E0UIP. LIST WAS NO 14 CONTINUE
1T SUPPLIED) . WRITE( 6+16)
KRET2=2 16 FORMAT (32HO®ee EnD OF RECYCLE CALCULATIONS)
RF TURN KRET2=1
10 LOOP=1 RFTURN
END

35 LIMIT2=0
WRITE (6436)L00P
#1% 15 COUNTING INDEX FOR KE1
36 FORMAT(11HO..o BEGIN +4HLOOP»T494H oss)

1=1
102 CONTINUE
37 NE=KE1( 1)
CALL EOQUIP

66



TovAIa ALISHIAIND HIISYIN2H

SURROUTINE REAC

SUBROUTINE SCAN
C
c #ooane  COMMON DFCK woosae souoss  COMMON DFCK #%edss
C
COMMON/SYSD7KEFLAGIS0Y RQFEI5TTUVT~KTWTCE_UEWWUR'NPFWEU_TPUNC"___“_—'———_____CﬁﬂMDN]SYSA/KPNTTO{50yQKQFMTB TOOVeNIMAX T ToTmm
COMMON/EQPA/ZEQPAR(25+50) «NFMAX s MAXEQP CﬂMMON/SVSD/KtFLAG(SO)-KSFLAG(IOO)'KTRACt'DER90R~NPFPEQOIPUNCH
COMMON/CONTL/NINSNOUT « NOCOMP ¢ NE + NEN COMMON/EQPA/FQOPAR(25+50) «NEMAK s MAXEQGP
COMMON/STRMIN/SINUM(A) +STFLAG(B) oSIVPFR(8) +STTEMP(8) « COMMON/STMA/SFXTQV(?3.100)vSlNTSV(lOclOO)oNSMAl'MAlSEXvMAXSXN
1SIPRES(B) oSIENTH(R) o SIVISC(B) »SITHK(A) +SILZ(8) ¢SIVZ(A)» C
2STMOLE (8) «SICOMP (2048) 9+ STKV(204+8) C senone
COMRON/STROUTZ7SONURTE « SGFLAGTHTY « SOVPFRTB) »SOTEMP THT T
1SOPRES (B) «SOENTH(R) s SOVISC{B) +SOTHK{B) e SOLZ (R +SNVZ(B) ¢ DO 8 T =1sNSMAX
2SOMOLE (8) »SOCOMP (2048) +SOKV (2048) IF(SEXTSV(lel ) 5953
c 3 IF(SINTSV(2eI D=le) 7647
c canous
C

DIMENSTON DUMTT)

an

FLAG UNUSED STREAM NUMRERS AS =]

KY=EQPAR(3eNE)+0.1
FK=EQPAR(2+NE) #STCOMP (KY o 1)
DO 1 T=1+NOCOMP
IF ((EQPAR(1+3+NE) *FKeSICOMP{Ie1))) 2410l
2 FK=SICOMP(1+1)/(=EQPAR(T+3+NE) }
TTYTCONTINUE T T
SUM=0,.0
DO 3 I1=1,NOCOMP
SOCOMP (1+112STCOMP (1+]) *EQPAR (1#34NE) *FK
SUM=SUM+SOCOMP (T e 1)
SOMOLF ¢ 1)=SUM
SOTEMPTITSSTTENPTTY

w

SRSFLCAGUT  T==1 - R —_
G0 T R~

FLAG FEED STREAMS ENUAL TO 1
6 KSFLAG(I =1
60 T0 H

FLAG PRODUCT AND INTERMENIATF STREAMS EQUAL TO 0
7 KSFLAG(I 1= 0
8 CONTINUE

DO 9 1 =1+NEMAX

SOPRES (1) =SIPRES (1)
SOVPFR({1)=SIVPFR(1)

CALL ENTH(=1+SOENTH(1)+DUM)
RETURN

END

FLAG UNUSED EQUIPMENT NUMBERS AS &7 UTHERS AS 0
KFFLAG(1)=0
IF(KPM(1sI) +6GTs 0 ) GO TO 9
KEFLAG(T ) = =1l
9 CONTINUE
RETURN
eNU

001



SUBROUTINE SUBSEY

29 I16=KPM(T +12)

c 40 TF(KSFLAG(I6).LE.O) GO TH 24
[« ENTRY SETOV REQUIREN FOR RETURN FROM LOWER LEVEL 6400 OVERLAY 42 CONTINUE : )
¢ C  OUTPUT STREAM REACHFD WITH INPUTS KNOWN,
C C CAT T 00T SUBROUTINFE OF EQUTYPMENT ¥RNE¥, TAUC, NUTPUT STREANS
C #ooBNG COMMON DECK X222 X ) 44 CALL FQUIP
c NRE T=2 *
COMMON/SYSAA/TITLE(20) s COMPNT (20) ¢ KOMNAM (R0) CALL FaCALL
COMMON/SYSA/ZKPM(10+50) sKSEM(3+100) «NIMAX 60 T0 101
COMMON/SYSB/KEL (50) «NEIMAXsKE2(50) «NE2MAX «KEI(50) ¢« NEIMAK s ENTRY SETOV
TRKEGTT0) +NEGMAX sKRE TyRRE T2+ KRETI TOT  TF IRTRATE.EQ,. 3T WRITE(GDATUUTT
COMMON/SYSC/ZLIMITSLIMIT2,1 IMIT3+LOOP+LOOPS CALL RFQUIP
COMMON/SYSO/KEFLAG(50) +KSFLAG(100) ¢ KTRACE «DERROR,NPFREQ IPUNCH 46 KFS=1
COMMON/EQPAZEQPAR (25+50) +NEMAX sMAXEQP 47 KEFLAG(NE) =1
COMMON/EQPB/NECALL (50) «NEXEQN(50) ¢+ NAME (50) € SET OUTPUT STREAM FI AGS FROM 0 TO 1
COMMON/STMAZSEXTSV (23451001 +SINTSV(109100) sNSMAXIMAXSEXsMAXSIN c
COMMONZSTMOUT/SONOMTBY s SOFTAGTBY « SOVPFRIB) «SOTEMP (BT » KB D ST TT=Z+NINAX
1SOPRES(B) ¢ SOENTHI{R) +SOVISC(B) +SOTHK(B) ¢SOLZ(R) +SOVZ(8) s I18=KPM (1712}
2SOMOLE (8) s SOCOMP (20+8) +SOKV (20+8) IF(I8,GE.0) GO To S0
COMMON/CONTL/NIN«NOUT « NOCOMP s NE s NEN I1R==~18
COMMON/ZOVR/NRET KSFLAG(18) =1
c 50 CONTINUE
B e T2 T2 T T s 26 1221241
c IF(I12,LE,NEMAX) GO TO 22
INTEGER TITLE+COMPNT C THIS COMPLETES A SCAN OF PROCESS MATRIX COLUMN RY COL UMN
DATA CHESSsREC/SHCHESSs1H 7 c
c [ IF KES IS 1 RESCAN PROCESS MATRIX
NAMELLIST/FLLIST/ KEFLAGeKSFLAG [ )
—— " WAME[TST < v VS g vSOF v v ¢ 1T RES 1S 0y SEE 1P ATUENUIPY HAS BFEN CALC, —1F NOT GO TO RCYCLE
IF (IPUNCH.GE.1) GO TO 61 S IF(KESGT.0) GO TO 21
KRET2=0 C .
SAVE2 =NE2MAX c ARE ALL EQUIP, KNMOWN< IF NOT GO TO RCYCLE
SAVE3 =NE3MAX DO SR 19=1+NEMAX
c IF IKEFLAG(I9) «NE.O) GO TO 58
T FEED STREAM FUAGS ARE (+T¥. FINUSFD EUUIP, AN STREAF ARE (=1Ts TFUTPUNCR. LT U AND, " KRETZ.EU.OF WRITETTWFLLTSTY
C UNKNOWN STREAMS ARE (0) AS ARE EQUIP, NOT COMPUTED. C START TRIAL ¢ FRROR CALCULATION OF RECYCLE STREAMS,.
C KES IS #el® IF ANY EQUIPMENT IS CALCULATED IN KPM SCAN IN SUBSET. c
CALL SCAN . 61 CALL RCYCLE
21 KFS=0 c _
LOOP=0 o C IF KRET2 1S 2+ EQUIP, LIST FOR RECYCLE CALCe NOT AVAIL. IN %RCYCLE®
—C START PROCESS WATRIX SCAN CO{URN HY COLUMN TFRRFTZINES2Y G VYO 2T
pe 60 TO 67
12=1 c 58 CONTINUE :
22 ﬁg:;;:?f,xz, C *SUBSET# LOOP COMPLFTE,
L _IF(NE) 24424526 ld NE?"::f::zfi
¢ 2° TFTREFLAGINED . NE, 0T 60 70 <4 CALL OVERLAY (CHESS 40 sREC)
¢ START SCAN OF COLUMN OF UNCALC®*D EQUIP, LOOK AT SIGN OF STREAM END
c
27 DO 42 132+N3MAX _
¢ .
€ CHECK SIGN OF STREAM IN PROCESS MATRIX
C
28 IF(KPM(T +12)) 66442929
g IF STREAM 1S INPUT SEE IF IT IS KNOWNe IF NOT GO TO NEXT EQUIPMENT.

ol



FLAG=,FALSF.

SURROQUTINE TEST FFLAGZ ,FALSE .
c : Coos TEST PERMISSIGLE STRFAM NUMHBERS see O ¢ NEGMAX oLF, 10
c sessee  COMMON DFCK sesese TF (NFGMAXoLE o0 oNRy NFGMAX.GT. 10} GO TO 42
DO 40 TK=] eNEGMAX
_CWWWWWWWWHAM - TFUTKCGTLTOY GO YO &2,
IKF@(10) oNEGMAXSKRET oKRET24KRETI IF(JFQ.KES(TIK)) GO TO )
COMMON/SYSC/ZLIMITLINIT2¢t IMITILOOP+LOOPS 40 CONTINUF °
COMMON/SYSD/KEFLAG(S0) +XKSFLAG(100) +XTRACE +DERROR«NPFREQ e TPUNCH ! GO TO 42
COMMONZCONTL/NIN«NOUT « NOCOMP o NE ¢ NEN ; 4) FLAG=,.TRUE,
COMMON/STMA/SEXTSV(234100) ¢SINTSV(10+100) sNSMAXeMAXSEXsMAXSIN H 42 DN 5SS K=1e+NOCOMP
CORMONZS TROUT7SONORTRY s SOFCAGTEY s SOVPFRTE) « SOTENP (87 ¢ SOCOM=SUCOMP TR TY
1SOPRES (8) +SOENTH(8) +SOVISC{8) «SOTHK(8) +SOLZ (W) ySOVZ{(8) s COMPK=SEXTSVIKe3e)
2SOMOLE (H) ¢ SQCOMP (20+8) «SOKV(20+8) N IF LAHS (COMPK) oL T, 14E=20) GO YO 27
COMMON/MTST/SAVEX (10+20) o SAVEF (10+20) +SAVEQ (10420 § IF (AHS ( (COMPK=SOCOM ) /COMPK) L. TLDERROR) GO TO 43
C GO TO o7
c LT T Y . 21 1F (ABS (SOCOM ) «GTDERROK) GO TO 47
T GITTF L HNTFLAGY GOTO 55
DIMENSTION DUM{]) . Ceos NOW TEST LOOP COUNTER AND ARANCH FOR le 2 o LGE&J
DIMENSTON SOINUMIAS10) TFLOOP=2) 44445446
EOUTVALENCE (SONIM(L) «SOINUMIL1)) 44 SAVEX(TKex}=SOCOM
LOGICAL FLAGSFFLAG GO T0 55
[ 45 SAVEF (TKeK}=S0COM
Tt T o h : . 6O YO §S T7° ) ) T - o
LIMIT=0 46 SAVEX(TIKK)=COMPK
LINIT3=0 SAVEF { TKeK) =SOCOM
I=} G0 Tn S5
20 J=SOIDUM(Isl) ¢ 0,01 47 LIMITa= [MIT4+]
[ ! IF(LOOP.LT,3) GO TO 43
T CTT TS OUTPUT STREAN NUMBER OF EUUTP. (KLY TFITNOT.FUAGY GO TO 5%
C USE *DERROR® TO CHECK OUTPUT STRFAM VALUES AGAINST #SEXTSV 4@ SINTSVS, Cooe CALCULATE WEGSTEIN®*S COEFFICIENTS « PHI ¢ Q ..o
[ QOLD=SAVEQ (TKWX}
TMOLE=SEXTSV(3s ) PHI=(COMPK=SAVEX ([KeK)) 7 (SOCOM =SAVEF (IKeK)}
IF(ABS (TMOLE) oL T,1,E=20) GO TO 21 IF(la=PHI}) 4B+50+48
IF(AHQ((TFOLE‘SOMOLF(I))/7MOLE).GT.DERROR) LIMITI=LIMIT3e] 48 Q=1.7(1.=PH])
GO Y0 22 TIFIOT TN, 00TGU TS 2
21 IF(ABS(SOMOLE (1)) .GT<NERROR) LIMIT3aLIMITIe] ) IF (KTRACE«GTo0) WRITE(He49) JelvQ
G0 10 22 49 FORMAT (¢OWEGSTEIN/TFST2 STREAMR s [499=84]345Xe003e.F10,3)
24 CONTINUE 0=1.£=-10
DO 26 K=34MAXSIN GO TO 53
SINK=SINTSVIKeJ) 50 IF(KTRACE.GT.0) WRITE(6s51) JelePHl
T IFABSTSINK L LT TLE=2hY &0 Y0 25 ST FORMATIFOWEGSTEIN/TESTT STREAMWSIGIW="3T3sSKewPRTEvSEISTSY
IF (ABS ( (SINK=SOINUM(1¢K} ) /SINK) o GToDERROR) LTMITI=LIMITIe] GO To 46
G0 T0 26 52 [F(Q.GT«=10.0) GO TO S3
25 IF (ARS(SOTDUM (LK) ) eGT<DERROR) LIMITI=LIMITIe] ) IF(KTRACE.GT.0) WRITE(6+49) JoleQ
26 CONTINUE ' 0=-10.0
IF(LIMIT3.LELO) GO TO 28 ' 53 X2=Q*COMPK* (1 .~Q) *SOCOM
LT YR IR TRACE LEQ 3 WRITE (6« INTLO0OP + JeNESLTHTTY ; 7rmmncr.GrUermﬁm—JT‘cmmrsucm?—u—nvrxnrn———
LIMIT3=0 . . SAVEF (IKK)
KINIT=L IMITe} i 36 FOPMAT(’oSTRFAH'o160'-’0l1vSXoOKIOOEI3.5'5K0'7I’OFlJ.SvSKo’XNEUIC'
28 IF( 1 <GE. NOUT ) RETURN : 1 FI3.505Xe%0x%3F 10,37 16X e*SAVEXS®+£13,.5¢% SAVEFa®eE£1I3.5)
I=lel | IF(X2.LE.Q04) X2=S0CON/2,

G0 T0 20 FFLAG=,TRUE .
Y FORNAT (¥0 TN TO0P# v 1%« OUTPUT STREAN® T4+ OF EQUTP, "'_IVTWAS"“‘_L‘———IWU‘OOUTTT.V..OWTDGP‘ Ee3) GO TO 5%
116«* UNCONV, STRFAM VALUES®) IF L (X2=COMPK) ® {SAVEF (T1KsK) =COMPK=] ¢E=10) ol To04) GO TO Sé
¢ SOCOMP (Ko 1) =2COMPK
GO 10 37

[
C WEGSTEIN®S ITERATIVE METHOD evesccccsccccsscncscoscscccssscsssscsoee
54 SOCOMP (Ke1)=X2

22 LIM]Te=0

201



37 SAVEX{IKX)=COMPK
SAVEF (IK+K) XSOCOM
SAVEG(IK+K) =Q

S5 CONTINUE

56 LIMITIzLIMITISLIMITSG

SURROUTINE TPRINT

seenss COMMON DFCK wescse

OO0

TFFUAGJAND.FFLAGY GO TO S7
GN TN 24
S7 TMOLE=D,
DO S8 x=]«NOCOMP
58 TMOLE=TMOLE+SOCOMP (Ko T)
IF (KTRACE.GT.0) WRITE(6459) J'SONOLE(l)oTNOLE

59 FORWMAT (*TS oT& se ¥, Se
SOMQOLFE (1) =TMOLE
CALL ENTH(=1+SOENTH(])sDUM)
G0 T0 26
END

SUBROUTINE TRANSY (TeLTHeKFLOGeNL+IVeIA)

c ZAME FUNCTION AS ®TRANSF* FOR INTEGER + LITERAL ARRAYS
DIMENSTION KFLOG(NL) o IVINI)9IA(S)

DO 7 R=T+[TH
K)l=K=]e]
K23KF1.06 (K)

T TA(KL)=IV(K2)
RETURN
END

COMMON/SYSA/KPHTTU «57) o KSEFHTI+ TU0 T «NIMAX

COMMON/SYSAA/TITI E(20) ¢« COMPNT (20) ¢ KOMNAM{RO)

COMMON/SYSR/XKEL (S0) «NFIMAXeKE2(50) +NEZMAXIKEI(50) o« NEIMAX,

IKFL{10) oNEGMAX oKRF TeKRET2KRETI

COMMON/SYSC/LIMITeLIMIT2+t IMITIoLOOPLOOPS

: COMMON/SYSD/KEFLAG (50) +KSFLAG(100) +XTRACE +ODERROR«NPFREGs IPUNCH

T COMMUN7ZEOPAZE QP AR {25+ SO0V s NEWAK S WRXEQ
COMMON/EQPB/NECAL L (S0) sNEXEON(S0) « NAME (50)
COMMON/STMA/SEXTSV(234100) «SINTSV(100100) +NSMAXeMAXSEXeMAXSIN
COMMON/CONTL/NIN«NOUT +NOCOMP o NE o NEN

c
c (XYY Y
C

INTEGER COMPNTePFLAG(100) «TITLE

DIMENSTON IPNT(5) 4 JPNT(S) +RPNT (5}

INTEGFR LABEL (32}

DATA LAREL/GHVAPNsOHR FRoLHACTIs4HON +4HTEMPo4HFRAT ¢ 4HURE s s4H R

1 o4HPRES s UHSURE e4Me PSe4MHTA  «4HENTHeGHALPYsOMHe ATeoMU WbHVESCoetH
20GTTe4HY s PolaHFH “o4HKs RosHTU=F o oHT=HRe&H=F ~+4HZ7=FAe&HCTORebHs L
J1e6HQ. s4HZ=FALHCTORvAHe VAI4NP, /

C
Cosnn® THIS PORTION WAS TO PRODUCE RELOAD DECKseee o TEMPNRARILY DELETED<
C

RE TURN

T
Cesese HIPRNT esess
C
FNTRY RIPRNT
CeooCOMMON AREA PUNCH NELETEDesee
c

WRITET6V IO TITLF
100 FORMAT(IHl+3Xes15H FINAL RFSULTS ¢//713%X0204%¢//32X¢16H STREAM SUMMA

SUBQOUTINE TRANSF(chTMoKFLAGleOQV'NZ'NJ'A'I) 2RY )
GO YO 102
C"TNIS SUBROUTINE TRANSFERS DATA FROM TWO DIMENSIONAL ARRAY SV(NZ-N)) C
Co® TO A ONE DIMENSIONAL A(1).e.A{S) FOR PRINT=QUT, Conese PTPRANT ssses
IV« SVINZeNIYs ATD) T
DO S K=l TH ENTRY PTPRNT
KizKelel WRITE(6+101)TITLF
K2=2KFLAG(K) 101 FORMAT (1H1e3Xe15H INPUT DATA 0/7/713Ke20A84//732Xe16M STREAM SUNMA
S AIK1)=SVILK2) ' 2RY )
RETURN 102 CONTINUE
END J=0

00 12 1=1sNSMAX
TFASEXTSVileI)eENLOs) GO TO 12
Jzgel
PFLAG(J)=]
12 CONTINUE

U0 24 T=TeJed

LTH=] ¢4

IF(LTHGToJd) LTH=J

WRITEC 6+14) ( PFLAG(K) oK=ToLTH)
16 FORMATY (*0STREAM NUMBER #+S5(19+5X))

€01



NO 1S K=+l TH
KPNT=K=]4]

MPNTz PFLAG(K) SURROUTINE ZERO (AsN)
IPNT (KPNT) #KSEM (2 JMPNT ) ‘ DIMENSTON A (N)
TS JPRNTTRPNTTEKSEMTTMHPNTY - DO 3 I=leN
LTHP=L TH=]¢] 3 Atlr=o,
WRITE( 6416) (IPNT(K) ¢ JPNT (K} vK=]oLTHP) g;;“*u

16 FORMAT (S0EQUIP. CONXION *.,5(5H FR oT204H TO o1241X))
DO 18 L =3.MAXSIN
CALL TRANSF(I+LTHe PFLAGS100+SINTSVe1001004RPNT ()

KT =4%=1T"
K2 =K1 3
IB WRITEL 6+419) (LAREL(K) o+ KZK1eK2)e (RPNT(K) K=l THP)

19 FORMAT(® #,4A4sSF14,6) SURROUTINE ZEWOX
{KeN)

WRITE( 6,20)
20 FORMAT(®0® 440X+ *COMPOSITIONs LB=MOLES/HOUR® / ) . g;"f“SION KIN)
NOCOPIENOTORP S 1 K(]):A.I'N
NO 22 L=44NOCOP3 ‘ s
CALL TRANSF(I+LTHs PFLAGe100+SEXTSVe234100sRONT L) : £ND
Kl=4e 15
K2=K1+3

22 WRITEL 6419) (KOMNAMIK) +K=K14K2) 3 (RPNT (K) o+ K21 oL THP)
CALL "TRANSF(T+LTHe PFLAGVIOO+SEXTSVs23sT00sRPNT3) ~ =
WRITEL 69231 (RPNTIK)sK=] oL THP) ’

23 FORMAT (#0941 1Xe*TOTAL®SF14.4)

24 MRITEL 6426)

26 FORMAT//7/777)
RETURN

eNU

SUBROUTINE PTEQPT (NN)

ORIGINALLY ENTRY IN TPRINT .
SFPARATED FOR CDC66400 OVERLAY OPERATION

DOOOOOO0

PRODUCES EQUIPMENT SUMMARY
snanss COMMON DFCK eesess

COMMON/SYSAA/TITLE(20) +COMPNT (20) «KOMNAM (80)

00

asnene

INTEGER TITLEsCOMPNT
IF (NN.GT,.0) GO To 3
WRITE(6s 1) TITLE

] L) [) . .

G0 TO & .
3 WRITE(6+2)TITLE . .
2 FORMAT(1H1+3Xe15H FINAL RESULTS ¢/713X+20A4¢//)
& CONTINUE

CALL EOQPRNT

RETURN

END

¥0l





