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SCOPE AND CONTENTS 

Steady state heat and mass balancing around an ethylene/ethane 

disti I lation unit at Polymer Corporation, Sarnia is studied using the 

CHESS simulation executive system. 

The unit involves a single column with reboi ler heat provided 

by recompression of the overhead vapor stream. 

A new column model is developed, based on the approximate 

pseudo-binary method of HengstebBck, and is shown to give good results 

with marked savings in computation time over the conventional tray to 

t_ray methods. 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 

disti I late product enthalp¥ are varied to demonstrate signi"ficaht 

improvements in plant operation. 

An evaluation of the CHESS simulation system'is presented. 
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The CHESS Program 

The CHESS program used in this study is a proprietary 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 I 
ADD2 
ADD3 
ADD4 
ADDS 

Industrial col leagues who wish to take advantage of these 

contributions to the system need not have permission from McMaster 

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

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

I. I Background 

The problem of steady state solution of chemical process 

networks is frequently encountered in both simulation and design. 

In 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 is linear, when a direct, 

simultaneous solution may be obtained by matrix methods, but for the 

general non- I inear system some iterative method must be applied to 

achieve the final solution. 

In recent years much attention has been directed towards the 

modular approach to computation of such systems. The method in~olves 

replacement of the physical process units by a network of equipment 

subroutines or modules, each of which may represent a part or group 

of the original equipment units. Calculation proceeds sequentially 

through the network calculating each module in turn. Recycle loops 

are handled by iterative direct substitution, continuing around the 

loop unti I a convergence criterion is met. The cal ling of subroutines, 

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 properties 

handling schemes etc. Many modular executive systems have been 

described (I, 
2

), most employing the same fundamental algorithm and 
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differing mainly in their degrees of sophistication and areas of 

application. 

Past work at McMaster University (2) has involved the 

(3) (4) (5) 
PACER 1 MACSIM , and more recently, GEMCS , systems. None 

of these contain physical property calculation schemes. Partly for 

this reason applications have centred around the mass balancing 

aspects, rather than treatment of problems where superimposed heat 

transfer interacts significantly with the system mass flows. Aizawa (6) 

has dealt with simultaneous heat and·mass balancing within disti I lation 

columns in a PACER study of a styrene plant. However the study was not 

concerned with interactions of mass and heat flows external to the 

column. A study by Petryschuk (7) has also treated column internal 

heat and mass balancing. A description 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 cycle. 

In most petrochemical di~ti I lation operations the interchange 

and internal recycle of heat within the system is of major importance 

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 flows. 



1.2 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 study objectives can be summarized as follows: 

a) To evaluate CHESS and its property calculation feature, 

using the CDC6400 computer system. 

b) To create a model to describe the superimposed heat 

and mass balancing in the ethylene/ethane separation unit. 

c) To carry out parametric studies on the model to seek 

improvement in the operation of the unit. 

1.3 CHESS Simulation System 

1.3.1 System Description 

3 

CHESS ( 8) is a modu I a r, steady state s i mu I at ion system deve I oped 

by· the University of Houston. It is designed primarily for application 

to hydrocarbon systems where there is considerable emphasis on phase 

equi I ibria and enthalpy calculation, in addition to mass balancing. 

Its major feature is the comprehensive physical properties calculation 

package which is an integral part of the system, supplying K-values, 

enthalpies, densities and b"ubble and dew point temperatures for I iquid 

or vapor mixtures. Properties are calculated by a set of generalized 

thermodynamic correlations, starting from basic pure component physical 

constants, which are pre-programmed into .the system. Pres~ntly 65 



components are avai !.able. Total stream enthalpy and vapor fraction 

are calculated and carried as elements of the stream properties 

vectors. To further faci I itate physical properties hand! ing an 

adiabatic flash subroutine is included in the system to handle routine 

phase determination. 

1.3.2 Implementation on CDC6400 

CHESS (S) was originally written in FORTRAN IV for the IBM360 

system. The CDC6400 also employs a FORTRAN IV campi ler; however a 

moderately large number of syntactical changes to the programming 

were necessary to achieve satisfactory.compi lation. Additionally the 

alphameric 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 wi I I not accept alphameric 

4 

characters so that changes to input data formats were also necessitated. 

The fu I I system was found to require in excess of I 00 K (oct a I ) 
r . 

of central memory storage. Consequently CDC6400 OVERLAY techniques 

were employed to reduce the storage 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. I. 

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 present structure 

is minima I. 

A fu II I i sting of the CHESS system is given ·as Appendix IV. 
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1.4 Process Description 

The ethylene/ethane fractionation unit forms part of the 

light hydrocarbon refining network at Polymer Corporation 1 Sarnia. 

The unit f I ow d i agra_m is shown in· Fig. I. 2. 

The column contarns 60 Glitsch valve trays and operates at 

200 psi g to produce an ethy I ene 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 recompression cycle in which reboi ler heat is supplied by 

condensation of the compressed overhead vapor stream. 

The feed 1 overhead product from the de-ethaniser column 1 is 

an ethylene/ethane mixture containing a tra~e of methane and small 

quantities of propylene and propane. The major part of the feed is 

liquid 1 with a smal I additional vapor stream. The combined streams 

enter on the 20th tray of the column 1 with approximately a 10% flash-
) 

off of the I iquid stream across the control valve 1 due to pressure 

reduction from 350 psig. The overhead vapor stream is superheated 

in the overheads exchanger, Cl 13 1 by contact with the returning 

liquid reflux. It passes through a surge drum 1 F40 1 and is then 

compressed to 500 psig by single stage reciprocating compressors, 

J428 and J54. The·bulk of thecompressed vapor is condensed in 

reboi lers 1 C44 and C44A, to reboi I the bottoms I iquid, thus providing 

vapor reflux return to the column. The remainder is condensed by 

ammonia refrigeration in the trimmer conden?er, Cll4. The combined 

condensate flows to a flash drum, F103. Drum pressure is control led at 

400 psig with the vapor flash-off going to the ethylene product line. 
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The liquid stream i·s subcooled in exchanger, Cll3, a liquid product 

stream is withdrawn and the remaining flow is fed to the top tray of 

the column as I iquid reflux. This stream is sti II approximately at 

flash drum pressure so that there is a flash-off of around 10% across 

the control valve. 

Column pressure is maintained by a smal I bypass around the 

compressors. Compressor discharge pressure is held by throttling 

the exit stream from the trimmer condenser. The reboi ler flow is 

control led by throttling its exit stream and is adjusted to maintain 

a constant temperature on tray I I of the column. The liquid reflux 

flow is control led at a constant value. 



8 

#I 
@-l 

~<J-Ill~---,;---- --------: 

r----·-{>,<f- -- -> 
__.,._-L-__ I 

@ 
_[ I --

..__-1 

~ 
@---

1 

r---:t>'<}-;:>---t 

I 
J42A,J54 

~----~--------------------------~ 

FIGURE I .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. I. There is not an exact one-to-one 

correspondence between equipment modules in Fig. 2.1 and process 

units in Fig. 1.2. The equipment modules are summarized in Table 

2. I, and the configurations representing the physical process units 

are described in detai I in subsequent sections. 

Of the models employed, only the mixer, module 12, and valve, 

(8) 
module 13, are as originally supplied with the CHESS system. The 

adiabatic flash, modules I and 14, and the heat exchanger, modules 

3, 7, 8, 9, 10 and II, are modified versions of the original routines. 

The remainder of the models have been developed for the present 

simulation. Full listings of al-l model subroutines are given in 

Appendix III. 

9 
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MODULE 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

II 

TABLE 2. I 

EQUIPMENT MODULE SUMMARY 

SUBROUTINE NAME 

ADBF 

ADD I 

HXER 

ADD3 

ADD4 

ADD5 

HXER 

HXER 

HXER 

HXER 

HXER 

MIXR 

VALV 

ADBF 

ADD2 

ADD2 

FUNCTION 

Feed f I ash 

Column 

Overheads exchanger 

Compressor 

Constant heat loss 

Vapor divider & system convergence 

Reboi ler de-superheating section 

Reboi ler condensing section 

Trimmer de-superheating section 

Trimmer condensing section 

Trimmer subcool ing section 

Mixer 

Valve 

Flash drum 

Overhead product divider 

Bottom product divider 



2. I . I Co I u mn · 

The feed condition is computed by adiabatic flash, module I. 

An input enthalpy is supplied an·d the feed thermal condition is 

calculated at the column operating pressure. 

The column itsel~, module 2, is represented by an approximate, 

pseudo-binary distillation model. The method is based on a design 

(9) oriented procedure developed by Hengstebeck , and depends on a 

computed separation between two 'equivalent keys'. 

The use of a more exact tray to tray calculation technique 

( 7) 
as used by Petryschuk was impractical for the present application. 

The column model forms part of the overal I calculation loop and the 

computation time requirements for tray to tray calculations would have 

been excessive, particularly in view of the large number of theoretical 

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 calculation scheme is detailed below. 

Two key components are chosen from the feed (ethylene and 

ethane in the present case). For each the distribution ratio between 

disti I late and bottoms products is assigned an initial estimate. 

12 

Relative volatilities are calculated and a log-log relationship between 

distribution ratio and relative volatility is formulated from these 

two key values. 

( 2. I ) 

where C and c1 are constants and d and b are the net overhead and bottom 

product flows of component i, for which a. is the relative volatility., 
I 
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For alI other components relative volati I ities are calculated 

and the actual separations are estimated from equation 2. I and the 

component mass balance 

f. = d. + b. (2.2) 
I I I 

where f. is the feed rate of component i. 
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 

(2.3a) 

(2.3b) 

where subscripts LK and HK refer to the I ight and heavy keys and C refers 

to critical vatues. 

Components with ratios between these two critical values are 

treated as fo I I ows. For any light component the d. and b. portions 
I I 

are included wholly in the equivalent I ight key, and heavy components 

are treated similarly. 

Components with ratios outside the critical range are divided 

into key and non-key portions. For I ight components b. is estimated 
I 

from equations 2. I and 2.2 and is multiplied by the I ight key critical 

ratio from equation 2.3(a). The product is taken to be the d. 
I 

contribution to the I ight key. The b. contribution is zero. I . 

i.e. 
d 

= b.(-b). 
I I 

(2.4a) 
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(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 contributions. 

n n n 
xF = [ E (d.+b.]ELK/C[ ~ (d.+b.)]ELK + [ r (d.+b.)]EHK) 

i= I I I i=f I I i=l I I 
(2.5a) 

n n n 

xo = ci:, <di )JELK;cci:l <di )JELK + ci:, <di )JEHK) (2.5b) 

n n n 

xB = [i:-l (bi)]ELK/C[i:l (bi)]ELK + [i:l (bi)]EHK) (2.5c) 

where xF, x0 and x8 are the equivalent light key feed, overhead and 

bottom mole fractions. 

Constant molal flows are assumed for each column section. 

Then for given internal reflux ratio and feed thermal condition the 

theoretical tray requirements for rectifying and stripping sections 

( I 0) 
can be estimated from the McCabe Thiele procedure For computer 

calculation it is convenient to adopt an analytical modification such 

as that proposed by Stoppel ( 1 I). 

The overal I procedure is applied iteratively, changing the 

estimated real key separations unti I the calculated tray requirements 

balance the number specified for each column section. Actually the 

change in key separations is achieved by changing in turn !he slope 

and intercept of the line given by equation 2. I. The convergence 

( 12) 
technique is reguli-falsi 
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At convergence the total saturated liquid and vapor exit flow 

rates are calculated from the final d. and b. values by overal I mass 
I I 

balance. 

(2.6a) 

n n 
1iN = [R E (d.) + FC 1-~)]b./[ E (b.)] 

i= I I I i= I I 
(2.6b) 

where v
1 
i and 1

1
N are component vapor and liquid flows from the top 

and bottom trays Cl 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 constant molal overflow there is no satisfactory 

means of simultaneously imposing it on the mass balance. 

For the first application of the model a supplied reflu~ ratio 

is used. To aid convergence a 10% increase in overhead vapor flow due 

to I iquid reflux flash-off is assumed. On subsequent applications the 

reflux ratio is calculated from the liquid 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 overal I 

mass balance. 

Rv 

= 

= 

L/D (2. 7a) 

CV- F~)/D-1 .<2. 7b) 

where L and V are saturated tota I I i quid and vapor ref I ux f I ows and 

.D is the total net overhead product flow. 
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The total I iquid and vapor exit flows must subsequently be 

adjusted for this vapor flash-off. 

2. 1.2 Heat Exchangers 

All excha.ngers in the network represent various modes of 

operation of a single heat exchanger model. The basic structure of 

the present model is that of the originally supplied CHESS ( 8) 

version. However it has undergone extensive modification, both to 

achieve satisfactory convergence and to permit additional modes of 

operation. The algorithm is based on a constant overal I heat transfer 

coefficient. In the general case it involves iteration unti I the 

driving force calculated from stream temperatures corresponds to that 

computed from the heat duty. 

i.e. 
= Q/CUA) (2. 8) 

where ~\M is the logarithmic mean driving force, Q is the heat. duty, 

U Is the overal I heat transfer coefficient and A is the heat transfer 

area. 

Exit temperatures are determined 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. 

( 13) • Direct calculation, as in the 'effectiveness factor' approach , IS 

not possible as the assumption of constant heat capacities is in most 

cases not valid and is incompatible with the system physical properties 

scheme. 



The configurations representing the individual process 

exchangers are described be low. 

(a) Overheads exchanger - Cll3 · 

This corresponds to module 3 and represents the normal 

i~erative calculation. 

(b) Reboi lers - C44 and C44A 

The two reboi lers 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 specified, to bring the incoming vapor stream 

to its dew point. No iteration is necessary. The condensing section 

was calculated in the normal iterative mode with the remainder of the 

total reboiler transfer area. 

(c) Trimmer condenser- Cll4 

Modules 9, 10 and II represent the de-superheating, condensing 

and subcool ing of the inlet vapor stream. There is no second input 

stream; the she! I side of the exchanger is assumed to be at constant 

temperature corresponding to the evaporating ammonia refrigerant. 

Modules 9 and 10 are direct calculations (as for module 7 above), 

bringing the ethylene stream to its dew point and bubble point 

respectively. Module II is calculated iteratively using the residual 

exchanger area, as for module 8. 

18 



2. 1.3 Compressors - J42B and J54 

The compressor model, module 4, is based on the.polytropic 

. ( 14) 
reI at 1 on 

pvY = Constant (2.9) 

where P is the stream pressure, Vis the volumetric flow andy the 

polytropic compression coefficient. 

Iteration prOceeds, adjusting the exit temperature unti I the 

value of PVY at inlet conditions matches that at the exit. The value 

of y was assumed constant. Convection heat loss from the uninsulated 

compressor discharge I ine was modelled by module 5, representing a 

constant heat flux to the surroundings. 

2. 1.4 Surge and Flash Drums- F40 and Fl03 

Heat gains to both insulated vessels were estimated from 

surface temperatures and found to be negligible. For steady state 

simulation the F40 surge drum fulfi Is no function and was neglected. 

The vapor flash-off i~ the FI03 flash drum was represented by 

a combination of the adiabatic valve, module 13, 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 reboi ler and 

trimmer condenser was represented by a I inear splitter, module 6. 

The module also contains a control routine which adjusts the flow 

split to achieve the specified control temperature for column tray I I. 

System convergence is handled by this routine rather than the CHESS 

19 
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system convergence routines which were found to be inappropriate to 

the present simulation, as wi I I 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 

ca I cuI ated by the co I umn mode I, i e. the d. and b. va I ues. Otherwise 
I I 

component build-up or decrease was found to occur during successive 

calcuiBtion loops. 

Module 16 places component flows b. into its first output. 
I 

Module 15 removes flows such that the combined flow in the I iquid and 

vapor disti I late product streams is equal to di for each component. 

2. I. 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 alI involve iterative calculation with consequent convergence 

problems. The objective functions are in alI cases dependent on values 

supplied by the physical properties calculation package, making 

( 12) 
difficult the use of root finding techniques such as Newton Raphson 

( 12) 
Forms of reguli-falsi were employed in all c9ses and were found 

to be rei iable and to involve a minimum of programming. In difficult 

cases where the rate of change of objective function slope is large in 

the region of the root, regul i-falsi was combined with a stepping 

procedure which was used to initiate ca I cuI at ions. Stepping was 

continue·d until the root was.bracketted, ie. values were obtained on 
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both sides of the function zero. Calculation then continued using 

regu I i-falsi, always obtaining a new point from two points on opposite 

sides of the root. Some loss in efficiency results in some cases but 

the modification ensures stabi I ity under alI conditions, which is 

essential for this type of application. 

Values from model calculations in previous loops were, where 

possible, used to initiate iterative calculations. Considerable 

reductions in computation time result. 

2.3 System Convergence 

For a clearer understanding of the overall system calculation 

it is convenient to simplify the information flow diagram to that 

shown in Fig. 2.3. The system reduces to an overhead loop and a 

bottom loop, connected by the heat transfer across the reboi fer and 

the mass balance relations for the column. A fraction, X, of the 

overhead stream is condensed in the reboi fer with the remainder being 
-,_ 

bypassed to the trimmer condenser. The vapor reflux and hence the 

internal column reflux ratio is directly'determined by the heat 

t r.ans fer across the rebo i I e r. 

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 completed to 

obtain a value for the I iquid reflux return, from which the reflux ratio 

is calculated for a further column calculation. The bottom loop is. 

comp I eted, returning to the column, which is recal cuI ated using the 

vapor reflux to determine the reflux ratio. The se·quence of equipment 

module numbers for the general overal I calculation loop is-
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2, 3, 4, 5, 6, 7, 8, 9, 10, II, 12, 13, 14, 3, 15, 2, 16, 8, 7. 

Initial values must be supplied for the bottoms streams to both reboi fer 

sections and convergence is aided by specification of initial values 

for the return condensate stream to the overheads exchanger. 

The overal I calculation sequence given above involves two 

column calculations per loop, with reflux ratio calculated alternately 

from the liquid and vapor reflux streams. For each calculation the 

th II tr:ay control temperature is computed and with increasing number 

of loops the temperatures estimated by both column modes approach a 

single constant value. The system behaviour· is shown in Fig. 2.4, 

where the control temperature and corresponding reflux ratio, calculated 

using the vapor reflux, are plotted against loop number with fraction 

split to the reboi fer, X, as a parameter. For low X values the solution 

continuously decays (ie. system flows decrease), since the flow to the 

reboi fer remains too low to maintain a condensing section driving force 

high enough for adequate vapor reflux generation. At high-X values the 

sensitivity of the system to changes in X is very low and osci I latory 

behaviour results. The response of 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 reboi fer at bubble point. While the exit 

stream contains some vapor, its temperature is relatively insensitive 

to smal I increases in heat. transfer. However once the stream reaches 

bubb I e point a sma I I increase in transfer causes an app rec i·ab I e fa I I 

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 the fraction flow to the reboi ler to reach a 

pre-specified I lth tray control temperature. For any X value iteration 

continues, following the curves in Fig. 2.4 unti I the fractional 

temperature change between successive loops is sufficiently smal I 

<O.OI5°F). The X value is changed and the procedure repeated, 

continuing until the.specified control temperature 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 a I I e I aments 

of the stream properties vectors for alI streams to have a fractional 

change between successive loops less than a prescribed value. There 

is no provision for testing of selected 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 converge the 

system to a tolerance corresponding to approximately ±o.2% variation 

in unit flows. The average loop time on the CDC6400 is around 12 

seconds. It is estimated that approximately half of this is used in 

physical property calculation; in particular within the adiabatic 

flash routine which the system rei ies upon for phase determination and 

estimation of temperature within the two-phase region. 



24 

D~ 

F 

X 

~--------------------------------------8--> 

FIGURE 2.3 SIMPLIFIED INFORMATION FLO\'J DIAGRAM 



L!.. 
Q 

w 
0.:: 
::> 
1-

-30·0 

~- 31·0 
w 
o._ 
;? 
w 
l-

>
<( 
0::: 
!--

:c -32·01 1-_ 

2 4 

X • FRACTION FLOW TO REBOILER 

X=0·80 

X=0-82 

(CONTROL VALUE) 

I 

G 8 10 12 14 

LOOP NUMBER 

FIGURE 2.4 SYSTEM CONVERGENCE BEHAVIOUR 

3·0 

3·1 

3·2 0 
r
<( 
0:: 

3•3 X 
:::> 
_J 
w_ 
w 

3·-t;- cc 

3·5 

N 
\J1 



26 

FIGURE 2.5 VARIATION IN CONVERGED CONTROL 

TEMPERATURE WITH FRACTION FLOW TO REBOILER 
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2.4 Base Case Parameter Determination 

2.4. I Plant Data 

Polymer Corporation has supp I i ed 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 transients. For a number of streams 

measurements were unavailable and data were estimated from other 

supplied values. Equipment detai Is 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 ful I set of base 

case flows, temperatures, pressures and model parameters, together 

with a tabulated comparison of results with plant data are given in 

Appendix II. 

2.4.2 Column 

The numbers of theoretical trays in each column section were 

adjusted to match product compositions. The results were compared, 

for equal reflux ratios, with those from the tray to tray direct 

(7) 
iteration program used by Petryschuk The results are summarised 

in Table 2.2. 

The tray to tray model does not use the CHESS physical 

properties package so tha~ differences cannot wholly be ascribed to 

the calculation methods. However it was demonstrated that:the McCabe 
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Thiele assumption of constant flows in each column s~ction 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 mode I. In fact the time differences wou I d be st i I I 

greater if the tray to tray model had employed generalized correlations 

for properties rather than simplified regression expressions. There 

appears to be I ittle. loss in accuracy and an important saving In 

camp ute r stor_age is a I so rea I i zed. 

resu Its. 

The overall rectifying section efficiency is 70% from the 

th Hence the I I actual tray, on which the control temperature 

· d t k th 77th th t• I tray (Stoppel 1s (II) 1s measure , was a en as e . eore 1ca 

(I 0) . 
analytical modification of the McCabe Thiele analys1s permits 

specification of fractional trays). The control temperature value 

required to converge the system to the base case conditions was within 

0.5°F of the plant value. 

At convergence the error in the computed overall column heat 

balance represented a loss of 63,000 BTU, approximately 2.5% of the 

overhead vapor stream enthalpy. In fact, since the column temperatures 

are well below ambient, there should be a small gain In heat through 

the Insulation. This discrepancy probably results from smal I 

deviations from the assumption of constant mole flows in each column 

section. 



TABLE 2.2 

COMPARISON OF COLUM~ MODELS 

29 

MODEL ACTUAL TRAYS THEORETICAL TRAYS CALCULATION TIME/ITERATION 

RECT. STRIP. RECT. STRIP. FOR CDC6400-SECONDS 

Tray to Tray 20 40 15.5 23 0.4 

Pseudo-Binary 20 40 14 21 0 .I 

2.4.3 Compressor 

The polytropic compression coefficient was matched to 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 transfer 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 present duty. 

It has a 1-4 configuration; hence the two streams exit at almost equal 

temperatures which are insensitive to coefficient values. The estimated 

coefficient produced an exit reflux temperature within 2°F of the plant 

value. 

Overal I 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 ~onditions 

the exchanger is oversized so that its performance is inse~sitive +o 

coefficient values. 



The estimated coefficient value for the reboi ler de-super

heating section combined with the high driving force to predict a 
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very high heat flux for this section. The area required was less than 

10% of the total reboi ler area so that the de-superheating coefficient 

has a smal I effect on the overal I reboi ler operation. The condensing 

section however operates with a very low driving force and transfer 

is controlled by a low shell side boi I ing coefficient. This 

coefficient is difficult to estimate accurately but is the critical 

value in determining the quantity of vapor reflux produced. Hence 

the coefficient was set to produce the required vapor reflux. 

2.4.5 Parameter Errors 

It is difficult to estimate errors or further validate model 

parameters without a more complete set of plant data. This should 

include temperature profiles along exchangers, necessary to accurately 

fix coefficient values for exchanger sections. Data representing a 

different range of operation WOl:Jid have been useful in 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 wi I I be directed towards a reduction in operating 

cost although the ethylene recovery problem is briefly considered in 

Section 3.2. 

The major operating costs are those associated with ammonia 

refrigeration and vapor compression, both functions of the following 

variables: 

a) Co I umn pressure 

b) Internal reflux ratio 

c) Compressor discharge pressure 

d) Flash drum pressure 

e) Disti I late product enthalpy 

The following constraints are imposed by the process

i) Column Pressure 

The upper limit isaround 350 psig, the feed pressure. 

The lower limit is determined by a combination of the following 

criteria-

a) Excessive volumetric flow to the compressors. For positive 

displacement machines the compressor speed is directly 

proportional to the volumetric throughput. Ever.~ if there 

is no increase in power requirements mainJenance costs 

increase with speed. 
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b) Flooding and/or excessive entrainment due to increased 

column vapor velocities. 

i i ) I n te rna I re f I u x rat i o 
0 

The reflux ratio must be sufficiently high to maintain the 

desired ethylene overhead product purity. 

i i i) Compressor discharge pressure 

The pressure .should be just high enough to provide sufficient 

driving force across the reboiler to maintain the desired column 

ref I ux ratio. 

iv) Flash drum pressure 
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The pressure must be between column and compressor discharge 

pressures. The upper value is further I imited by pressure losses 

across control valves on the reboi ler and trimmer condenser exit I ines. 

Sufficient pressure must remain to overcome the loss across the I iquid 

reflux control valve and the hydrostatic head due to column height. 

v) Disti I late enthalpy 

Disti I late can be withdrawn from the present system as vapor 

from the flash drum, as I iquid through a bypass around the overheads 

exchanger, or as I iquid after this exchanger. As wi II be demonstrated 

later it is advisable to withdraw disti I late streams such that their 

combined enthalpy is as high as possible. 



A rigorous m1nimization of operating cost with respect to 

the above operating variables is possible through a multivariable 

& 
. ( 16) 

search technique such as Hooke Jeeves . However problems are 

envisaged with the constraints and a sui tab I e objective function is 

difficult to formulate due to the interaction of the unit with the 

overal I refining netwo~k. 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 Results 

The following simplifying assumptions were made ·-

a) Feed conditions were constant 

b) Overhead product purity was constant 

c) Compressor discharge pressures were adjusted to the 

minimum for adequate reboi ler heat transfer 

d) Flash drum pressures were set to constant fractions 

of the compressor discharge pressures 

e) Base case model parameters were assumed constant 

over the range of investigation. Some variations in 

heat transfer coefficients, tray efficiencies etc. must 

be expected. However changes in important flows were 

small 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 configurations, as summarized in Table 3. I. 

33 



34 

TABLE 3. I 

OPERATING CONDITIONS FOR PARAMETRIC STUDY 

COLUMN COMPRESSOR PFLASH/PCOMPR. * 
PRESSURE Dl SCHARGE LIQUID DISTILLATE TAKE-OFF 

Psi a psi a +CON F I GURAT I ON +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 = After 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 ratio. For the ethylene/ethane system, 

reduction in pressure results in significant increase in relative 

volatility. Hence for constant product purity the reflux ratio can 

be reduced with pressure as shown in Fig. 3. I. 

Figs. 3.2 and 3.3 show the variations in compressor power and 

refrigeration load with column pressure for the three configurations. 

The compressor 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 there is a 

·significant increase in vapor flow across the top tray due to I iquid 

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

reflux specific enthalpy is above that for saturated conditions at 



top tray temperature and pressure. As long as there is some bypass 

of camp res sed overheads aroun·d the reba i I e r it is high I y des i rab I e 

to reduce this flash-off. It adds directly to the bypass flow and 

consequently requires both additional compression power and refrige

ration. The desirable reduction in I iquid reflux enthalpy can be 

achieved by either- (a) achieving an additional cooling duty in the 

overheads exchanger or - (b) withdrawing the overhead product at a 

higher average enthalpy. 

Under present operation the overheads exchanger has more than 

adequate capacity and the cooling duty is I imited by the attainable 

reduction with the 1-4 exchanger configuration. One point Cil4 8 1
) is 

given in Figs. 3.2 and 3.3 to demonstrate the effect of changing to 

a 1-1 counterflow configurati.on. The reflux cooling is increased with 

a smal I reduction in flash-off and compressor duty. However overhead 

vapor enthalpy is increased by the greater exchanger duty, with "the 

result that a smaller flow to the rebel ler is required. Hence the 

refrigeration load is slightly increased. 
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Improvement (b) can be achieved by either removing the liquid 

overhead product through the overheads exchanger bypass (8), or 

increasing the vapor product flow from the flash drum (by reducing its 

pressure)> or both (C). The resultant savings can be seen to be 

particularly marked for C. The maximum cost saving is around $6000/year, 

estimated from steam and cooling water costs for ammonia refrig~ration 

and fuel costs for the gas fueled compressor drivers. 



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. 
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The present operation uses the I iquid portion of the disti I late 

_product for refrigeration _in another unit. However, this is in effect 

produced by high cost ammonia refrigeration. It would be more economical 

to employ the maximum_take-off of disti I late product as vapor and replace 

the loss in refrigeration from an existing 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 wlt~ln 

the desIgn capacitIes of the present camp ressors. The correspondIng 

Increase In rectifying section vapor velocity is around 10%. It Is 

doubtful whether this magnitude 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 limited by column 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 whl le maintaining the reflux ratios above the constant 

composition values, used above. The situation is shown in Fig. 3.6. 

With the higher reflux ratios however, the same reductions in total 

flows cannot be achieved to give the resultant savings in operating 

costs. Additionally the I imiting column vapor velocities wi I I be 



reached with much smaller reductions in pressure. Economic 

considerations indicate a compromise between the two objectives. 

The further investigation 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 wei I suited to 

the present study. The physical properties package, especially. when 

used in conjunction with the adiabatic flash routine, was a powerful 

and readily manipulated tool. Values are accurate but the system 

requires considerable computational effort in its calculation of 

properties from basic pure component data on alI occasions. The time 

requirement for the present process was not excessive on the CDC6400 

but could easily become so for a slower computer or more complex process. 

Tray to tray calculations for the column model would have been imprac-

ticable for this reason. In other 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 operatiori of the adiabatic flash and 

heat exchanger models. This points to the problems involved in writing 

sophisticated routines for completely general application. The data 

structures for equipment subroutines and physical properties were wei I 

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~ cases Jt 

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

written convergence testing and promotion routines. 
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The data input and output and output formats for the system 

were found exce I I ent. 

A major disadvantage is that water is not available as a 

liquid component (due to its non-ideal behaviour) in the present 

physical properties package so that CHESS may not be applied to 

aqueous systems. 

In conclusion, the CHESS system is best suited to detailed 

proces_s simulation or design studies of hydrocarbon systems where 

accurate physical property estimation is essential. In such cases 

the system can be used to considerableadvantage provided that a 

moderately large usage of computer time is possible. 
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5. CONCLUSIONS AND RECOMMENDATIONS 0 

5. I Simulation System and Equipment Models 

The CHESS simulation system has proven most satisfactory for 

the model ling of the ethylene/ethane disti I lation unit. 

Convergence problems within equipment modules and for the 

( 12) 
overall system were overcome by employing modified regul i-falsi 

techniques. The CHESS system convergence testing and promotion 

routines were bypassed and it is suggested that both be either removed 

or modified to permit greater flexibility of operation. 

The accuracy and user convenience of the CHESS physical 

properties system were found excel lent for the present study. 

Calculation time for property estimation was not excessive on the 

CDC6400 but could wei I be a problem with larger process networks and/ 

or slower computers. It is recommended in such cases that approximate 

methods, accurate within a range of interest, be employed. 

The approximate, pseudo-binary column model proved much faster 

than conventional tray to tray calculation methods, with I ittle loss 

in accuracy. The use of such a model would be particularly valuable 

for studies where model I ing 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. 
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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 unti I hydrodynamic_ 

limitations occur. 

b) Disti I late liquid product should be withdrawn before, 

rather than after, the overheads exchanger. 

c) The proportion of vapor disti I late product should be 

increased by a reduction in flash drum pressure. 

The present parametric study was directed solely towards 

operating cost reduction. However increased ethylene recovery is 

a further important consideration. In fact the most economic 

operation of the unit would be determined by a compromise between 

these two objectives and presents an area for further investigation. 



6. NOMENCLATURE 

AI I flows are in moles/unit time unless otherwise specified 

A - Heat transfer area 

b - Bottom product component flow 

B - Bottom product total flow 

C, c1- Constants 

d - Overhead product component flow 

D - Overhead product total flow 

f - Feed component flow 

F - Feed total flow 

i -Stripping section component liquid flow 

L -Rectifying section total I iquid flow 

P - Pressure 

Q - Heat exchanger duty 

R - Column internal reflux ratio ( = L/D ) 

~TLM- Exchanger logarithmic mean temperature driving force 

U - Overal I heat transfer coefficient 

v - Rectifying section component vapor flow 

V ~ Volumetric compressor flow 

V - Stripping section total vapor flow 

x - Mole fraction 

X - Fraction flow to reboi ler 
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Greek Symbols 

a Relative volatility 

y - Polytropic compression coefficient 

~ - Feed vapor fraction 

Subscripts 

B - Refers to bottom product 

CL,CH- Refer to critical values for light and heavy keys 

D - Refers to overhead product 

"ELK,EHK- Refer to equivalent I ight and heavy keys 

F 

HK 

Refers 

- Refers 

- Refers 

to 

to 

to 

feed 

heavy key 

specific component 

L 

LK 

- Refers to rectifying section total I iqu i d flow 

- Refers to I i ght key 

n - Refers to total number of components 

- Refers to stripping section total vapor flow 
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APPEND IX I 

EQU IPMENT DETAI LS 

I. I CO LUMN 

Co I umn he i ght - 106 ft 

Co I umn di amete r 4 ft. 6 in. 

Tray type Gl i tsch va lve 

Tota l number of trays 60 

Tray spac i ng 24 in . above feed , 18 

Feed tray number 20 

1. 2 HEAT EXCHANGERS 

TABLE I. I 

HEAT EXCHANGER DETAILS 

ITEM 

Type 

Hor i zonta I 

Tube s i de f lui d 

She ll side f lui d 

Tube passes 

She I I passes 

No . of tubes 

Tube di amete r 

Pitch 

Tube length 

Transfer area 
+ Heat duty 

REBO I LER 

KeH ie-U t ube 

Yes 

Overheads 

Bottoms 

2 

I 

10 12 

3/ 4 in. 

I i n. - 0 

16 ft .x 
2* 6060 ·f t . 

4. 85 

TR IMMER CONDENSER 

Kett le- U t ube 

Yes 

Overheads 

Bottoms 

2 

352 

3/4 in. 

I in. - 0 

16 f t . 

11 00 f/ 

1.34 

X For sing le exchange rs , C44 and C44A 

* Inc ludes both C44 and C44A 

+ For Base Case - Units of I o6 BT U/h r 

52 

i n. be low 

OVERHEADS 

Float i ng Heat 
Fi nned t·ube 

Yes 

Re f ! ux 
Overheads 

4 

388 

3/4 in. 

15/ 16 i n . - 6 

12 ft . 

725 Ft
2 

0 . 44 



I . 3 COMPRESSORS 

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 respectively. Speeds reported for the 

data period were 315 and_ 260 rpm. 

1.4 SURGE & FLASH DRUMS 

DRUM 

Surge Drum ( F40) 

Flash Drum (FI03) 

TABLE 1.2 

DRUM DETAILS 

SIZE 

15 ft. X 6 ft .. D 

20 ft. X 6 ft. D 

INSULATION 

3~ in. Foam glass 

3~ in. Foam glass 
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APPEND I X II 

BASE CASE DESCRIPTION 

II. I Equiement Parameters 

The relevant equipment parameters for the base case are 

summarized below. 

a) Co I umn -

Rectifying section theoretical trays 

Stripping section theoret.ical trays 

Average operating pressure 

Pressure drop for each section 

14 

th Control temperature for I I actual tray 

20 

214 psia 

2 psia 

-31. 5°F 

b) Heat exchangers -

TABLE II. I 

HEAT EXCHANGER BASE CASE COEFFICIENTS 

EXCHANGER 

OVERHEADS 

REBOI LER 

REBO I LER 

TRIMMER+ 

TRIMMER+ 

TRIMMER+ 

SECTION 

DE-SUPERHEATING 

CONDENSING 

DE-SUPERHEATING 

CONDENSING 

SUBCOOLING 

MODULE NO. 

3 

7 

8 

9 

10 

r 1 

* OVERALL COEFFICIENT 

45.0 

120.0 

66.0 

40.0 

120.0 

45.0 

* BTU/HR FT2 ° F 
+ Ammonia side temperature constant at- 18°F (I psig) 
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c) Compressor -

Polytropic compression coefficient I • 31 

Discharge pressure 505 psia 

Heat loss from un-insulated discharge I i ne 0.15 X 106 BTU/hr 

d) Flash Drum-

Operating pressure 405 psi a 

11.2 Stream Information 

Streams may be identified .through the process matrix which 

precedes the stream summary. The sign convention used is -

+ve 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. 
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--t7 iiilkR' (iftfWIC -..---,3" ---til ~ " 
13 YALV Yl Vl 14 -I~ 
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16 AOOl fWVR 21 -n •ll 

FINAL Rf~Vf T~ 

C? c;PLfTT[f:P 5YST£M • P•2l .. fAI (RASE CASF.'l 

5TP(AM ~UMMAJlV ------ ---------- --------------
'ilriFAM NIJM~ff( 4 
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vAPtW nucnoll4 .2t.l6 .?~db t.oooo t.oooo t.oooo 
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PHHALP"f'e HTU •R07574.qlf10 •ft07~74.QIOO ZltHqSOQ.JJ~J 29Jt791.4b79 4370ZOH.JS7l 
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FTHANF 
.,~OP"f'! f~f 
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TOTAL 
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FOIIIP. Ctl"'t.IO"'' 
VA..,OiJ ,UAC1 ION 
TF.MPf"l:liTIJllf" .. Jl 
lJUp;c;qRft PSU 
f ~l.-.ALPVt fHU 

717.0000 ?17.nooo c.s. 7tofll ttc;. 7bHI 
11.0000 ll.OOOO .ouoo .oooo 

.AOOO .AOOO .00(10 .oooo 

SJK.OOOO c-,]A.I'lOOO IC.Q4.fi1Rf4 )4Q ... t>l ~R 
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t.oooo t.ouou I.Ciooo o.oooo 

-- ----··'15,7. 7t.r.r-- -·--·--c;r,z • ...,.-,.-ntr-----·-,.76•or.:J7- -·- ---,74;4tr.J· 
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4Jl2'nlOf'. J~77 JS~?noS.?IJJ 17QQ80 I .M/2'5 ·2ll30Jq. ObhS 
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4S.7b81 
.oooo 
.oooo 

U94.biRI! 

IO 

f'R b Tl} 'I 
t.oooo 

- 15Ft?. 7.r.ns:---
c;o,.oouo 

M10l17.9lbb 

MrTWl'N'f"-
flHl'l r..,r 

---·--·----·-tn.;•r.n------- 1'~7447 _________ -,.-• .,,.r.? R.TtHt?
l?OJ.~7Jc; 

JH.l??b 
.oooo 
.oooo 

--- !.709? 
2'1'3. ]J;?8 

7.4711 
.oooo 
.o.ooo 

[ lo1A ... f 
P"'O""Y"L£"4£ 
PROP AN[ 

I"'~~"•"'O.l4 I.?OJ.Q7J'Jo 120l.q1Jii 
.. S.7b81 JA.l//b Jij.t'l7b 

.noon .nono .oooo 

.oooo .nooo .oooo 

--Tn~--H,, . .-.. "" --- 1 ,.;o • ..-•or----usu. '>40r 1 ~so • ..-•o:~---- -,u .sr:n·-----

Cj,fA[AII4 NIIMA[Q II 12 ll 14 IS 

fQUt~. CO ... JI.ION fR 9 TO U FR 10 lO 11 Fft tl TO 12 Flit 1? TO 13 FA ll TO 14 
~•PM ,.••cno" ----- · t.oooo - o~nooo·---- -- o.oooo o.oooo .o57r 

Tffoi!PfAATU'I[, R lllt7t..04J7 ~~t74.t;9l"' 44?.7b'!i5 469.9021 ... 0.9541 
PQ[ c;c;UQ(, PS 1 A 5os.oono so-;.~ooo sos.ocoo -;os.oooo 405.0000 
fNTHA.LPVe BTU l5179!J,.4t.ft6 •41J2714.C,l6.it •6-;to,.z.~=t~Jl .. zq7J~29.b722 -Z97Sl97.J9zs 

COMPOII!.t T tON• L8•MOLrSIHOIJ~ 
·--------·~---·------

NfT~AN( 1.1002 t.7oqz 1.7002 10.41'534 10.45] .. 
(f~VL[N[ 2'15.JJ28 ?J~.U28 235.3328' l4l9.JOttJ )439. 3063 
ETHANF 7.4711 7.4711 7.4711 45.69)7 45.6937 
PROP't'l(~( .oooo .oono .oooo .oooo .oooo 
PROPA,_,f .oooo .nooo .oooo .oooo .oooo 

TOUL 244.Sill ?44 .... 131 244.SIJI 1495 ... 534 l4Q5.4SJilt \J1 
()) 



STREAM NUMBER 16 17 18 19 20 

EQUIP. CONXION FR 14 TO 0 FR 14 TO 3 FR 3 TO 15 FR 1~ TO 0 FR 15 TO 2 
VAPOR FRACTION 1.0000 0.0000 0.0000 0.0000 0.0000 
TEMPERATURE• R 460.9591 460.9591 44H.5651 448.5600 448.5600 
PRESSURE. PSIA 405.0000 405.0000 405.0000 405.0000 405.0000 
ENTHALPY. BTU 135490.5428 -3112?53.3508 -3554535.4834 -581882.6757 -2972815.2923 

COl'lPOSIIJON• LB-MOLES/RotJR 

METHANE 1.7111 8.7423 
ETHYLENE 81.9195 1357.3868 
ETHANE 1.8132 43.8805 
PROPYLENE .0000 .0000 

A.7423 
1357.3868 

43.8805 
.oooo \ 

-rnt"WANf .oooo .noon .ouoo 

.4889 
220.9941 

7.8034 
.oooo 

8.2534 
1136.3927 

36.0771 
.oooo 

.oooo .oooo 

> 

TOTAL 

STREAM NUMBER 

fQUIP. CONXION 
VAPOR FRACTION 
TEMPERATURE• R 
PRESSURE, PSIA 
ENTHALPY, BTU 

85.4438 

21 

FR 2 TO 16 
o.oooo 

463.0768 
216.0000 

-3919236.7520 

1410.0096 

?2 

FR 16 TO 0 
o.oooo 

463.0949 
216.0000 

-477248.6186 

1410.0096 

23 

FR 16 TO 8 
o.oooo 

463.0949 
216.0000 

-3441233.3556 

229.2864 

?4 

FR 8 TO 7 
.5312 

465.3284 
216.0000 

681607.5334 

1180.7232 

25 

FR 7 TO 2 
.7499 

467.0909 
216.0000 

2413810.9342 
---------------------

COMPOSITION, LA-MOLES/HOUR 

METHANE .0000 .0000 .0000 .0000 .0000 
ETHYLENE 25.4430 3.0217 21.7882 21.7882 21.7882 
ETHANE 1701.5275 207.3076 1494.8058 1494.8058 1494.8058 
PROPYLENE 98.4670 12.0000 86.5268 86.5268 80~6g----

PROPANE 6.5645 .AOOO 

TOTAL 1832.0020 223.}294 

5.7685 

160A.A892 

5.7685 

1608.8892. 

5.7685 

1608.8892 \.Jl 
-...! 



II.3 Comparison with Plant Data 

TABLE II .2 

BASE CASE COMPARISON WITH PLANT DATA 

MEASUREMENTS BASE CASE VALUE PLANT VALUE 

COMPOSITIONS - Mole fraction 

Overheads ethylene p~rity 

Bottoms ethane fraction 

FLOWS 1 
- lb.moles/hr 

Overheads to compressor 

Overheads to reboi ler 

Li q u i d ref I u x to co I u mn 

TEMPERATURES 3 - °F 

Overheads vapor ex-column 

Overheads to reboi ler 

Overheads ex-trimmer 

Overheads ex-reboi ler 

Bottoms ex-reboi ler 

Ref I ux ex-overheads exchanger 
th Column I I tray set point 

0.962 

0.928 

1495 

1251 

II 81 

-36.8 

102.7 

-17.2 

14.4 

7. I 

-11.4 

-31.5 

Plant measurements within approx. ±s% pf true values 

2 Estimated from compressor speeds & Cylinder capacities 

3 Plant measurements within approx. ±2°F of true values 

0.960 

0.922 

15602 

1200 

1255 

-40.0 

106.0 

-18.0 

13.0 

-4.0 

-12.0 

-31.0 

Pressures are not quoted as simulation values were set to 

match average values recorded in the plant. 
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APPEND I X II I 

EQUIPMENT SUBROUTINE LISTINGS 

• 

Listings are presented for all equipment subroutines used 

in the present simulation. 
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SUFIROUTINE ADFIF" 
c 
C CHESS EQUIPMENT sURROUTINF 

SOMDLEC2)•S!MOLEI1l 
DO 3 1•1·NOCOMP 
TEMPA=SICOMP<l•1l 
SOCOMPCio11=1fMPA 

c 
c--- MODI~ ItO BY M,A, MEN7J(t; 

3 SQCOMPCI,2!=TEMPA 
---rr=TfMP '------------------------------------------------------

C MC MASTER UNIVERSITY - 1969 
c 
c 
C OOUHLf PRECISION REMOVED FOR CDC6400 VERSION 
c 
c-·-----EtJO I PMf N I PA~"'R'"LTS'T-

C I. - NODE NIIMflER 
C 2. - O, ADIABATIC MODE 

IF"CCOUNT - 11 ~.5.6 
5 IFCABSCEOPARC2oNE!-I,l-1.E- 51 7,7,4 
7 CALL ENTH<I•SlENTHI1!,0UM! 

SOVPFRI1l=SIVPF"RC1l 
GO TO 9 

6 Tff~S(~R<2•NFI-3.0J-J,E-Sl!IO•IIO•ll 
4 CALL OEWTP<I•OWToOUM) 

DO 401 IO=I•NOCOMP 
C I. ISDTHFRMAL MODE 
c 
C 0 * 0 *** COMMON DFCK ****** 

401 K~(Jq) • OUMIIO) 
IFCOWT,LT.O.I.AN0,5JVpF"RCI!,LT.0.000001! GO TO 1? 
S!TE~PC1!=0WT 

L 

c 
c 
\.: 

·-···---·--- -- ------------------
COMMON/SYSO/KEF"LIGCSO!•KSF"LAGCIOO!•KTRACE•DERRORoNPF"REO•IPUNCH 
COMMON/EQPA/EQPARC2So50loNEMAXoMAXEQP 
COMMON~CONTL/NJN,NOuT,NOCOMP,NEoNfN 
r.OMMON/STRMIN/S!NUMCB!•SIFLAGC8!•SIVPfRC8l•S!TEMP(8l• 

SAVE= 5 TVf'fl< m 
SJVPF"R(I!=l. 
CALL ENTH(IoHV,DIJM) 
S!Tf'"MPCI!=TEMP 
SJVPFRCI!=SAVE 
IFCCSIFNTH<I!•ABSCS!ENTHII)/5000,)l,LT,HV! IS!P'IFS<B! oSifNTHCA! •S!VISCI8l •S!THK (8! •SILZIA) •STVZ(B) • 

?5 I MOl.F" Pll •STCOMP C20 ,A 1 •SlKV 120 • 8 l 
COMMQN/STMOUT/SONUMCB!•SOF"LAGI8!•50VPFR(Bl•SOTEMPC8:• 
ISOPR~SC8!•50fNTHCA!•SOVISCI8)oSOTHKIR!•SOLZ18!•SOVZ18!• 
?SOMOLECB! oSOCOMPC20o8l•SOKVC20t8) 

· · --- ------n·s IVPFR <n=r.<r ··· -- ·· · --- ·----
AssiGN 9 TO NRT 
GO TO 15 

9 SOMOLFII!=S!MOLECI) 
DO I~ J=I,NOCOMP 

oooa.oo 16 SOCOMPCJ,Jl=SICOMPCJo!! 
-----------·----------------------------------------------------------------~Aill=SIFN!AIIl 

LOGICAL F"LAG•F"FLAG 
OATA FLAG/,FALSf,/ 
DIMENSION SORC40l• 0UM(20l 
RfAL KSC20l•F"IC20l•F"JC20loOLDKSI20l•OLE0120),EQRC20l 
RFAL NEWDIF 

RF:TURN 
14 IF<COUNT - ll 1Rol7ol8 
17 BRT=DWT 

GO TO 19 
18 CALL BUBTPC1•BBT,DUM) 

"EUUlVALENCE CSOCOMP•SORJ --- ---------- DO TJ:fal-~=~C"OJW 
I"TEGER TCNT•COUNT 1801 EORIIOI = OUM(JQ) 
TCNT:1 IF<BBT.LT.Q.l! GO TO ?0 

GO TO 14 

KCNT=O 19 IF( ARSIRBT-OWT)/BBT,GT,OtRROR/100,) GO TO 190Z 
IREST=O 00 1901 !0=1•20 
CALL ZfROCSOENTH.2l 1901 EORCID!•OEO 

--.-·---cAll 2ERUI.SUAOlt.21 !902 SITEMP!li=BBT 
CALL ZEROCS0Ro40) SAVE=SIVPfRII! 
DO 1777 1=1•60 SIVPfRCI!=O.O 

1777 OLOKS!Il•O,O CALL ENTHC1•HL•DI~) 
SOPRESI1l•SIPRESC1l STTEMPC1!•TEMP 
SQPRESC2!=SIPRES!1) SIVPF"RC1!=SAVE 
~=511EMP!ll IF!!sTFNTRTT"I-~A~S«sotns~tnt~N~TnA~tnjn)r./~S~Ononor,,),)~.~G~T-.~R~L~I~G~O~t~o~2TI-----------

SCWPf"RIH=1.0 20 SJVPFRCll•O.O 
SOVPfRC2l=O.O 12 ASSIGN 22 TO NRT 
COUNT=O 23 GO TO 15 
DO 1 1=1•NOCOMP 22 !FINOUT - ll 24•26t24 

1 lfiSICOM~II•1),GT, 1.E-7 l COUNT•COUNT+1 ' 24 SOMOLE12!•SlMOLtlll 
IF !SI"ffiLE! I) ,LT ,t.E-7 I Rf'T DO 2'> (:J;NocOl;fpi-'-':..:_ _______________ ~-----------

!F<Eu~ARI2•NE!-1,E-5l4•4•? 25 SOCOMPCit2!=SICOMPC1•1l 
2 SOTEMP11!•TEMP SOENTHI2J•SIENTHC1! 

SOTEMPI2l=TEMP RETURN 
SOMOLE ( 1) =S I MOLE ( ll 26 SOVPFR Ill "0. 0 0\ 

0 



GO TO 9 

l •••• FOR ONE COMPONENT SYSTEM• CALCULATE V DIRECTLY 

36 DO 38 !=l•NOCOMP 
SOCOMP(J,!l=S!COMP!l•ll 
SOCONP(J,2l=SICOMP(!,Il/KS!Il 

c 
21 !F!COUNT- I> ?8•27o28 

---2.,-" rr """5TTl':Y!P ( I I =OW ! 

38 51 IM=SUM • SOCOMP ( l, 2) 
SOMOLE!ll=S!MOLE!ll 
50MOLE!21=50M 

SOTE"'P!ll,OWT 
S0TE>IP!2l=DWT 
V=!SlENTH!Il-MLl/(HV-HLl 
IF !NOUT - 1 l 30 •29, 30 

29 SOVPFR!ll=V 

V=l. 
GO TO II 

37 IF!RPSUMl 39,39•40 
39 DO 41 l=l•NOCOMP 

SOCOMP!l•2l=SICOMP!loll 
t (\ ·11 ( ~... • •• 1.J ' OMP (I • I) =S I COMP (I • 1 J *Kc:; (I J 

30 SOMOLE (I l =S !MOLE! I) *V 41 SliM=SUM+SOCOMP ( l•l l 
SOMOLE!2l=S!MOLE!1l-SOM0Lf!ll SOMOlf!2l=SI~OLE<ll 
DO 31 I=~oNOCOMP SOMOLE<li=SUM 
SOCO~P(!,1l=SICOMP!Ioll*V V=O, 

31 SOCO~P!Io2l=S!COMP!Ioll-50COMP(!,1l GD,l~0~1~1-------------------------------------------------------------· 
--------~ENTHTTT=~r 4o ~=. 

SOENTH!2l=SIENTH!1l-SOENTH!ll DO 42 COUNT=\,20 
RFTIJRN SliM•O,O 

28 TNEG=RAT. OSUM•O.O 
TPOS=OWT DO 43 I=1,NOCOMP 
F'JEG=!HL-SIENTH!lll/ARS!SIENTH!1ll !FlV,GT.I,l V=1.0 

------TPOS"'" !HV"-"STE"!'HHTTTT7ARS1SITNTHTTTI rnv:rr;"(f~:o ;o· 
TFMP=!OWT•FNEG-ART•FPOS)/(FNEG-FPOSl TEMPO=FI(!l/!FI(!l•V+J,) 
TL DW=RRT TfMPA=TEMP"O•S !COMP ( l '1 l 
THIGH•DWT DSUM=DSUM•TEMPA*TEMPO 
DO 1778 10 = 1o20 43 SUM=SUM+TEMPA 

!77B EOR!IOl=OEO TFMPA=SUM/DSUM 
rrOT~r---------------------------------------------------------------------,~~~CM?AII""r~-~5~)4~5~.4~5~.~4~4-------------------------------------l.JU '"-

10 FLAG=.TRUE. 
DO 32 l=loNOCOMP 
OLDIF=EOR!ll-OLEO!ll 
>JFWO!F=KS ( l) -OLDI(S (I) 
IF(!ARS!NEWDIFl/KS(Ill.GT,J,[-5.AND,S!COMP(I,ll.GT.l.E-5l 

I F LA(,-,-;r-A[SE. 
OLDKS (I l =K S (I l 
IF!KCNT.LE,2l GO TO 33 
IF!!ARS!NEWD!F)/KSI!))oLT,l,E-5) GO TO 33 
QWEG=l.-OLD!F/NEWDIF 
!F!ABS!OWEGI,LT.I.E-71 GO TO 33 

44 IF!V,GT,0,999999,AND,TEMPA,GT,O,Ol GO TO 36 
!F!V.LT.0.000001,AND.TEMPA.LT,0,0) GO TO 39 

42 V=V+TFMPA 
!F!V,LE,1,0.AND,V,GE,0,0) GO TO 46 
SUM=O,O 
!F !V) 39.36.36 

45 IF!V.GT.Oo999999)GQ TO 36 
IF!V.LT.0.000001l GO TO 39 

46 IVPFR!l l=V 
DSUM=O,EO 
SUM=O.EO 

\o.EG=I,/!li?EG"" o 4 t= , fW 
lF!OWEG.GT •• 5) OWEG=,S TEMPA=S!COMP(!,1l/!V*FI!ll+l,l*(l,-V) 

'KS!Il=OWEG*EOR!Il+!I.-OWEGl*KS!Il !F!TEMPA,LT.O,) TEMPA:O, 
33 OLEO<ll=EOR!!) TEMPO=SICOMP(l•ll-TEMPA 
32 E~R!Il=KS!ll lF!TEMPO,GT,O.l GO TO 461 

!F!FLAG ,OR.KCNT,GT.~l GO TO 34 TFMPA=S!COMP!Io1l 
----,~~= . 0=0. ~----------------------------------------------

BPSUM•O.EO 461 DSU~=DSUM+TEMPO 
DO 35 !=I •NOCOMP SliM=SUM+TEMPA 
IF!KS!!l.LToEXP!-30,)) KS!ll=EXP!-3Q,l SOCOMP!I•2>=TEMPA 
FJ!Il=1./KS!!I-l, 47 SOCOMP!Io1l=TEMPO 
F I ( Il =K S ! I l -1, • SOMOL E ( 1 l =DSUM 

---------,-,D1V"STCOMP ( l , 1 I soMN.TIZf:Sli'''--------------------------------------------
DPSUM=DPSUM•FJ!ll*TREMP 11 CALL KVAL!-2•ADoKSl 

35 BPSU~=BPSUM+FI!Il*TREMP CALL KVAL!-1;AD,KSl 
SUM=O. KCNT=KCNT+l 
!F!DPSUMl 36,36o37 GO TO 10 
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34 lf!V • 0,999999)49o4!1o4fl GO TO 11 
48 SOMOLFI2):0,0 SJ CONTINUF 

CALL Z[ROiSORI2li•NOCOMPI lf!NOUT.EOoll GO TO 66 
G0 Ttl 51 RfTURN 

-----~4~9~1~F!V - 0,0000011 52o52o5l 66 SOVPF'R!li=SOMOLE(li/!SOMOLE~~~~~~~·~S~O~M~O~L~E~!~2~1~1----------------------
t;2 (ll<ijT_ n n:o-;-cr------ TTNTfH1TiiSUt:l'lTI1TTr.-s-oTNTHl2) 

CALL 7fRO!~ORo201 GO TO 9 
<;I CALL F:NTHI-2oHLoNJMI C •••• CALL INTERNAL fiJNCTION •r.fTTP• •••• 

CALL FNTH!•loHVoOUMI 15 5TTE~PIII=TfMP 
SOENTHII!=HV CALL TStiRHfloTEMPollUM) 
SOENTHI21=HL S!TfMPIII=TEMP 

------~FtAHStttJPARt2•NFJ-l.t.Ct.O.O'tJ GO Ill 53 ~TFMP(l)=IEMP 
fTfMP=!HL•HV-~!F:NTHIIII/ARSISIENTH!lll ~OTEMPI?I=TfMP 
AA=AHS!fTEMPI GO TO NRTol9o221 
If !AA,L T ,0,0031 f,O TO 53 END 
lfiTCNT,LEoiOI Gn TO S5 
WQ!Tf lho561AA 

----~5"'6--nJRMIIT\.J"'HU'"'..-AUIIIRATTC f[ASA 010 NOI CONVERr.f_+ww,w '"Tl'tii"CTT01'fll1:
lfRROfl=0of!l,51 

WRITE 16o571 NE 
57 f·O<=?MAT (JHOo<>IJNIT NUMREI'I =*ol51 

GO TO 53 
55 !f!TCNT,LT,3,0R,!AEST,EO,!I GO TO 552 

IF' I lARSlf"NtG/f"POc;) l .LTo20,l GO 'TO '551 _____________ _ 
TT=TLOW•O,B<>(TPOS-TLOWI 
!REST=! 
GO TO r,o 

55! lf!IABS!fPOS/fNEr.II,LTo20,1 GO TO 552 
TT=TH!f.H-O,A*!THTGH·T~EGI -------TI-af'!-rf_ S~=~--- -------- ----=::_ _____________________ _ 

c 

c 

GO TO 60 
552 lFifTfMPI72o72o71 

72 TI=TPOS 
fl=fPOS 
GO TO 74 
~ 

fl=fNEG 

74 TT=!TfMP*fi•TI•fTEMP)/Ifl-fTEMP) 

lfiiAA51TT•TEMP)loLToOo0015) GO TO 53 
IF\FIFMPJIS•/'5• I~ 

75 lflfTEMP,LT.fNEG! GO TO 60 
TNEG=TF:MP 
FNEG=fTE"'P 
GO TO 60 

76 !flfTFMP,GT,fPOSI GO TO 60 
IPOS=TFMP 
OPOS=fTEMP 

60 CONT lNUE 
TE"'P=TT 
TCNT=TCNT+I 
5 iTEMP (I! =TT 

------·sUTFMPIJI=rT 
. SnTEMP I 2 l =TT 

KCNT=O 
00 1779 TO s lo20 

1779 EORIJOI=OEO 0\ 
N 



SUAROUTINE HXER 
APRI~f~EOPAR(S,NF) 

C=F:OPARI6oNfl 
C ----~- XMOOE•F:OPI\R(7•NEl 
C CHESS fOU!P~ENT <;tJAPOUT!NF !CD•EOPARI12•NEl 

C TF~PO•APRI~cE~*~H~1r~nr-n~~~r7~rn~~~~mr.~nnnr~~~rr-----------C PmJTITrnt:rY-"lr. TS1lofOLTfTT. E 0. 0 •• OR • C 5 I MOLE t 2 J .EO. 0. • ANO • X MODE .to • 0 • J J 
C MC ~ASTER UNIVERSITY - l'lb9 !GO TO 99 
C ------ SAVFPI=S!PRESill-EOPAP(9,NEl 
C SAVEP?=S!PRESI?l-fOPAPIIO,Nfl 
C EOUlPI'fNT PARA~f'TI'P L 1ST- NNOUT•NOUT 
C I. -NODE Nli~RER IFIICD.EO,Ol GO TO 90) -----c- ?. - OVERAll HEAT IRANSFER COEFF ICIF.Nf - 810/RR F 12 DEG. F C .'...'-=.':'.-'-=.~:::_:____.::~_:_:_:__:.:_::__ _________________________________________ _ 

C :!, - 1\RfA/SHFLL - FT? C 
C 4, - 'IU~-'BER OF <;H[LL<; IN SERIES C 
C 5. - NUI'BER OF <;HELL PA<;<;ES/SHELL C 
C h. - NUMBER OF TURf PASSfS/SHELL C 
C 7. - ~Ofl~ - C 

CALCULATE Q TO RFACH ~EW ON HUAALE POINT 
lCD=! - DEW POINT 
ICD=2 - RIJRRLf POINT 

-c---- -·---· -- ·· ---u~ ··..::TMPLrTXrR usvv•=~TlnTl---·------

c I. WATER COOlED EXCHANGER SVTP=<;!TF~PIIl 
C 2,-<;QO. REFRTGENATOR,REFR!GERANT TE~P, • MODE•DEG. R SlPRESIIl=SAVfPI 
C 500,• WATER COOLED EXCHANGER WITH 5PfC, OUTLET TEMP, IFIICfl,f0,2l GO TO 901 
C •MOflE•OEG. N SIVPFPIIl=l, 
C A, -WATER fLOW REQUIRED- GAL/HR CALL flEWTPII•SITf~PIIl•OU~l 
C 9, - PPFSSURE DROP FOR FTRST INLET STREAM - l'SU ---- -GO TO 9oz-·· 
C 10, - PRESSURE OPOP fOR SfCONO INLET STNEA~ - PSIA 901 <;IVPfRIIl=O, 
C II. - HEAT DUTY FOR fiRST INLFT STREAM - M~ RTU/HR CALL RUATP( l•SITF~P( I l •DlJ~l 
C 12. - 0, NOR~AL CASE 902 CALL ENTHII•HSAT,DU~l 
C 1. CALCULATE ARfA REQUIRED TO ARING fiRST INLET TO DEW POINT S!Vf'fRIIl=SVVf 
C ?. CALCULATE AMfA TO ARING fiRST INLET TO RUBBLE POINT S!TfMPIIl=SVTP 
,..----------- ····---- ··--·---------- TIJ-'RSJI-r---

c 
c 

oo•••• CO~MON OFCK ****** G0 TO 9Q 
c 

CO~~ON/SYSD/KEfLAGI50loKSfLAG(l00loKTRACEoDERROR,NPfREO,JPUNCH C 
COMM0N/fQPA/fOPAPI25•50l•NEMAX•MAX[QP C 
COMMON/CONTL/NINoNOUToNOCOMP•NE•NEN C 

--------,.OMMON /STRMTN/STI,TTJMT!l1 ·05Tnr.1>\HTO'ITYPF R t 8! • 5 T tEMPt 8 J , C 
ISJPMESIAl •Sif"'THIIll oSJVISC(Bl •SITHKIBl •SILZOI) •SIVZIBl • 
2SIMOLE(Al•SICOMPt20,Al•'ii~V(20•Bl 
COMMON/ST~OUT/SO"IIMIH1•50fLAGIBl•SOVPfR(8l•SOTEMP(Il)• 

I<;OPRE51A) oSOENTHIAl •SOVISC(8) ,SOTHK (8) •SOLZIAl •SOVZIBl • C 

fOLLOWING NEfERS TO EOU!P~ENT NOS. SPECifiC TO CL SPLITTER SYSTEM 

903 !fiNE,fO.IOl EOPAR(J,I0>=h0bO,-EQPAR(3o9) 
lfiNE.EQ.J)l fOPAR(3,13l=!IOO,-EQPARI3•IIl-EOPARI1ol2l 
AR=EOPAR(J•Nfl . 

250~0LE0l) oSOCOMP120•Bl •SO~V(20•1ll C 
------qlHHOIIr!HJ:1.!S7S<WrnFTilJTOS c FIND QMAX fOR fiRST INPUT STMfA~ - !MAX, Rn!TRAlil5f"E'P1 

c 
c 
c 

c 
oct•••• DO 91 !=loll 

91 S!DU~(J,Jl•SIDUMI!oll 
Di~ENSION Oll"11201 SIPRJCS(Il=SAVEPI 
INTEGfR COUNT•APP!"'E•A•C•5AVENE SITEMPIIl•SSO. 

------nn-r.;·-~91'!7+-, • ,TIJ;o.;T5TITMP {! ) •S ITI'MP t 2 l 
L~GICAL fLAG•ffLAG IFIXMODE.GT,2.,AND.XMODf,LToSOO.l S!TEMP(!l•XMODF 
DIMENSION SIDUM(f:\•11 l .SOOIJM(Holl l EQPA~I2•NEl=l, 

EQUIVALENCE ISIDUM•SINIJM)• fSOOUMoSONliMl NOUT•2 
NNfG•O , CALL ADBF 
NPOS•O OMAXI=ABS(SifNTHI!l-SOENTH(ll-SOENTHI2ll 

-----TREST=CY ------ ·-- - -- . ---· -- ------------ D MXT=CYMAX17TU*AP'>~---------------

COUNT:o C 
li=EOPARI2oNEl C fiND MAX, TEMP, Dlff, fOR EXCHANGER !ZERO HEAT TNANSfERl 

AR•EQPAR (J,Nf) C 
8=EOPARI4•Nfl DTMX2=A8SIS!TEMPII1-S!TE~P(3)) 

"' VJ 



c 

c 
c 
~ 

\ 

OTMAXI~AM!NitDTMXIoOTMX2) 

lfiX~OOE,GT,O,) GO TO 94 

f H-10 OMAX fOR SEfONO INPUT STREAM 

00 92 1=1·11 

If !OT ,GT ,QTMAX) r;o TO 181 
GO TO IS 

111 t<;W=O 
fACTOR=0,85 

IMAX, ~EAT TRANSfER) 1111 OT=DTMAX•0,9R 
----~r!s~~n~o~T~=~o~r~~~-------------------------------------------------------

c 
92 S!DUMil•ll"SIOIJMi2•Il 19 Q=U•AR•OT•B 

S!PRESil)•SAVEP? 191 FLAG=.FALSE, 
SITEMPtll=SITEMPill lfiJ,f0.2l 0=-a 
CALL AORf SOENTHill=SlfNTHill-0 

--------uv:Ax2:AH<; \SlEN I A ( ?.J -ShtN I f:t ( i J -SOE"i I H t 2 l i SlifNTH ( 7.) =S tENTH f?.) +0 
OTMAX2=QMAX2/ IU 0 AR 0 R) DO 21 K=lo2 

94 DO 93 !=loll DO 20 !=loll 
93 5 !DUM I 1•1) =SIDUM Dol) <;!DUM IK+2o1) =SIOIIM tK•l) 

SOPRI':Sill=SAVEP1 ?0 snDUMIK+2oll=SOOii>4(Ko!) 
SOPREst2l=SAVEP2 00 21 1=loNOCOMP 

-------rmUT=NNmTT ------- ~~-<;IT'l"{)rllMr<:pn("T'""'•"Kn)r------------------------------

c 
OTMAX=AMINI<DTMAXI•OT>4AX2l 21 SOCOMPI1oK+2)=50COMP(!oKl 

99 D() 2 J=lo2 
00811 !=loll 

fill SOOUM(Joll=S!OUM(Jo!) 
00 2 T = lOI<OCOMP 

2 SDCOMPiloJl=SICOMPil•J) 
lfi<;!MOLEII)) 3o]o4 

3 WRITE 16,5) 
5 fORMATt57H0° 00 HX CALCULATION 8Y-PASSE0o fiRST INPUT STREAM IS ZER 

DO 201 1=1•11 
201 S1DUMilo1l=SODUMiloll 

00 202 l=loNOCOMP 
?02 S!COMPiloll=SOCOMPI1o!l 

trtsiTFMPlll~ra.o.Ol 5TTFMP!ll=SOO~ 
EOPA~I2oNEl=O,O 
!f(XMODE-SSO.l23.?3o22 

?2 5!TfMPIJ)=XMOOE 
EfJPARI2oNEl=l,O 

10) 
--------uu--m -,---

ffLAG=,TRUE. 
--------------------------------------------~~~r<mrnr 

4 lfiXMOOE,EO,O,) GO TO 8 
lftXMOOE,GT.2.0,ftNO,X~ODE,LTo500,) G~ TO -1101 

7 T?=56S, 
lfiSOTEMPill.LT,SSO,,oR,T2.GT.SITEMPil)) GO TO 9 
SITEMPI2l=550, 

---------s~PIZJ-565. 

GO TO I 0 
ROl S!TEMP(2l=XMOOE 

SOTEMPI2l=S!TfMP12l•l,O 
T2=SOTFMPI2) 

SOVPFRIJl=S!VPFRill 
Tl=SITEMPII) 
1Fiffl~Gl GO TO ?4 
SO TEMP I 3! =Tl 
1fiXMODE,fQ,O,) r;O TO 29 
GO tO 24 

29 DO 30 !=loll 
30 S!DUMiloll=SOOUMi4oll 

S!VPFRil)=S1VPFRr4J 
DO 31 I=l•NOCOMP 

GO TO 10 
8 IF t~[MMlJ"l~E,1~2~J,J~I~2~.~1~2~•~l~i~J----------------------------------------------------~~ntf~(~Srtrr~FUROP<t<1>)~.~f7Q~,?o~.,)0S~1rfnE~M~PTr(rtr)Z~S~O~O. 

31 S!CO~PI!o1)=SOCQMPI!o4) 

12 WRITE 16ol3) CALL AOflf 
13 fORMATi59HO••• HX CALCULATION flY-PASSED• SECOND TNPUT STREAM IS ZE T2=S1TEMPtl) 

lRO ) OTEMP(4l=T2 
GO TO 6 SOVPfRI4l=SIVPfRill 

10 FfLAG=.FALSE, 24 EOPARI2oNEl=U 
= oNOT,FFLAu~ TO 3T 

lfiS1TEMPill,GT.5ITEMPI2ll J=l 36 SOTEMPf3l=T1 
EOPARr2oNEl=O, 0=SOENTHr1l-S1ENTHI3l 
Ifi1CD,NE.Ol GO TO 191 SOENTHi3l=51ENTHt3l•O 
DO ·14 1=1•11 , Q=AflSIOl 
IFIJ,GT.lOl GO TO 18 37 00 39 K=lo2 

---------TFTS"llvnJEfTT~BT.li!FI Go To 16 DO 311 I =T,Tl ___ _ 
14 CONT JNUE S !DUM IK o1 l =SIDUM iK•2• I l 
16 J<;W=l 38 SODIJ>41Koll=S00UMIK•2,Yl 

FACTOR=0,97 DO 39 1=loNOCOMP 
OT=SAVEOTIIl S!COMPi1oKl=S1COMPIIoK•2l 0'1 

.j:>. 



39 SOCOMPlloKI=SOCOMPll•K•21 ~8 IFIFLAfi) GO TO ~q 
41 IF"IF"tii.GI GO TO 43 !Ft!CD.EQ,OI GO TO 6!11 
45 COU>H=COIINT •I Tft<P=O, 
46 S=AB'i(S!TEMPlli-SITFMPl21) fOPARt3o~EI=O/tU•OT*BI 

- --------Py·=tS!TfMPlli-Tll/lT2-S1TfMP(2)) AR=EOPARI3•~f), ------------------------------------------------------tCf-Tf-zo8-o4To<.lr ______ ------ =~ -
47 5=1Tl-SITEMPI211/S GO TO 70 

GO TO 49 6Al TFMP•tDT-ODTI/OT 
4A S=tTI-SITEMP(lii/S ARTM=ARSITEMP) 

P:J,/P !F"(AflTM,tf,O,OOII GO TO 70 
49 TFMP=l.-R•S GO TO 71 

-----·----rrrn-~ f • 0 • • ti R' • I F_ MP • [ F" • 0 • J GO I 0 Q 70.';-l ;,:F T( ;.f ;;2'7;,F~!-,T[-,t-,--c,-..,rr<S::l)r7t,':1,Q,--r;f(""1 -rr'7;>-------------------------------------------
GO TO 50 !F"liCO.NE,OI GO TO AO 

q CONT!NIIE r,o TO f'>'l 
WQ!TF: lf'>o5!) 72 WP!TFlf'>o731 ~F 

51 F"ORMATII04HO••• HEAT FXCHANGER CALCULATION FAILED DUE TO IMPROPER 73 F"0~MATI/71H ooo NO, OF SHFLLS IN SERifS OR NO, OF SHELL PASSES SHO 
I TFMPFPATURF LIMITS• INPUT T TRANSFERRED TO OUTPUT I !IJL 0 KF J~CRFASfOo/IIHOIJN!T NO. •ol'>l 

---------'511ITMPf1T=STTnrPTn---------------------- -n=--rTClf~Nf';IJT GO TO Rl! -- -
50TFMPl21=S!TEMPtll 69 (Jn 7<; J•l•ll 
EOPARl?oNfi=U !f(J,GT,IOI GO Tn 80 

6 lo/PITF (1>,521 Nf JFISAVF'NEIJI,EO.NF:oOR,SAVFNEIJI,ErloOI GO TO 77 
52 F"()~MAT llH o0 UNIT NUMRER • 0 •151 75 CONTINUE 

RFTURN 77 SAVFOTtJI=OT 
SO TFCABSIR-l,J.LT.l,E-31 GO TO 53 SAV~NFIJI=NE 

GO TO 54 llO Cr1NT!NUE 
53 Fl=ll.-51/S ~ETURN 

GO TO 55 71 !fCCOIJNT,GEolOI GO TO 400 
54 f"I•CR-!,1/AI.OG((!,-SJ/TEMP) !fCTEMPI!Olo!Olo!IO 
5'> "lC,:SORTtR•R•II 101 !FI'INEG.GT,OI .GO TO 102 

---- --rrt A ?tiT~ ~GF~ CT. -r.rr-TO:;b' ---m;TE"13"'r----- ----- --------

GO TO ~7 TNEG=DOT 
56 F"?=f1 f'IEG=TFMP 

GO Tn 58 102 IFCNPOS.GT,OI GO TO 1?0 
~7 IFIABSIR-I,IoLT.!.E-31 GO TO 59 OT=OOT6FACTOR 

GO TO 1>0 GO TO ?00 -------------
--------.,q-··w7•i1TI'lP08n • , mn;, m;~. r, T • t rlT M~-;~!JTO"' 4~----

GO TO hi !f(~POS.GT.Ol GO TO Ill 
60 M3=1TfMP/II,-5))oo(},/TEMP01 NPOS=I 

M2=tP-M3)/II.-M3) TPOS•DOT 
61 M4•2.•M2-!,-R FPOS=TEMP 
. M6=1M4•M51/IM4-MSI !FC!SW,fQ,OJ GO TO 120 

------Tn AB-s-tl"f'+"'M51ot:i;r; E -5. OR. M6. LE. 0. I GO TO 62 Ill 1 FTNNE G~-r,l;ll)GQixO~l-;;2'"0,.---------
• GO TO f'>3 OT=DOT/FACTOR 

1>2 !FifF"LAGI GO TO 43 !FIOT,<;T,([)Tt<AX•0,975J) DT=0,975•QTMAX 
OT=OT 0 0.96 GO TO 200 
GO TO ?00 !20 !FICOIINT,LTo'>oOR,!RfSToEO,ll GO TO 1?01 

b3 f2=M~/ALOGIM61/TFMPO lf"((ARSIFPOS/f"NFGII oLTo10.1 GO TO 1202 ___________________________ _ 
------c:svfl-.!fTJ;nr~!rmr I=Wil~ t TNEc;- TPOS l 

GO 'f(1" 1>6" !RF:ST=I 
65 DT•f2*1T2-S!TEMP121) GO TO 200 

GO TO 43 1202 !F(!ABSIFNEG/fPOSIIoLTolO,I GO TO 1201 
66 OT•f2•<TI-S!TEMP(lll DT=T'IfG-Q,4•!TNEG-TPOSI 
43 ~F(XMODE:GT,5SO.l fQP~R(BoNEl•0/124,95 !REST=! 

--·H!PAlHiloNEl = fSTF'NTHT 11;..5~ENTIHll Ill ;E6 _______ ----------------- GO To-200 
!fffFLAGI GO TO 67 1201 lf!TEMPII2!,!21•122 
GO TO 68 121 Ti•TPOS 

(,1 F:OPAR{3oNE1=0/(U*DT•BI fl=fPOS 
RETU~N Gn TO 123 0\ 

\.l1 



c 
c 

122 TI=TNFG 
fl=fNFG 

CALCULATE NEW VALUE AY ;.lf':GULI-fALSl 
c 
c 
c 

suAROuTINE MIXR 

CHES<; FOU!P'4fNT SURROlJTINf 

C 123-uT=IUUT~'TF.VPITTTl~~-------------------- . ----------- ------c---MTIU1TTF:lr-e'f,...-l-;--~Fli7TE''> 

c 
If ITf"P! 125ol25ol )0 

1?5 lfiNNFC.,GT.Il C.O TO 1?1> 
'INEG=2 
GO TO ?00 

-----17tl~TF"" t I tMP .[ f .F NF bJ (,0 In 2t1M 
TNfG=OIH 
HIFG=TFMP 
GO TO 200 

110 IF!NPO<;,r,T,Il GO TO 111 
NPOS=? 

--------t;n TO 20{) 

c 

Ill 

200 

lf!TEMP,r,T,fPOSl 
TPO<;=OOT 
FPOS=TFMP 
CONT !NliE 
IJOT=IJT 
GO TO l'l 

GO TO 200 

400 WR!Tfll>o401!TfMPoNE 
401 fOPMATI6SH *** HFAT FXCHANGfR CALC• fAILED T~ CONVERGE• CURRENT VA 

1LllfS USfO•" - fRACTIONAL fAROR=*•flO,S/ 0 UNIT NUMBER= *.!3! 
r.o ro 10 

-------..uz--wrTE: rF>i liu1Trrmr------ --- ·-----
403 FOAMATI*O*•"DT Is GREATER THAN QH PERCENT Of DTMAX- USE 98 PEACEN 

IT VALIJF - f~ACT!ONAL ERROR=•oFIOo5l 
r,n TO 1'. 
(N{l 

C MC "ASTER \JNIVER">ITY - l<lf>'l 
c 
c 
c 
c 

COMMON OfCK ...... 
-------c"OMMON/SYSD/KFF [ hG l 50 l • k5F [AG l I 00 l ok TRACE, DE DR oR, NPF REO • I PONCA 

COMMON/fQPA/fQPARI2~o~OloNEMAXoMAXtQP 

CQMMON/CONTL/NlNoNOUToNOCOMPoNEoNEN 
COMMONtSTA~IN/SlNUMIAloSIFLAG!HloSIVPfRI8loSTTEMP(Alo 

ISIPRfS18loSIENTH!AloSIVISCIHloSITHK!AloSIL/(AloS!Vll8lo 
251 MOLf ( ll l • 5 I COMP ( 20, H l • S l K VI 20 • A l 

______ __::c~UMMON75THOUT 7SlJN1Jl'flBI•-SOF"LAG (81 • ~OVPF"R [A J-, <;OTEMP nn-.
ISOPREs<Al oSOENTH(HloSOVISCI!lloSOTHK (8lo50LZIHl oSOVZIAl • 
2SOMOLf!AloSOCOMP!?Oo8loSOKVI20oHl 

c 
c 
c 

c 

......... 
I) l MENST ON f)VM (J l 
DIMENSION SIIDUM!Ilol1l•SOTUUM(Aolll 
f(Jli!VALfNCE IS!NliMoSI !Dl!Ml• ISONlJMoSO!flU'4l 
SOMOLF:I1l=O, 
DO 2 J: I • NOCOMP 

2 SOCOMP!Joll•O, 
"11T>:fi:T.l'HN ·-------- --

SOMOLEII!=SOMOLE<Il•STMOlflll 
DO 3 J=loNOCOMP 

3 50COMP(Jo1l=SOCOMP{Joll•~!COMP(Joll 

DO 4 l=I•NIN 
-----;.......,~1M01TfTI; c;-r;-o--,TUl/Trr s·-

4 CONTINUE 
5 SMALL=S!PRfSIIl 

J=l•l 
IFIJ,GT,'I!Nl GO TO 10 
DO 6 I=J•NIN 

------cz6----.l f'T'>TPl'lf'>m ·,:: (rTT -c,<<;'~~M1<Ar[r[-:c,1<A"'Nmll ;sTWlt::FTTI.lrt.lr.T-SMAU: S TP<lE S r T r. 
10 SOPRES!ll=SMALL 

SOENTH!Il=O. 
00 7 l=loNIN 
SOENTH!I!=SO~NTHI1l•SIENTHI!l 
~MALL=SIVPF~IIl 

----....=T ---- ------ ----------
8 1=1•1 

!FII,GT.NIN.OR.S!VPfRIIl,NE.SMALLl GO TO q 
GO TO A 

'l If ISOTEMPill,fQ,O,l SOTfMPil ):51>0, 
---------,!FI!,(;T,N!Nl GO TO 17 

DO 12 I=3oll 
SliDlJMININ•Ioll=~liDUMIIoll 

12 SliOU"II•Jl=SO!OtiM(Ioll 
DO IJ I=loNOCOMP 
S!COMP!loNIN+1l=~ICO~Piloll 

m 
m 



13 S!COMPI!o1l~SUCOMP(Io!l 
CALL AO!lf 
on 14 1=3·11 SUBROUTINE VALV 

14 SI!DU"'I1o!l=S!trli1M(NJN•1•J) C 
--.,....,--,.0""'"0 15 !=1oNOCOMP C CHESS f0li11'MENT SU~POitT!Nf 

IS Sl~MPITOli:sTLOMPlloNIN+ C 
J.lf'Tili-IN MOO IF IttJ BT M.A. qfNZIE5 

17 SOVPFR11l=SMALL C MCMASTER UNIVFRSITY- !Qb9 
CALL TSUfiHI-1oS0TEMP!!loDWO C 
PFTl!PN C 
END C 

c 
****~* CO~MON OFC~ ****** 

COMMON75TSDFKrr[AUt~Ul•K~YlAGtlOO)•KIRACt•UtRROR•NPfREQ•~ 

COMMON/fQPA/fQPAPI?5o50)oNEMAXoMAXtOP 
CnMMON/CONTL/NINoNOUioNOCOMPoNEoNEN 
COMMON/STRMIN/SINUM(~l•SIFLAGIBloSIVPfP(M)o51TEMP(8)o 

1<;TPRESI8l oSIENTH!A) •SIVISC!!ll oSITHK !Al oSILZI~l oSIVZ(~) o 
ZSTMOLF (H)oSICOMP!?OoHloSIKVI20oHl 

-----,-C71!1IDM MOl\f/5TIIOUT/5lJHTI"f rH lo,;nn_ liU Cllf-,-<;UVPf1IT8To~TEli!PP ntr!)r,:--
ISOPRfSIBloSOENTH!HloSnVISCIAloSOTHK(HloSOLZIAloSnvziBlo 
?~OMOLf!BloSOCOMP(20oH)oSnKV120oHl 

c 
c ****** 
c 

!JTME"'<;TOw-"S!DUM l!lo I 1) oSO!JIIM ( Bo 11) 
EOUIVALENCE ISIOIIMoSINUMloiSOflUMoSONUMl 
on 7 1=3o11 

7 !DIJM(3oll=SIDUM1l•ll 
IFISIPPESill.LT,fOPAP(2oNFll GO TO I 
GO TO 2 

"" ~-~-N.....-.---· 3 FtWMAT (JOHO*** UPSTREAM PRESSURE TOO l0Wo/14HOE0!1TPMENT NOoo 141 
DO A 1=3,11 

8 SOOUMiloll=SiflUMiloll 
flO 5 l=loNOCOMP 

5 snCOMPI!oll=SICOMP(Ioll 
Go Ttl ----------------------~ 

2 <;AVE3=fOPARI2oNfl 
S!PRESill=SAVEJ 
EOPARI?oNEl=O,O 
CALL Af1Hf 
EOPAPI2oNEl=SAVE1 

1> lYo_9_T"3011 
9 5!DUMil•ll=SIDUHI1oll 

RfTUPN 
E"JD 

0'1 
-..! 



c 
c 
c 
c 
c 
c 

StiRPOtJT!'-IE ADO! 

C"FSS fll\IIPM~_NT <;liRI>OIJT!Nf 

w"TTTnnrr ---1-f;A; W.iiiLTF"<: -
MC ~A~l~M \INIVEPSITY - IQhQ 

C HF'-IC.<;TERECK~<; APPROX, P<;f.IIOO-RINARY OISTILLATTON PROCEDURE 
C E"PLOY<; EFFFCTIVF ~FY<; • l!SES RELATIVE VOLATTL!Tif'S 
C STA(,f l>f'll1IPFM£NT<; Al>f CAl CULATEO f~nM S!OPPFLS "fTHOD 

-c------
c 
c 

c 
c 
c 

ooo•o• COMMON OFCt< ........ 
CO"MON/FOPA/f'llPARIISoSO!•'-If"'AXoMAXfOP 
COM~ON/CONIL/NINo'JOUT,NOCflMPoNEoNEN 
COMMON/SHIMIN/o;)~IIJMI81 •STF"I.Ali(Hl oSIVPfR(H) •SITE,..P!Hl • 

--l"'1PilES!RloSTHJTl·HRloSTVl';r:lRlo'>TTHKHl1 oSTl71RloSTV£TRlo-· 
?S!MULEIRioS!CO~P(?OoAJ•SlKVI~OoHI 
Cflf"MON;<;Tf"Ol!T/~O"'tJMIHI •Stli"LAG(Ill o<;OVPI'I<(Ill oSilTfMP(Al o 

l<;llP'<f<;(Hl oSOfNTH!Rl o<;OV!Sf':(Al o<;OTH~ (HI oSOll!Al o<;flVZ!Al • 
?<;OMtlU (I<) o50f0MP!?Oof<l o<;OKV(~OoMl 

COMMON/P'<SV/TtlPI?OioHOTI20l 

C fllUTPMf'NT PAPAMETFR LT<;T 
C I, NODE NU,..HFR 
C ?, PFF"I.IJX PATIO 

- --c----- 3 • . "llTMR1:11 Of" TOFAI. STAGrc;· !l'rl>n:r;--~CTlmf-----
C 4, Nti"Hffi Of IDFAL STAGF<; IN STIJ!f', SECTION 
C 5, ~n!I!TTON TOLFI>A'-ICF ON NUMREP Of <;TAGE<; 
C ~. FSTIMATFO LI~HT KF"Y M'lLf FRACTION·- OfSTILLATE 
C !, F<;T!MATFD HEAVY KFY MflLF FPACTIO'J - n!STILLATE 
C H, tSTl~ATfO ll~HT ~FY MnLE FRACTIO~ - HOTTOMS 

- c---------q. F<;TTMATtD HFAVy-JITT '-fnt_F""rRACTTOW·---.. -AOTTOMS _______________ _ 

C In, li~>H KEY SU'-<<;CPIPT NIJMHE.~ 

C II, Hf AVY KfY SUR<;CR!PT "IIMHER 
C O;>, Mnnf OF OPFRATION-

c 
c 

c 

c 

AT THF!f.l RURHLE • OFW J.>O!'-ITS RESPECTIVELY 

Ol~ENS(0'-1 OUMI!) 
OIME'-IS!ON IKVI?O!oH~VIlOl 

O!MfNSI0'-1 fFEOI?Ol 
nTMnlqMJ A!PHA!?OloORLNf"?Or
ll!MfNq0'-1 FACT!?! oTSV!i') 
FfJtJJVMFtKE IFt::fOIIl•~lCO"I-'IIolll 

()IIA!J I A oH •C I= I <;rJMT IA••;>-4,•A*CI I I I;>, *A I 

-~p =Tll~TZO "riitl 
T~f.l=fOPARI3oNFI 
TI>S=HJPAR 14o"SF I 
Tnt P=Fili-'ARI'i••JFI 
YI=HlPAflll>o'Jf 1 
Y?=F11PA1>(7o'Jt I 

------X1 =f()PAR {!loNfl 

X?=f\H-'A~(Q,r-,FI 

NLK=FUI-'Af.I(!UoNFI 
"HK:f(IPAR ( lloNF l 
IMOOE=FUPAMII?oNFl 
Oll=HIPARI!JoNFI 
!'l=FOPARil4oNfl 
H:fflf'AIJ (I ~oNf I 
NlOill-'=?0 

c 
SOP~FS(( 1=S!PI-IFSI l 1-2, 
'iOP"fSI?I;S(PRf'illl•2, 

-----~---<;r'\PRFS !71 ='S TPPFS rTT~Z, 
<;nPPtSIAI=Slf.''IFSill•<', 
TSVIII=SOTE~i-'lll 

T'iVI?l=SOlFMPI?I 
SOTFMPIIl=SlTFMP!Il 
<;OTFMI-'I?I=SIIFMI-'fll 

----~llTT''P(7) =<;TTFMPfl r·· 
SOTEMPIHI=SITFMP!Il 
StlVP~ o I I I= I, 0 
SOVPFRI2J=O,O 

C O, fEED • REFLU~ '<ATIO KNOWN SrlVPfRI ll=I,O 

c I, l KNOWN- CALCULATE REFt_U~ ~AlTO snvP~PIAI=O,O 
· -z,·-vmw-ll"liiTTWlll--' 01:-ctJrJITt"REFl.UX RATTO----- -----1lf\ J -T£l.NOCOJ.IP _________ ------

t; 13, STORED VAlUF FOR OQ <MODES I. • 2, ONLY! TOPI!l=O, 
C 14, STORFO P~EVInUS VALUf Of 0 3 HOTI!I=O, 
C IS, STORED PMfVInUS VALUE Of A C oooooo 
C It>, CO~Pt!TEO TEMP, 0"1 THfflP, PLATF 7, 7 C CALCtii_ATF: 0 VALUF"(f'lll!IV. TO VAP, fRACol fOR ACTUAL ff'EO 
C C IJSf THIS VALUE FnP !HI' PSflllJO-IliNARY 5Y'>TF:M 

--~-<;Ul1lffi\JTTI'Jtl~-l\T-,RF.'>FNI"SETUP--TO·-o;[CflUIIrRot:F-'F1Jlli"S------------c-- --- --. - ------------------------ ----------------------------
C '1'-1 I>ROOUCT LIOt!TO • VAPOR STPEAMS . lfiiMOflf,(;T,Ol G() TO I 
C THE ASSUMfO MOLf FRACTIONS Of THE KEY<; 1'-1 THF" PRODUCTS ARE USED CALl llFWTI-'IIoOWToTKVl 
C TO 1'-IITIALT<;E THE CAI_CULATIONS CALL AUATI-'IloART.AKVl 
C CnNSTANT LlllUIO • VAPnR flOWS IN EACH COLUMN SECTION ARE ASSUMED SAVV=SIVPFR<ll 
C FOP -CALCULATION Of TnlAL P~OOUCT fLOioiS <;AVT=STTFMP(I l 
-~HF CA(CULATTON PROCEOURE IS RASEO ON THE LOr., RF"LATION S!VPF"PIIl=I,O 

C 4ET~fEN 0<11/lllll AND ALPHAI!l WHERF- ~lTf"P<Il=DWl 
C Olll=VIIl-Lill CALL fNTHIIoHVoOIJM) 
C R<ll=LAAP<Il-VRA'l!ll STVPFPIII=O,O 
C K-VALUfS ARt CALCULATED FOI-l LIOUIO • VAPOR PDODl!rT STREAMS STTEMPI!I=HHT 0\ 

en 



CALL fNTHCitHL•OUMI 
51 VPHI (}I =SAVV 

TOPIIl=fEEOIIl-ROTIIl 
Os[lo TOP (I l 
R=fl•ROTIII 

R CnNTINUf 
5 !Tf'MP I 1 I =SAVT 
OQ•ISIFNTHIII-HLI/IHV-HLI 
fOP AI< I )3·NE· l =00 

--~~----- ------------------------------ ----~ _ _:~ --i------c(LCUI:nt· CRIIICAL (I'HO/RIJS 

c 
c 

CALCULATE KEY MOLl' fLOWS roR~fSPONOING TO GIVEN o.tOLE FRACTIONS C 

fOPARI!?oNf!=I,O 
R=IFEfOINLKl-Yl•FEEOINHKI/Y2!/(~l-~2•Yl/Y?) 
0•51MOLE1ll-k 

c 
c 

Gl'fll}"Zi ···------~ c 
IFIIMflflf,GT,ll GO TO? 
fflPAIJ(!2•NEl=2,0 
GO TO 4 

2 EUPAIJ(l2•Nfl=!,O 
4 TrlPINLKl=D•Yl 

-----TnPfNHIO •O•YZ . 

c 
c 
c 

c 
c 
c 

HOT (NLK!=B•Xl 
HOTINHKl=tl•X? 
IF!IMOOF,fQ,Ol Go TO ~55 

CALCULATE APPROPRIATE SATitRAT[[l PffLIIX FLflW RY MA<;'i • ENTMALPY HAL. 

II=IMOflf 
A55!GN 121 TO JRFT 
50TfMP(!Il•TSVIlll 
GO TO 120 

1?1 PFLllw=<;IMOLflll•l l-OFt OW 
------~·rn=n•r 

~'iS CONI lf;lJf 

CALCULATE INITIM ALPHA VALUES HA5ED ON A«;SUMfD Kf¥5 ONLY 

A'i51GN S TO N~ET 
~-----~-r.n ·To··I 0"00 

c 
c 
c 

5FT UP LINEAf.l LNCO/Rl vs LNIALPHA) RELATION 

5 51. OPf= ( ALOG I TOP ( NLI() /BOT INLK I) -ALOf.C TOP (NHK) /!lOT INHK l l) I I ALOG I ALPH 
IAINLKll-ALOuiALPHACNHKlll 

~---li:TNT'<J!Tm;TTTJVf111H!r17lmTTliiRIITr•TaUTGTAlPI<A fNHKlll•<;t OPF 

c 
c 
c 

NIT=! 
!CAL= I 
000000 

HEG!N NORMAL CALrULAT!ON MOOU!E 

- ~li"CCUI""II"TrUHTI7R1TS"TOR "liTl.--cOMPS-nmM" THFTR AlPHA IF'S 
c 

c 
c 

6 00 7 l=l•NOCOMP 
7 0RLNII!=5LOPE 0 ALOGIALPHAIIll•XINT 

CALCULATE AtS • OtS FOR All NON KfYS 

0=0,0 
H•O,O 
00 A l=loNOCOMP 
HOT I! l =ffEDI I l /lfXPIDHLNC II) •I,) 

c 
c 

c 
c 
c 

c 
c 

c 
c 
c 

O~Cl =OAL N (NLK l •, 7* WEIL.N INLK l -OBLN INHIO l 
DMCH•OHLNCNHK)-,7•10Hi.NCNLKl-OALNINHKll 

Oi.CIJL~TE KFY PO!>! ION~ FOP 'LIGHI NON KEYS • <;UM FOR Eff'ECT!VF. LK 

AINFL=HEIJINLKI 
H{Nill=TOO (NLK) 
HINHL•ROf INLKI 

tl•"'l.K•l 
IFI!l,FU,Ol GO Tn IS 
i'\r\ 10 T=l·TT 
II - IF LNI!l/HI J<; Lf<;S THAN CP!T V~LUE INCL!JilE WHOLLY IN LK 
II - IF G"fAHR ("ALCULATF 1-'0IITION TO HE !'ICLuOEO 

I r I llfll N II l -OHCL l I I , I I , I<' 
II AI=Ffflll!l 

A?• Ill» II I 
A1=fH11 I I) 
~tn TO I l 

II Ar=HVTIIl*f~PIORfLl 
AJ=O, 
AI=A? 

13 HINFL•R!NfL•Al 
flPlOL •R!Nl1l+A7 
HP,HL=HINHL•A I 

10 C0"1T!NIIf 

"FPFAT ~01> HfAVY NON KfY5 ~IMILARl.Y 

15 11niFH:fffO!NHKI 
iJ:lNDH=fOP(NHK) 
Hft-!!•H1=!·HIT (t..IH)o.,l 

I I •'lHK•I 
IFIII.f·~.NI)(OMP) (,0 In 21 
llll ?O t = t l •NO(O~P 
11 - IF LNintAl rc; MFATrP THAN C"TTYCAL IIALiif fNtLUDE W~OLLV TN HK 
IH - If U'iS CAl f'lll AIF POol ION TO HE I''CLIJOEO 

IF COrlCH-OHLN( I l) I 7oi7.1H 

17 A!•HFOI!l 
A?• {tiP Ill 
A l•Hlll I I l 
(,(\ TO l'l 

Ill A?=O, 
A 1=TtJP (I) •fkP c-Of>CHI 
A)zA] 

19 RINFH•HINFH•Al 
HINflH=RIN!lH•A"i' 
A!NHH•AINAH•A3 

?0 CONTINIJf ...... 
CALCIJL ATE PA!>AMETfRt; FOP HfECTIVF: AI NARY 

• 

0\ 
\0 



?I XF•~INFL/tRINFL+RINFHl 
XO•BINOL/tBINOL•AINDHl 
XW•AINAL/tBINHL•~INAHl 
Rl•ALOGIBINOL/AINALl 
H?=AIOGIHINOH/AINHHl 

-------."''l•TIPTlt<l-lfrnTTTS[1JP~-----

HV?=FXPttR?.-XINT!/SLOPEI 
HVV•HVI/PV2 

C HVV I~ THE NOHMAt l~fn RlLo VOL, OF THE EffECTIVE LK 
c •••••• 
C CALCULAT~ RATIOS TO JMP~OVE RfLo VOL, EST!MATF~ 

·------r---~LCOLAIE RATIOS tORR. 10 IHE CENIRES Of' IHF_ REtt. ~.~. 
C tJ~E GEOMEI~IC MfANS 
c 

EWI=TRP/tTRR•TRS! 
EX?•I,O-EXI 
ALffll=tiTKVINLKl••EX2l*IAKVINLKl••EXIIl/I(TKVINHKl**~X2l•tBKVINHKI 

·---:-p<•EXI n 
ALFTP•TKVINLKl/TKVINHKl 
ALfAT=HKVtNLKI/AKVINHKl 
HVP•SOPTtALfFil*AI FTPl;ALPHAtNLKl 
~VS•SURTtALffD*AI FRT!/ALPMAINLKl 

C ,..ooooo 
C NOw APPLY STDPPFI <; CALClli_H!ON fOP T4FORETTCAL STAGES 
c 
c 
C CALCULATE PEfLUX PATIO 
c 

!f(IMOOE,EOoll PP•HfLOW/0 
-------rnr .. omc.n.cr R1>"'1 n:rno.r•-stMot"n•stVJ>rl>tt n nn -t .o 

c 
~1=1-l~•l. 
Rli=I,/PI 
!li=I.-ao 

C CALCULATf INTEPSfCTIONS ·-r---- ------ ------- ------------
c FFFD LIN~ • PFCT OL 
c 

PV=RVV 0 RVP 
XO•IXF/OO-XO/Rl!/tPR/PI•OI/OUl 
YQ=XO*PR*~II•XD*PII --·-c----- ------- ----------

c fDUIL LINE • RECT OL 
c 

RV=RVV•RVR 
5~=RH*PII 
XNT=Hil*Xll 

------~~~STGN Q4-llr-KTm-

-~ 

Go TO 91> 
Q4 XF=AA+QlJ 

Xn•AA-QU 
Y<•SS•XE •XNT 
YO•S~*XO•XNT 

C fOUIL LINf • STRIP OL 
c 

PV•PVV•PVS 
S~=IYU-XW)/tXO-XWl 

XNT•XW•tl,-551 
A~SIGN 95 TO KINT 
GO TO Q6 

QS XFD=AA•OU 
XOD=AA-UU 

-----------yf"D="SSllxnT•·x~----

c 

YOD='iS•XOll•XNT 
!FIYU,GT,YEOlWPITFtl>oAS!lPR 

RSI FOMMATI*OHfLOW MINIMUM PfFllJX - Rq=•·r,.J, 

C ChLCIJLAlf TH T~ 
c 

c 
c 
c 

c 
c 

c 

,.,, 
"" /,I 

"1 
f>A 

"" "~ 

"" 

TM=At0f,( I tXIl-YO!* IXf-X0))/1 tYF-XrJ 1•tXtl-X0)) )-/ALO(';( IYO*XE)/IXO*Yf)l 
I~=ALOGttiYQ-YODI•tXfO-XWli/IIYf().YQI*IX~-XOOI)l/ALOGIIYOD•XErJI/IX 

!Of»YFD!l . 
OTRAY=tTRH•TPSI-t!R•T~l 

l<hT~=TPM/TR 

l>AT<;=TPS/TS 

CONVf 1->f,fNCf POIJT I NE 

(;() rt) (" h~7) • I CAL 
lfAt=l - (HANGF ~OTH 'LOPF • INTE.,CEPT 
!CAL=? - CHANGE !NTfWCEPT ONLY 
!ftAH~tOTRAY!-TOI Plt'lool>4ol,'> 
IF IAA,ti<ATI-I-1,1-tTOI P;t?, 0 TRRllllllo8lo"l 
!CAL =2 
c,o TO 71 
If I A'<~ I IJA T R-1 , I- I T Ol P 1 ( <', 0 T R~ l l l I, A o "A o l>b 
!ftAR<;(OTPAYl-Til!PIA!oAJ,"9 
lfAL•l 
AA=ALOht~INDL/HINAHl 
CC=tAA-XINTl/SLOPf 
~iOPf=,LOPf*IT~RoTR,I;ITR•TSl 

XINT=AA-~OPF•CC 

r.n Til 10 
CC•XINT 
Nf~ VALUE OF XINT FRO" •RfGLIL!-fAL''il* 
XTNT=IXXNI 0 1RATR-J,l-WINT•ll>TP-I,li/IRATR-RTPI 
XXNT=rr 
IJTR=«ATR 
r.n Tn 70 

71 XXNT:XJNT 
IJTP=RATR 

C SFCONO STARTING VALl~ Of X!NT FOR •PFGULI-FALSI• 
XJNT=XINT•HATR e 

c 
---c-·----cALCtJLAIT Nf"w Ktv 5Pln-s-------------

C 

c 

70 llRL=~LOPE•ALOGIAI PHAINLIO !•XINT 
OPH=~LOPf•ALORIAiPHAINHKil•XINT 
HOTINLKl•fEEDINLKl/lfXPIURLl•lol 
HOIINHKl=Fff()(NHKI/(EXP(ORHl•lol 
TOPtNLKI=FEfOINLKl-AOTINLKl 
TOPINHKI=FEfO(NHKI-AOTlNHKl 

C CALC~ATF A NEW 'ET OF ALPHA VALUES 
c 

......., 
0 



A~SIGN AO TO NRET 
(,0 TO 1000 

80 N!T•NIT•I 
lf!NIT,Gf,NLOOP) GO TO 90 
GC' TO f> 

c 

CALL RURTPC•7oRAToTKVI 
T7sO ,5• C H!H +IIWT I 
lfCIMOOE,EO,?l EOPA~CiboNF"i•T7 

C CALCULATE OVERAll. COLUMN HEAT HALANCE 
---,ACTt-rC'·I\NTTJij\Jt ---.:------- -----·-----·------~--------------~----

C oo•ooo 

C CALCULATE fiNAL PRODUCT COMPONENT MOLF I'LOWS 
c 

OFACT=RR•I,O 
c 

-c---mrTHf. t- I f.(.., T APPL I CA f h HJ hF IRE MOD£[ AS'iUMt A I 0 Pt RCENT INC~ --
C IN OVUlHEAD VAPnR fLOW IItlE TO Ll<lUIO llfft_U~ fLASH•OI'f 
c 

lfCIMOOE,EOoOI OFACT•OfACT•I,I 
RFACT=<D•RR•SIMOLfC11•C1,0•S1VPfRCIIIl/R 
00 A? T•loNOCOMP 

---------;nDWV!T oil =nFACT"TOP'Til
Al ~OCO~PI!o21•HFACT*BOT!II 

~O~Ot f. C I) •0°()F ACT 
~OMOLfC?l=B•HFACT 

c 
C CALC~ ATf PRODUCT TFMPfRATtmES • ENTHALPifS 
c 

AR CALL 0fWTPI•1oSOTEMPCI!oTKVI 
CALL RUHTPC-2o~OTfMPC?IoH~VI 
CALL fNTHC•IoSOENTHCII•flliMI 
(ALL fNTHC•2o~OENTHC?IoOUMI 
IFCIMOOE,fO,OI Gn TO 130 

---c------
c AOJU~T PRODUCT ft OW~ FOR fLASH•OFF ON TOP o ~OTTOM TRAY~ 
c 

fi.OWI=~OMOI.[CI I 
fLOWl=SOMOLEC21 
A~SIGN 1?2 TO JRf.T 

---- --uo 1?'5 TI=To7-
&0 TO 120 

122 ~OMOLfCI!l=SOMOLFCIII•fACTC!Il 
00 124 l=loNOCOMP 
~OCOMPCiolii=SOCOMPC!oiii•FACTCIII 

1?4 CONT1NU[ 
--~----· --r r r='"Tr- --------,------ ---

CALL FNTHCII!oSOfNTHClllonUMI 
I?!> CONTINUE 

c 
C CALCULATE TEMPo • COMPo ON TRAY 7,7 • U~E KfYS ONlY 
c 
~s t t TO*XE J7TXO*Yf J J wwr-;;------------------~-

X7•CHB•YE•CXQ•XOI•YO*C~E-XQII/C~~·CXQ-~OI•(Xf·~Qll 
00 777 l=loNOCOMP . 

777 SOCOMP!Io71=0, 
<;OMOLFC71=1,0 
~OCOMP CNLK o 71 •X 7 

-------- ~OCfJMP<NHKo7J:J,-1C7 

SOPRFSC71=SIPRF5Cil•lo 
SOVPfR C 71:1,0 
CALL nFWTPC•7onWToTKVl 
SOVPFR !71 :0, 

c 
c 
c 

c 
c 
c 
c 
c 
c 

c 
c 
c 

c 

QIN•~IfNTHCII•SIFNTHC?!oS!ENIHC)I 
!JOUT=~OfNTH!II•SnFNTH!21 

0 l N=<l I N•l, E•<'> 
QOUT=OOUT•1,f•b 
<)(;A l N=!JUtiT •0 IN 
II~ TTcri'> iTUR!Tl'lODf oRih T r o!lTNoO<aT'l' 

108 Ff1PMATI/1H •4Jil~*)/2H ••TJ,~A.4•rq.J•5~•lr7.3e3H 

Pt ACf VALUE<; HACK IN FQU!P, PAR, LIST 

fr)PAo<C?oNf):PR 
F"OP4R (6 o"if'l =ToP (NllO II\ 
tUPAUC7oNfi•TOP(NHKI/O 
fr~AW(R,Nf):h()lfNLK)/R 

FDPAW(Q,"Jfi=ROT(NHKI/R 
fOPAI>( 14oNFI=Il 
fDPA»11'>oNfi=R 

'<>r Ttii>N 

!OJTfi<"JAl fUNCTION TO C"ALCIILATf ALPHA VALUFS 

*/IH oioJCIH*I/1 

~-VALHf~ CALCllt ATfiJ fnl> PI>UOUCT 5TI>EAM5 AT H!IH,/()WT, POINTS 
At ~HA VAL!~~ THf"J fOUNll FRO~ GEOMFTRIC MEAN 

1000 '\IIMT~o):Q,O 

Slllto4Hf=O,O 
00 R'> I= loiii!ICOMP 
~OCO•PC!o71•10PtTt 
~OCO~P(t,A):MUTfT~ 

SttMTP=<;UI!TPoTOP ( T l 
A5 '\UMHT=t:ilJM~f•HOl(T) 

<,OMOt_f I 71 =~ttMTP 
~OMOLfCAI=S!IMHT 

CALL OfWTPC•/oOWToT~Vl 

CAt L HtiHTPC•MoRHToHKVI 
Atf=SONTCTKVtNHKt•R~vtNH~II 
00 At> 1=1•NtlC0"P 

Rt'> AI ~HAC I I =Stli'T ( TKV (I I •HKV (I 11/ALF 
GO TO NUFToCSo~Ot 

!NTfi.INA! ftiNCfiO'J TO C"ALC, HJ\J1L, • QP, L!Nf INTfi>~ECTIONS 

9~ AlsS<;•CRV-1,1 
A?:<;<;oXNT•CRV•1,1•RV 
Oll• !StitH !Al••i',.4,•A1•XNTII/C2,•A1 I 
AA:,.o ,<;• A2/A I 
GO TO KINTo(94o9<,1 

C IIIITHINAL FUNCTION TO CALCtiLATf fLASM ON TOP OR ROTTOM TRAYS 
c 
C CAtCULATF: APP"O~, TO ~PECTFIC ENTHALPY OF SAT, Rfi'LU~ 51RfAM 
c 

-...! 



c 
c 
c 

c 

120 VSAV•SOVPfR!III 
lf!ll,fO.II SOVPFR!Ili•O, 
If! llof0,2) SOVPER! !I) •1. 
111•-1! 
CALL ENTH<itt,HSAT,QUM) 

HSAT•HSAT/SOMOLE<IIl 

CALCULATE CONSTANT Of PROPORTIONALITY AETWEEN GROSS • NET PRODUCT 

fACT!III•!SIMOLf!II•I)-SifNTH!II•I)/HSAT)/(SOMOLf!lll-SOENTH!II)/H 

DfLOW•SO~OLE!IIl•<fACT!IIl-1.1 
GO TO .IRET• (12ltl22> 

90 WOITEf6,'524JNE•NI.OOP 
S24 FnP~AT( 0 0COLU~N MODEL•NE= *•12•* NO CONVERGENCE ArTER *•12•* LOOPS 

---T->'~VAl1JLS""ID:-~ 
GO TO 81 
END 

StJAROUT!NE ADD2 
c 
C CHESS fOUIPMENT ~UAROtJTINE ' 
c 

T - ~- \o/RITTFN B~ M,,..-;- MENLITS 
C MC MASTER UNIVERSITY - 1969 
c 
c 
C T"IS SUBROUTINE ~PLIT~ THf INPUT STREAM INTO TWO OUTPUTS 
c 
C ~HF" COl-lPONENT--FTl"f'fil'"s-T~F IRS I I}OIPU~ ~ EOUAL TO--THE 

C COMPUTED NET fLOWS fROM THE COLUMN MODEL 
c 
C fOUIP•fNT PAPA•ETER LIST-
C 1. NOOE" NUMAER 
C 2. STREAM NUMRER Of fLASH DRUM VAPOR ~LEEO-Off 

,--,.-r...---rup-pRunvt:r 1JTV~,--o-;-~n--HUTTim1"RT1!7tJC<1TTVTIJER 
c 
C ****** COMMON DFCK 
c 

CO~MON/STMA/SEXT~V(2J.l00)tSlNTSV(l0•l00)tNS~AX•MAXSf.XtMAXS!N 

CO~~ON/EtJPA/FOPAP ( 25 • !=)0) • NEMAX • MAXEQP 
CO~~ONtCdNTltN!N.NouT,NoCnMP.NE•NEN 
COMMON/STRMIN/SINUMI8) •SYFLAGUD •c;IVPFR(8) •STTEMP(Hl • 

lSI PRES tHI •5 If_NT~tA) •STVISC U11 •51 fHK tfn •SILZ (A) •STVZ (H) • 
?5 !MOLE t A I •5 ICOMP t 20 tB I • S !KV (20, AI 

COMMON/S P-I OUT /SONUM (A I , SOFLAG ( !:i) • SOVPFR p.q • SCHfMP ( 8 l • 

___ _;1;;,S:_;,O~{i~~;~g~~~;~~~~~~~~-:~~K~-~-~~~~~~!_!_~9.:!___Z -~ ~ !-~-·----

c 
c 

COMMON/PRSV /TOP t ?0 I , ROT ( 20 J 
COMMON/S YSC/L t MIT • LIM T T 2 •l I M I.TJ •LOOP •LOOP$ 

~Cffi~M~(TI') _____ __ 

c 

DIMENSION SilDUMtR•Sl.SOIOUM(AtS) 
E!1UIVALENCE ISINliMt$1 I DUM I • ISQNUM,SQIOUMI 
NFL S=EOPAR ( 2, NE I 
IS\oi=EQPAR(JtNEI 

~AS lOP PRUUOCl DIVIDER IRE AMOONI REMOVFo--~ 
C MUST HE ADJUSTfO TO TAKF ACCOUNT Of THE VAPOR BLEED-Off fROM 
C THE FLASH DRUM TO ENSURE MASS BALANCE 
C I. f, f! RS T OuTPUT • COMPUTED 0 - ALEEO-Off 
c 

-----<:~~~H~~~~ 
tFtlSW,NE,l) GO TO 3 
DO 20 I=l,NOCOMP 
SOCOMP( lo1I•TOP ( T 1-SEXTSV ( 1•3·NfLSI 
SOCOt<~Pt I •21 =SICOMP(l •1 1-SOCOMP(l,l) 

---,2"0_,~g~~~-~ g.: ~~~~g~~ :-}:--:~g~g:: ~~ ~; !~---- "----~--·---
G0 TO 22 
DO 21 1•1,NOCOMP 
SOCO>'r ( T o1I•HDT (II 
SOCOMP ( 1, 2) =c::; I CO!<"'P (I, 1) -c;OCOMP ( J, l) 

SOMOLE<II•SO~OLE!1l•SOCO•P!I•1l 
21 SOMOLE!21•SOMOLE!2l•SOCO•P!I•21 
22 no 1 J=1•2 

on 1 1•3·5 

0 

'- SOIDUM(J•l) :;Sl JOIJM ( 1' T) 
------~~C,ITAL~~To,Tm~-------------------------------------

CALL ENTHC-2•SOENTH(2l•DUMI 
RFTtJRN 
END -.1 

N 



c 
c 
c 

SUBROUTINE AD03 

CHESS EOU I PMfNT <;UAPOt!T I Nf 

---~---.....,TTTFrrRT-;;;--v~.,--------------··-

C ~C MASTEN UNIVEPSITY - 1969 
c 
c 
c 
c ---c 
c 

THIS Pflt!Tl'4E ~ODfl S A SINr.LE STAGE VAPflR COMPRES<;OR 
THE COMP~E SS I 0'< I<; A SSUMF:O P..;O.:_:I._Y_T_R_n_P_I_C _________ _ 

·---T;~·\1>-I>Vnn>GAMMA = co·.~ 

C EOUIPMFNT PARAMETFR L!ST-
C I. - NODF: NU,.8EP 
C 2. - Of<; I NED OttTI FT PRf:SSliPf - P'i I A 
C 3, - POLYTROPIC COMPRFSS!ON COEFF!C!F:NT 

--c·-------4 • .:.- PJT><ALPY CHhNGE - M~ RTU/HR 
C S. - VOLUMETN!C INFlOW Mrf/HP 
c 
c 
c 

...... COMMON I)I'CK ........ 
CO~MON/SY50/KfFLAG(50) •KSFLAG!IOO)oKTRACfoDEPRORoNPFRFOo!PUNCH 
C0M~ON/EQPA/[OPAPI25oSOlop;(MAXoMAXFQP 
COMMON/C0'4TL/N IN • NOll!, NOCO"'P • Nf • NFN 
COMMON/STRM!N/S!NlJMIH! •SIFLAG~6l oS!VPFiliMl •SITEMP!Hl • 

!SIPRFS!Al oSIENTHt~l •S!Vl<;C!8l •S!THK!Ill o<;ILZI~I •S!Vlllll • 
2SlMOLflAlo5TCOMPt20oRloSI~Vl20o8l 

COMM0'4/STMOUT/S0Nl/M(H) oSnrt A(,18l o<;OVPFP(Hl oS<'lTfMP!Al o 
--------,soPR!""S P'll oSOFNTHT!IloSOVTSCllll'o')OTHK PI! oSOll!~l• <;nVZ'!Slo 

7SOMOLF (8) o50COMP!20o8l o<;OKV 120oRl 

c 
c •••••• 
c 

IJT>o!fNSI0'4 fJU>!ll) 
---c-+-·--

c 
F!ToP)=l IZZ•T) .. GAMJ•!P••r.AMll 

00 I l=lo'40C0"P 
SOCOMP!loll=SICO~Pli•T l 
SOMOLElll =SIMOiflll 

---- so\lp,..-1/fTT:sTv'llF'W.i n-- ·------·--- ----·--· 

c 
SOPRESlll=EOPARI?oNEl 
POUT=SOPRESI!l 
PR=SOPRES!ll/SIPPESIIl 
GAM=EQPAI-Il3oNEl 

-----7-.,A>Il =1-;~\,Kif .. --------·-------------~-------

CALL ZOENS!loZZoOUMl 
l!N=Zl 
Fl'4=r1SITEMP(llo~!PRE~llll 

c 
C MAKf FlllST ESTIMATE OF OUTLET TEMP. 

c 
!CAL=O 
TOUT=SITEMPlll•IPR*•O.l5l 

7 ICAL~!CAL•I 

SOTEMP!ll=TOUT 

c 

CALL lOE'451-loZZoflUMl 
FOUT=F<ToUToPOUTl 
IFIICAI.GT,Il GO TO 3 
T'iV=TOUT 
fPI-I<;V=FOUT-F IN 
ToVT=qTF)lP ( lJ 8 (!>r<"UU ;:151 -- - ----
GO Ttl 2 
f.PP=fOUT-FIN 
lF't!AilS!ERPl/FlN\,LT.!.E-41 GO TO 10 

C fST!YATf '4FW OUTtET TFMP RY NfGULl-FALSl c ·- ----·------------ -----------------
" = (TOll! •f"NSV- T'iV 0 fRP) I !FNRSV-HIR) 

c 
C Sfl frT 'lf'iT PIVOT 
c 

c 

!f(IAH'iiFN»)).GT,!AHS!f~I-I<:V))) t>ll TO 4 
T';V=TrlliT 
F P.!<~V =fl-IP 

4 TrltiT=TT 
GO Tn ? 

C CALCYLATE ENTHALPY C~AN5f 
c 

c 

10 CALL [NTH!-loSOfNTHilJ•OlJM) 
f()PAR!4oNfl=lSOF"TH!ll-SifNTH!lll•l.F-Ii 

C fALClll ATF VOLll"'fTP!C INFLOW 
c 

!""OPAP!~oN!""l~'iT~nr!""llJ•t,r-J•Jn,7J•Z'TN•StTrMP!IJ/~TPRFStll 
HF TlJIJN 
tNn 

....._ 

-....) 
VJ 



SUB~OUT!NE ADD4 
c 
C C'<ESS EQUIPMENT SUAROIIT!NE 
c 
C WRTTTFN BY - M,A, MENZIE~ 
C ~C MASTER UNIVFRSITY - 1969 
c 
c 
c 
c 

THIS ROUTINE ADDS OR.REMOVES A CONSTANT HEAT fLUX fROM TME INPUT 
STREAM • CALCULATES THE STREAM CONDITIONS AT THE NEW ENTHALPY 

C EOUTPMFNI PARAMETER [!51-
C I. -NODE NUNRER 
C 2. - HEAT FLUX I• FOR GAIN•- fO~ LOSSI - MM ATU/HR 
c 
C 00 * 00~ COMMON OFCK ****** 
c 
---rn~STI·fA7'SFX~T?J;iUU1 • S 1 N I SV t I 0 • I 0 0 f~)fUsrx-.-lifA~STN -· 

COMMQN/EOPA/fQPAPI25oSOioNfMAXoMAXEQP 
COM~ON/CONTL/NJN.NOUToNOCOMPoNEoNEN 
COMMON/STRM!N/SINUMIHI•S!FLAGIHI oSIVPfRI81oS!TEMDIIll• 

c 

lSJPRF'iiP.IoSJFNTHIAI•SJV!Sf:IAI •SIT><~I~IoSILZIIII•STVliAI • 
2STM0Lf1HioS!COMP120o81oS!KVI20•HI 

CO"lMON/<;T'"OIJT /S()NIIM fA 1 , SOrt .~G f R l , <;OVPFR f 8 l • SilTfMD f R l • 
!SOPRFSI81oSOENTHIMI•SOVISCIH!oSOTHKI81o50LZIMI•SOVZIHI• 
ISOMOLFIAioSOCOMP120oH)o50KVI20o8) 

c 000000 

c 
--·--m~m.r·-smu~nl<.l TT'o'>onmns-•• rr--

FQUJVALENCE ISin!IMoSINUMioiSOOUMoSONUMI 
DO 1 I=3oll 
SIDUMiloii=SIDUMII•ll 
SAVE=FOPARI2oNEI 
SIENIHI !I =SifNTHI l I •SAVE•J,Eb 

-----cllPA1H7oNE1'=0·~·- --- .. -----·-·-----
CALL ArlHf 
EOPARI2oNEl=SAVE 
DO 2 1=3oll 

2 ~lr>tJ"41loli=SlDUMI3•ll 
RETURN 
~ 

c 
c 
c 

SURROUT!"JE ADDS 

CHFSS EQUIPMENT ~URRmJT!Nf 

~lEN HY - ~~t~N7Z~IT~~~--------------------------

C "4C MASTER UN!Vf~~ITY - 1Qb9 
c 
c 
c 
c ---c: 
c 
c 
c 
c 
c 

·-c 
c 
c 
c 
c 
c 

IH!~ ROUTINE COMPUTFS THE SPLIT Of COMPRES~EO VAPOR HETWEEN 
PEHOliEM • TA!MMFR CONOE"JSfM 

·-· ~-THrV~[UF:-11tiRt SP[ l T 1-.. I HE CON fRO[ ---vAI':(J AA[ f F riP Sf$ If M CONVlRGt. 
W'<!CH IS AlSO HANOLE[l RY TH!~ AOtJINE 

EQU!f>MfNT PARAMETfl< LIST -
I, 
7. 
3. 
4, 

s. 

- NODE NUMHfR 
~PECTfTFn TtMP. ON Ptxn--·n ·nllr·convrnr.n~cr 
TN! Tl AL 'IALtJE Of Rff'OILE'I/TRIMMER ~PLI T 
TEMP, FRMOR FOR CONVE~GFNCE 

J, fOR PUNCHED \ONV, OUTPUT • O, OTHERWISE 

C •••••• COMMON OFCK •••••• 
c 

c 
c 
c 

c 

---c 

COMMON/SYSC/l!MIT•L 1M!T2•t !Ml T3•LOOPoL00f>S 
C0"4MON/'iTMA/SEXTSVI23oiOOioSINTSVIIOoiODI~NSMAXoMAXSEXoMAXS!N 
COMMQN/fQPA/fQPA~I2SoSOio~EMAXoMAXEQP 

COMMflN/CONTL/NINoNOUT.NOCOMPoNE•NEN 
Ct1"MON/STPM!N/ST"JUMI!IloSTf'lAG[!ll,c;TVPfRPHoSTTl':MP[!!l, 

1 <;!PRES I'HI •Sif'JTH IAI oS!V IS\ II\ I oSI THK I .HI •SILl 1~1 •S!Vl IAI • 
~SP«lLf IHioSIC0"4Pt20•~1 oSIKVItOol:ll 

CI1MMON/STMOliT/SONUMII:li•SOFLAGI81•SOVPfRIHI•SOTEMPI81o 
!SOP~F'iiAio~OF"JTHIAI oSOV!SrlHioSOTHKIAioSOLZIAioSnVZIAI• 
?~OMOLF (Hl.~OCOMP(?O•..!i.L! . .<iOKV (CQ•A) 

O!><fNqON SI!OUM I Ao! 01 oSO!DliM I R •I 0) 
fOlll VAt FNCE I~ I NIIM •S I!DliMI • I ~ONUMoSO!OUM I 
PATA CHf'iS•RfC/SHCHfS~o!H I 

IF ll OOP, G T, I I GO 10 l 
!p=EOPAPI5oNfl 
fiiNC=n. 
If I!I',FQ, I I WR!Tf 17ol051 

lOS fORMATI•LOOP SPLIT TFMP 
·------- NNFG=U 

NPOS=O 
!VAL=O 
XSPL!T=EQPA<II3•NFI 
TFRR=fOPARI4oNEI 
GO TO 23 

fi>ROR*I 
--------

C HAS fUNCTION CONVERGEO fOR ANY PAilT!CIJLAR X~PLIT 

c 
TFMf>=fQPAR(!bo21 
!CON=O -.J 

-!'> 



If !IVAL,"'E.OI GO TO l' 
TT:Tfi'P 
!VAL= I 
GO TO 1'1 

l' lfCIVAt.,NE,JI GO TO 3 
-----.-, ITVTlAL=<' 

GO TO 31 
3 fNCT=A~SCTFMP-O,~•CTLAST•TTII 

IFCfNCT,LT,CI.S*TI'RRII GO TO 4 
31 TLAST=TT 

TT:HI'P 
--~-"l>c'fll)T'l" 

4 IVAL=O 
flJNC=EOPARC2•NEI-TEMP 
WRITEC6ol071X~PL1T•fUNC 

107 FOR~AT(/ 0 SPLIT • Tf~P~ FRRO~*o2FJ0,4/I 
IFCCAR~CfUNCII,LT,TfRPI GO TO 50 

---r--~-~~~ ~~~ ~--~---

C , fiiNCT!ON HAS CONVfRC·EO fOR PART-TCtJLAR X'iPLIT 
c 

IF (fUNCISoS•7 
5 JFCNNfG,GT.OI GO TC 6 

NNEG=I 
XNFG=XSPL IT 
fNEG=flJNC 

6 IFCNPO~.GT,OI GO TO IO 
XSPLIT=XSPLIT•O,OJS 
r,o TO 19 

7 Jf(NPO~.GT,OI GO TO tl 
~~1'WTlS"'1 -~~-- -~ ---. -~~~-

XPOS=XSPLI T 
FPOS=FUNC 

8 IF CNNfG,GT ,01 GO TO IO 
X~PLIT=X~PLIT-0,01~ 

GO TO 1-. -----c--- --
1 0 IF C f UNCI II oil • 12 
II XI=XPO<; 

fl:fPOS 
GO TO 14 

12 XI=XNFG 
---~--,.1 =rNrr; 

c 
c 
c 

-----c-

CALCULHE NEW VALUE RY RfGLJL!-FALSI 

14 XSPT: ( XSPL IT•F 1-Xl*fl!NC J/ ( F 1-fUNCl 
!CO~= I 

IF (fUNCI l5ol5ol7 
15 !fCWJfG,GT.II GO TO )1', 

NNEG=l 
GO Tll I 'I 

16 IFCfUNC.LT.fNEGI GO TO 19 
XNF'G=xsPL! T 
FNEG=fl!NC 
GO TO 19 

17 IFCNPOS.GT,ll GO TO lA 
NPOS=2 

c 

GO TO 19 
18 !fCfUNC.GT,FPeSI GO TO 19 

XPOS:X<;PUT 
flPOS=fUNC 

-- -~----~-- .. -~-- ---T'fCONTTNLJt:" 

c 

lfC!P.fQ,Jl WRITFC7oiOIIL00PoXSPLIToTEMPofUNC 
)OJ fnP~ATCI3of8,4of)0,3ofB,41 

TFCICON,Nf,Jl GO TO l'l 
XSPLIT=XSPT 

7T 011 7t--::T"'1o7~ ---------------------
lfi.J,fO,ll XX=X~PLIT 

IF LJ,f(),?l XX:),-XSPL!T 
on ?O I=lo!O 

?0 sn I llU" CJ ol I =s II flll>< C l o1 I 
<,t1FNTH < Jl =s lf"<TH < 1 1 •xx 
<;Q,..DlfCJ1=5TMfllf!l1°XX 
llO r l 1 =I, NOCil~P 

?I SOCO~PCloJI=~TCOwP(loll*XX 

RfTU~t-.l 

50 (0PA~()oNf):A5PLTT 
WI> I H (1-,. I 0? I X SPi_ 1 T 

10? fOPMAT!!//lH ••SYSTf~ CO"'VfRGfD AT SPLIT Of *•FR,41 
CALL OVfRLAY((Hf'iS•4•0•PfCI • 
F,_,D 

-..J 
\Jl 



APPENDIX IV 

CHESS SYSTEM LISTINGS 

Listings 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 III. 

Subroutines ADBF and HXER have been modified for the present 

application and their original forms are not given. The remaining 

original equipment subroutines are presented here. 
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c 

CHEc:;S CifMULATJON SYCilEM 

C\/Ch400 OV~P(AT VU~~JON 

Pl-ffH;rap.~~c:; MAfNI:IO .. MA!~40 CORI-fF:c:;PQo.JIJ TO OVrPLAYc:; 00 .. 40 
~"Jfl HANOL.f THF OVE.P.IILL SffHI~NCJNG Of SYSH'M CAl CULo\TIONS 

PR()f,RAM ,_.A JNOO ( P•IPIJT: l O!'J 1 tOUTPUT t PIJNCH=tl 001 • TAPF~:= INPUT, T APEfiJ=OuT 
1 PttT • T APE7=PUNCH) 

C •••••• COMMON OFCK ---c-" ___ "-
COM,.Of..l /'iY'iA/~PM ( l 0 tSO l , Kc;EM 11t 100 It N3Mo\X 
CO~IroiiUN /SYSAA/T t TLF I 20 l tCOMPNT I 20 I tK.OMNAM I AO I 
COMMON /SY~R/Kfl fC)O l tNE 1 MAX tKF2 I 50 It "'E 2M AX • KF3 (1151} I tNF.:3"'1AXe 

1!'<F4 f 10 l tN~ l.fMAXtKPET •KPF.T;?.KUE 13 

---~g:~~~g~ J.~ IT!~~ 4~-~-~ ;"~~1T;tif6 °T'1 °i,, ~n;~~?i~rg~rSil, 0"f"'R"'RTIO!T0"01,N"'P"'f10R:t't O"Qo, \riP'tUmNrrtRH--
Co~~mJIFQPA/tOPAP f 2115 tSO l •'JF~AX, MAXFOP 
((l'•~MON /fQPR/NECf•Ll I ~I') I •NF XFON I SOl tNAMf ISO l 
COMMON/CONTL/NI N .NOUT ,NOCOMP,NE' • "JFN 
COMMON /5 TMA/SE X TSV ( l1, l 00 I , S T NTSV 110,! 00 l tN';MA.X ,MAX5[X tMAXSIN 
COMMON/STRMJN/S TNUM IRl • S !F'l Ali lrl l'•SIVPFP Uil •S J TE~P !HI • 

---·---~1"1TPRT-c;-p;~J •"'TENTH !Rl •'STVP>C' t8J-•ST'fHl'CfA1 t'")iLZO:f1 i"'S"TVltsr•--

c 

?<>niOLf. !8 I •5 TCOMP 1?0 • Bl•• SJI(V !20•8) 
COMMON/5 TMOUT /SONUM <HIt SOFLAG ( H l t';OVPF~ (H l tSOTF'MP I HI, 

1 ';OP~f<; ( 8 l • SOfNTH f t~ It SOV I <;CIA l • SOH~K PH t'50LZ IIH, SOVZ (8 It 
(I<;OMOlf f f-\J •SOCOMP ( ?0 •P.J •SOt<V < lfl' HI 

COMMON /PHO/APCt?Ol oATCt~Ol tAVC f~Ol,AMfrl 1201 tAOM€:(;(201 tADELt20l, 
lAVW (2'l I • APHf?.O I •8FT 120 l ,r.AM ( 201 tOT A (20 l ,f.XFLAG 

C()M"40N /KHSA.V/AA<;f. A ( ?0) , HASEI:l ( 20), ZCO ( lO I • AlO ( 20,1 
COMMON /HX'-15/NfSfiVf l?fll 
COMMON /MTST'II<;AVFXfltOOI t<;AVE01200I 
C()MMON /OVR/NRET 

_T_"_"_ 

c 
JNTEGf~ C0"4PNT,TJTLF 
LOGICAL EXFLAG 

CALL SUAOO 
----END--

PROGRAM MAINlO 
OAT A CHf.<)St RFC /~HCHF.~S, I H I 
CALL OREADl ----;i ~~~~~-~~-~ ::_~c~~~~-• 2. o. REr"~' ___ _ 

SUHROUTINE SU~OO 
OlTA CHESS•PfC /CiHCH[c:;S, lH I 
CALL OVERLAYICHEc:;c;,1,o,REC) 
PJfl 

PPQ(;PA!ol MA 1N20 
DATA CHESS•RfC /~HCHf~StlH I 
CALL COMPIO 
CALL TNI T 
LACL1lCRF:CKTT"En 
IFITRF.T.EO.OJ GO TO 1 
WRITE ltu2J 

2 FOPMATfl8H OCHECK ERROR-fXIH 
CALL EXIT 

1 CALL rwRINT 
--.--CALC OVf RLAt tCAF_SStJtOtREU 

ENO 

PPOGI-lAM MAIN30 
CALL SUR<;ET 
E~O 

PPOG~AM MAIN31 
COMM()t-t /OVR/Nt-.'F:T 
CALL "'15ft~ 
GO TO ll•ll•NRE'T 

---:--·-IcALL-'""PCYnV 
2 Ct.LL SFTOV 

EI'·.!O 

PPOGRAM ~A lN12 
COMMON /OVR/N~F.T 

CALL AntS 
r.n ru t 1 .21 •f'-11-lF:T 

~--·~1-CAU_-PCYOV -·---~---·----

2 ChLL (;,flf1V 
EMf) 

PP()(,t-IAM MAJN33 
f:O"''MON /OVR/NRfT 
CALL Al)lfo 
f.() TO (l•2)oNRfT 

----T CALL- PrVOIJ 
2 C/ILL <;F:TOV 

f"*\10 

PI<IO<t~AM "1AlN34 
COMMOI\f /OVR/N~ET 
CAll. An 17 
r,n TO ( 1•21 .N~F.. T 

-----,--r.1.LC 'HrY-ov 
2 CALL (;,FTOV 

[o..JO 

PROGJ.IAM MAIN1'; 
("OM"'10"'J /OVU/NRF.T 
Cll.t.L AI11H 
GO TO fl•2ltNRET 

---------y---c~t t.·--plYnv --- -------- ··~----------·--· 

2 CALL (;,fTflV 
E"IO 

PROGJ.IA"' ,_.A1N1b 
COMMON /OVR/NJ..lfT 
CALL Arllq 
GO TO (lt21tNRF.:T 

---T~-c~•~cc"P-r.Ynr--- ~--------------

2 CALL Sf TOV 
E'D 

PPOGJ.IAM !-!A IN40 
CALL A [PRNT 
CALL PTEQPT ( 1 I 
CALL Sl/ROO 

~-----urn--- -.J 
-.J 



c 
c 
c 

SUAROUT!N( AASR 

COMMON OFCK •••••• 

~MON/SYSO/REFLAG tSOl ~KSFLAGt I GO) tKTRACE•OERROJr,~,-Tl'UN~
COMMON/EQPA/EQPAP!25•~0l•NfMAX•MAX(QP 
COMMON/CONTL/NtN.NOUT,NOCOMPtNEtNEN 
COMMON/STRMIN/SI~UM!Al•S!FLAG!Bl•SIVPFR(Al,S!T(MPfAl• 
IS!PkES!Hl•SlE~THfRI ,SJV!SCfBI •S!THK(AI •SILZfAl•S!VZ!81 • 

-------2~5~~~~~;~:~~6T~~~~m~rnZ~;~:T:~:~~rrA;~~r.~<~~0n,~~~r:~~~~~JvnP~'~"n'~"n'~.~s~n~r~t~M~P<t~RTI~.-------------

c 
c 

tsoPRts<f\> •SOP.JTH(R) •SOVlS("IA.l •SOT~K(Al •SOt.ZP'',) •SOVZ (8), 
?S0~0Lf(Alt50COMP(20•Bl•SOKV(20t8l 

___ c=---~~-MEN~n----+---------------------- ---------
INTfGER COUNT 
LOfllCAl FLAG-
RFAL EOR(201tKSIZOl•LOVRV 
CALL 7fROIEQR,201 

• SOVPFPill=l, 
SOVPFR12):Q; 
llT:2. 
JF(S!TfMP!!I,LT,qTEMP!211 DT=-2. 
SQTEMP!li=SITEMPt2l •nT 
SOTEMP121•SlTEMPt21 
TfMP=S!PRESf21 

-------lTTSTPP'F'i'f1l-ot.o.-sTPRCS't2lT-Tf:M~tll'

SOPPES ( 1 l =TfMP 
SOPRFS!21•TFMP 
HIN~5IENTH1ll+SJFNTH(2) 

NPl=EOPARr2.Nfl • 1,1 
SOMOLFtli•SJMOLE!II 

---·----soMOt:FTZr=S!~Ot.TTZl------------------ --------~---- ----
00 2 1=1 •NOCOMP 
SOCOMPf!•li•SICOMPfl•ll 

2 SOCO~P<I•2l=SJCO~P(J•?) 

C4LL KVAL<ltANS·~~~ 
DO 9 COliNT=I•JO 

~~-----r~LL~~r.s~·~.~omu~PTI--~~~--~-

so~NTH<21•HIN-SOFNTHtil 

CALL TSUYH!-2•SOTEMPf?l •DIJMI 
CALL KVAL<-2•ANS,KS) 

c•• ARSOR8, ROUTINf ST~RTS HERf ••••• 
lOVRV•SOMOLEf21/S!MOLFfll 

--------,OM=rr;-- ------ ------------------------------------- ---------
Do 5 l=l•NOCOMP 
TEMP=lOVRV/KSf!l 
!F!TFMP,GT.50.l TEMP=SO. 
TFMPO=TF~P*<~~-NPl 

TFMPO:(TEMPO-TfMPI/fTFMP0-!,1 
-----~---JFTTF~PO.GT .1 ~0 I TEMPO:!, 

'FMP•S!COMP!l•li•TEMPO 
SOCOMP(J,li=S!COMPfl•II-TFMP 
SOCOMPCI•2)~SlCOMP(I•?)•TfMP 

5 SUM=SUM•TEMP 

SOMOLEfll•S!MOLEfll -~UM 
SOMOLEf21=S!MOLF!2l •~UM 

C**ABSORR, ROUT!Nf COMPLFTE 
FLAG=,TRUf, 
DO 7 l=I•NOCOMP 

--~--TrntR"STK$m~rc1liTTTT7'KSTTJ.~-51 F LAG=.F li'('""5T, 
7 fQR f II =K S I II 

IF (F'~_A(j) RF:TURN 
9 CONT !>JIJE 

WR!Tff 6•111 Nf 
II FORMATf4JHO••• ARSORRFR CALCULATION ~OR EQUIPMENT N0.•!3,46H OlD N 

------zoT-c-ONVERbE • CURREN I VAL OFt; WILL RE OSEIJJ 
RFTUHN 
END 

~UHROUTINE CLEAN 
c 
C.,TH!~ SUHROlJT!Nf 7FROO FrntOW!NG COMMON STORAGES RY CALLING SUHROlJTINE 
C,. ~7f~lJX(JARkAY•TSJl~l*, -- c --- --
c uuoo~o CO~MON DFCK 
c 

c 
c 
c 

COMMON/CjYSAA/ T TTl F.' ( 20) tCOMPNT ( 20 l , KOMf.JAM ( AO) 
(0MM0N/SY~A/KPM()0•~0)•Kc;.FM(J•l00)tN3MAX 
CO~MON/!:,V<;tVKF 1 (~0 l • N~ 1 MAlt' ,KE._?. (50 l tNF:?MAX tKE 1 ('jQ I ,N[3MAX, 

---rKr•n1lT.-Nf'41-!Alr·](10f'T'lmFT7;-R'R£TT-------------------
COM~ON/SYS~/KEFLAGI~0)•K~~LAGflOOI•KTWACf•OERROR.NP~RfO•IPUNCH 
COMMUN/FOPAIF<JPAP(2~•S0JtN~MAX•MAXEOP 
COMMON/FOPH/NECII.( l ( ~0 l , NF lt' f(}N (50 l , NAM.F ( ':JO! 
COM~ON/HXMS/NFS4VEf20l 
COMMON/$ TMA/Sf_X T<;V ( 73 .. 1 001 .~~ JNTSV (I 0 • l 00) •N1SMAX •MAXS[X tMAXS t N 

··cnMMON/STRMPJ/"STNUM fRl •ST!="LAG OH ,--r:;TVPFR tRl tSTTEMP nq • 
lSJPRESfAl ,<;JfNTH<Al tSTVJ<i(fAl tSITHK(Al•SILZffll •SJVZPH • 
2SP-10LF 181 tSICOMPf20tP.! tSJKVICOtAI 

COM"'10"-!/STMOUT/S0Nl/t-4(!:il•SOFLAGI8ltSOVPfR(HltSOT[MP(H)• 
1 c;;oPRE<:J fA I •SOFNTH tAl •SOV ISr IHI •SOTHK (HI tSOLZ (AI •SOVl (81 • 
2SOM0LFf8ltSOCOMPf20•HI tSOKI/f20tHI 

COMMON/MTSTI!SAVrXI400loSAVfQ(200l 
CQMI.IO~I/f.'HD/APC 120 l tAT<: ( 20 l tAV( 120) • A"'1W (20 I tAOMEG ("£'0 I tADEL (2:0 I • 

1AVWI20l tAPH(('O) •8FTI20l tGAMfCOl t(HA<ZOI•EXfLII.G 

PI!TF.Gf"Q TTTLF•COPPNI -· 
CALL ZFROX!TITLF•l20l 
CALL 7fROX(KPMtAOll 
CALL 7EROX(Kfl•l67) 
CALL ZfROXIKf.FLAr,,I541 
CALL 7EROXtEQPARtl2~?1 
CALL 7E'POXTNEClill•1'>'0l' ____________ __ 

CALl. ZfROX!~FXTc;V,J303) 
CALl 7E~OX !S!NtJMo40HI 
CALL 7FROX(50NUMt40HI 
rALL 7f.R0XfNES•Vf•?Ol 
CA!.l lEROXCI<AVFX•400) -------no 1_1=1 • zoo ~-------- -------
sAvro<n•I.o 

CALL ZEROX!APC•2?01 
C0NTINUf. ' 
Rf!URN 
END 

-....J 
CXl 



c 
c 

c 
c 
c 
c 
c 

~UAROUT!NE OCHECKI!RFTI 
****** COMMON DfCK ****** 

COMMON/SYSA/KPM!l0o50loKSF~!3ol001oN3MA~ 

COMMDN7STMA/SfXT~Vl23,100!•SINTSV(IOoi00),NSMAX,MAXSEX•MAXSIN ....... 
LOGiCAL f[AG 
F'LAG=.FALSE. 
J=O 

c 
c 
c 

SIJHROUT!Nf. D!ST 

****** COMM0N OFCK ****** 
---rnMHm175rm7KtT[liG ISO 1 •KSF [AG! !OIT) •K IRACt.DEPROR.NPFREOolPUN~ 

COMMON/fQPA/fCPAP125o501o~EMAXoMAXEOP 

COM~ON/CONTL/N!NoNOlJT,NOCOMPoNEoN~N 

COM~ON/ST~MlN/SlNUMIHI•S!FLAG(8ioS!V~F'R!HloS!TEMPC81• 

lST~PESIAI •'>lfNTH!Hl oS!V!SCIRioS!Tf.!KIHl oS!LZ!AI oSTVZI81 • 
?S!MOLf 1Hi•SICOMPI?Oo~I•Sl~VI20o81 

- ----c7\Ml<IJWSWODT I 50 K!IIM ( 8 1 , <;oF ll"GT<l/~, "S(l"f)Uvt:rp1'"f "R'I"H"I-:,-c:s7'f1r1T-.:E"<f'ln'p!O(r>Rn)rc,:-------
ISOP~ESIHloSOENTH1HioSOV!SC!HioS0Tf.!K!81 oSOLZIRioSOVZ!BI• 
2SOMOU (81 ,SOCOMP(20oHI ,SOKVI<'Oo81 , 

DO 10 I=ltNSMAX C 
!F'!KSEM!loli,EO,OI GO TO 10 C 
lf!KSEM!2o!I.EO,O,AND,KSFM!3o!I.EO.OI GO TO?' C 

-----rn1';5DrTZoTI.T1T;n-;1\~NO I, lARS !S!NlSv 12• I I -I, I ,(1 .o.-uur;m<.-- __ ::_ __ ITTI<F'N<;lON- DUM tn 
1 ABS!S!NTSV!2o!)-3,1,LT.O,OU111 GO TO 4 on !H NSN=loNOCO~P 

IFIKSEM!3o!I.ED,O.ANO.AAS!S!NTSVI2•11-2.1,GT,O,OOII GO TO 6 NSS=N~N•l 
10 CONTINUE SOCO~PIN5No1l=~!rOMPINSN•li*EOPAR!NSSoNEl 

GO TO 8 18 SOCOMP!NSNtll=~!rOMP!N~N•11-SOCOMP!NSNoll 
2 WRITE! 6o221 t C 

----. Fl.JIG=-~T~.-----------~~---------- ~ - C CAL(IILATF AM('\\JNT OF OVf'P><EAOS ANO BOTTOMS-
GO TO 10 l'l SOMOU!ll•O. 

4 WP!TE! 6o24) I 70 SOMOLFI?I=O. 
GO TO 3 00 21 NSN= 1 oNOCOMP 

6 WRITE! 6t261 ! DO 23 I =1•2 
GO TO 3 ?3 SOMOLflli=SOMOLE!li•SOCOMPINSN•Il 

8 IF (,NO'I:TLliG! (,Q TO 30 SOVPF'R(JJ:t, _u ____ ----------------
WRITE! 6o281 SOVPF~I21•0. 
!llET=l DO 24 l=lo2 
RFT\JRN SOTfMP!li=SITFMP!II 

30 !PET=O SOPRfSI!I•S!PRfS!ll 
RETURN CALL FNTf.!!-!oSOENTH!!I•DliM) 

----:2>-:Z>-<Fcrt·~~RtAM NO,q4,30H 'HAS NO CONNF_CT!I':t>t"UUTM~t'NT'>;T CnllTT"'IJf: ----- -'-----------· ~----------
24 F'ORMAT!12HO STREAM NO,ti4,!04H APPEARS AS A F'EED STREAM TN THE PRO ~FTURN 

!CESS MATRIK RUT IS NOT CODED AS SUCH IN THE STREAM VAR!AHLES MATRI ENO 
2X, I 

26 fORMAT!l2HO STREAM NO,oi4,)06H APPEARS !NTHE PROCESS MATRIX AS A P 
1RODUCT STREAM BUT IS NOT COOED AS SUCH IN THE STRFAM VARIABLES MAT 
~KI.·~· 

28 FORMAT!1HOt///54H ***COMPUTATION FOR THIS DATA SET WILL RE TERMIN 
lA TED. I 

END 

0 

-..! 
\,() 



SUBROUTINE OPR!NT 
IF !NF31'A~.NE.OJ WAITE! f\o40) l• !t<E3!.J) oJ:!.NE3MA~l 
lf!NF:4"A~.NE,OJ WAITE! 6o4l) !KE4!JJ•J=I•NE4MA~l 

C 41 FORMAT!~OSTAEAMS USED IN CONV, POUTINE!KE4l*oi2XoiOII2•IH•ll 
C *****~ COMMON DECK ****** 40 FO~MAT!*ORF:CYCLE GIST KE*oii•30~•25!I2oiHo)/47Xo2S!I2oiH•ll 
C wRITE! 6o42) DEPROR• LOOPS 

CUMMON/SYSAA/ I I f!_f, 20} • COMPN I ( 20} , ROMKI&P., H 4C. F ORMrrf1rOTULE"'RANC"F...-,:,,-,.,nvrront:.,R,.,R"0"R"'""'""'"...-, 2:r_ 5"'TX-:c, ft"TITTu-:-,zo:47777lf<>-----.TM.u-;-rnuP"S1l'f"RFCTCCr 
COMMON/SYSA/KP~1(10•50loKSfM(3,100) oN3MAX I CALC.*•I7Xo!4) 
COHMON/SYSB/KEI!SOJ oNFIMAX•KE2!50J•NE2MAX•KE3!50)oNE3MAX, 
l~F4!10J•NE4MAXoKPEToKAET2·KRET3 

COMMON/SYSC/LIHIT•LIMtT2oLIMIT3•LOOP•LOOPS 
CO~MON/SYSD/KLfLAG!SOl •KSFLAG(lOOloKTRACEoOEPRORoNPfREO•IPUNCH 

-----cn-w.~PA/FtJPAP t2S,50) ,f'.JEMAX.t-lAXElJP 

c 

COMMON/F:OPH/NFCALL!50l oNEXEON!SOl,NAME!SOJ 
COMMON/STMA/SEXT~V!23,lOOloSINTSV!IO,IOOl oNSMAX,I'AXSEX,MA~S!N 

COMMON/CONTL/N!NoNOUToNOCOMPoNE•NEN 

C ~HH:HHHt 

1:; 

c 
INTEGER COMPNToTTTLF 

lB WRITF:!6ol9J 
19 FORMAT!lHI•/40X,46(IH*l/40X•2H00 o42X•2H**•/40Xo2H**olA~•SHCHESS• 

ll9Xo2H**•/40Xo2H**•42X•2H**</40Xo2H**o42~o2H•*t/40Xo2H**o2X•3BHCHf 
. --------r!HCII[--U;GTNIT)lTNt.--SHHJCATION -·-sYSTFM ;2 X' 2H"* .-;40X, ?HOG o42X, 2H*" ,/40 

3~o2H**o42Xo2H**•/40Xo?H**o4Xo34HOEVELOPEO AT UNIVFRS!TY Of HOUSTON 
4o4Xo2H•*•/40X,2H**•SX,31HFOR OP£RATION ON IHM SYSTEM 360o6Xo2H**o/ 
540X•2H**•42Xo2Hoo,;40X•2H**o5Xo32HMODIFIED AT MC MASTER UNIVtRSITY 
6oSX,2H•*•/40Xo2HoooS~.32HFOA OPERATION ON CDC SYSTFM b400,SXo2H**• 
7/40Xo2H**o42Xo2H~*o/40~.4~1)H•l/40Xo46(IH•I//////) 

(; 

C**PR!NT PROCESS MATRIX HEADING• THEN PROCESS MATA!~ 
W~!TEI 6o22J TITLE 

22 FORMAT( 0 ) 0 o20A4//I~X•*"*PROCESS VECTORS***//* •••••• EOUtPMENT 
l,,,*oi3Xo•STREAM NUMHF:RS*/* NUMBER SUBROUTINE NAME* J 

DO 24 I~I•NEMAX 
·~~~nnJ~G~ur-r~u~?74~-----------------

WP!TE< 6o261 KPM(IolloNAME!lloNEXEON!JJ,(KPMIJ•II•J=2oN3MAJO 
24 CONTINUE 
26 F0PMAT!/I5•7X•A4,5XoA4o6Xo9!5) 

c -
C*"WR!TE STREAM AND EOli!PME;~TS CONNECTION 

W!IEt 6•27) lliCF. 
27 FOR~AT!•l*•20A4//23X••••STREAM CONNECTIONS***//22X•*STREAM*•4X•*EO 

lUIPMENT*/lO~o*FROM TO* ) 
DO 2il T=loNSMAX 
II' IKSfM (I ol) ,EO,Ol GO TO ?B 
W~ITE! 6,291 lt<SEM!Joli•J=l•JI 

------~?~e-rc~urrfrrn, 

29 FOPMATI/20Xol6•217l 
W~ITE!6oJOl T!TLfoNOCOMPoNE2MAX•NE3MAX•ICOMPNTitl•l•l•NOCOMP) 

30 FDRMATI•l••20A4//12X•***OTHER SYSTEM VARIA6LFS***// 
I* NUMBER Of C0MPONENTS*o24X•14// 0 NUMBER OF TTEM~ IN RECYCLE LIST! 
2KF2J~,A~oi4/o NU~BER OF ITEMS IN RECYCLE LISTIKE3l 0 •8~•I4// 

------,.,,.--cm-woNENT--Nm~srRs-usc:w•-z~+m~nR.-.-rzrrrr+u•n•'>nrf,-,1zr-rr--

.c 
1:2 
!F!NE2MAX.NE.OJ WRITE! bo40l l•!t<E2!Jl•J~I•NE2MAXl 
l=J 

c 
C**PR!NT OUT REMAINING INPUT DATA AY CALLING *PTPRNT*, 
c 

JF!KTRACE.F0.-31 RFTIJ<>N 
Ttln\TR~-~-~~~~~t~A0(~[-,P~tPrrR~N~I------------·-----------

IFIKTRACE,NE.-2l CALL PTEOPTIOJ 
RI'.TU~N 

END 

00 
0 



SU~R~UTINE DREAD! 
C,,, TYPE I SHOULD CONTAIN WORD ~CLFAN• IN COL. 1-~. 
C •• , All OTHFPS ARF TRF~TFO AS TYP[ 2 AND DO NOT RFOU!Pf., /PML!ST/. c 
C" ~-~-:jJe-o:elJ1J ··-----r:oMf1tJN----ur~-e.-w-v.-------------~--- --
c 

c 

c 
c 
c 
c 

. - C"-. 

CO..,..,ON/SYSAA/T!TI f(20i •COMPNI (201 ,KOMNA..,(ROI 
CO..,MON/SYSB/Kfl (<;O) •Nf!MAX•Ki:?(SOi •NF2MAX,Kf1(50i ,l\lf3MAXo 

!KF4( 101 •I\IE4MAXoK<>[ToK<>ETioK~ET3 
COM'!0N/SYSC/L I MIT •L I M T T2ot !M I T3 •l DO Pol OOPS 

- ----cnw.~Oi'\frsTSTil1\DL71~~1fO"""I•"K~I "'RTA~tTE~.~o"f,P~R"'t""l"'R~.~..,,P~F"'"R"E""'O iTP't1NC'fr-- '
CO..,M<l~/FOPH/NFCA[I. C'>Oi •NtXUJNC':>Oi oNA..,f(SOi 
COMMON/CO~Tt/N!NoNOUToNOCOMPoNt•NF"' 
CO..,MON/PHO/APCC?Oi oATC(201oAVCC20i•AMW(201•AOMfGC70i•AOtL(201, 

IAVWC?Oi oAPH(?(I) oHFT Ci'OI ,(,AM(,'Oi oOTAC?Oi •FXfLAG 
AVAILAHI.F ~Jo• f(Jl!IP"FNT SUH~OUT!Nf, 'JAMF'i, 

- TNTFGfP NMLTST!301 
DATA 'JML IS T /4HDVTW, 4HO l <; T, 4HM I xR, 4HAOHF, 4HRF AC, 4HVAL V, 4HHXER, 4>!PtJM 

1 P. 4HAHC",~, 4HMSff), 4HFHTR • 4Hl\0() l, 4HAODC. 41'1AIHl3, 41--fA004, 4HA{)l)t;, 4HA001'-,, 4 
IHA007o4HAD08•4HArDq•4NA0!0•4HA0li•4HA(JJ2•4HAOI3•4NA0!4•4HAU15•4HA0 
II~··HADI7o4HADI8.4HADI~/ 

fOLLOWING O!JMMY ARR~YS ARE IJ<;EO fOR 0 'JAMFLTST• RfGff'-INPIJT f1f 
°KPM~.•ro~A~*·*~FXT~vo,ANn o~rNTSV 0 A~~AYS. 

COMMO'J/SYSA/ KPMl ( 101 oKI'M71 101 •KP•0(101 •KPM4! 101 oKPM'diOi •!<:PMI>( 101 
I • t<PM l (I 01 , KPMH (I 0 I • K ~M~ (I 0 I , KPM I 0 (I 0 1 • KPM I I (I 0 I • KPM I 2 (I 0 I • KPMI3 (I 0 
7 I oKf'MI4( 101 ,KPM!5110i oKP"I6( 101 oKPM!IC lUi oKPMIH( !01 oKPMI9! 101, 

J rPM~ry(1TI1o!<:PM?l [101 oKPM?7!101•P<:PM?3(!01,!(PM?4(101oKPM~(101, 
4 K PM2f. ( I 0 I • K I'M? 7 ! I 0 I • KI'MI~ ( I 0 I • ~ 1'><29 ( I 0 I •KPM 10 ( I 0 I • K VM ll t I 0 I , 
S K PM 12 ( I 0 I • K f'M 33 ( I 0 I • K f'M 14 ( I U I • K P~ 3'> ( I 0 I , K PM lh I I 0 I • K f'WJI ( I 0 I , 
f. KPM JA (I 0 I • Kf'M )q (I 0 I • KI'M4 n (I 0 I •KP'l4l (I 0 I • KP~4? ( l 0 I • KI'M4) (I 0 I , 
7 K PM44 (I U I , Kf'M4<; (I 0 1 , KPM4h I I 0 I , KP><4 7 ( I 0 I oKPM4H I I 01 , Kf'M49 ( I 0 I , 
A KPM50!10) oKSFMCl.!OO) •'JJMAX 

COMMON/EOPA/ EQPJ !25' ,EQP?C25i •fQPJ(2~i•tOP4(251 ,fQPS(2~1.EOPhC2Si 
l•>OP7C?':>i of()Pfl(?<;l ofQP9(?'il •fC:.PI0(251 •f<Wll (?51 ,f()f'l?<2':>i otQPilC75 
7 I oEOPI4(251 •tOPISC?Si •fOPI6!?':>1 •ftlPl 7!2'>1 •EOPIR(7'>1 ,fQPI9C?'>i, 
1 fi)P20C25) •fOP?! (2~1 of()p?7(?~1 •Eop23C251 •fUP?4(251 •t<JP2':>C25i, 
4 FtlP21>!2SI ofQf'?7t?S.i •fQp?AC?':>i •FtJP29C2'>1 oFQPJOC2''1 •EQf'31 !251, 

-------~'TQPJ7T?5ToFQP3TT?Sr;fQP34'l751,frJP35T;>';J,FtlP'h[751•EQP37!75l, 

f. < fJP )R ( 2'5 I of(Jf')q ( 25) •FOP40 !251 ,(QP41 ( 25 I oFQP42 !251 •~Qf'4l ( 251, 
7 FQP44t25i,FQP4'i(?'il ,fQP4f,(?':>I,EOP47(251,[QP48C2'il•tOf'4~(25), 
R FrJP'iOC2'ii oNFMAX,"AXEOP 

COMMON/<;TMA/ 'EXl C23i,SFX?(23i•SEX3!23i,SFX4(?31,c;EX512JI,SEX6(2ll 
J,<;fX7C231 ,<;fXAC231 •SfX~C211 •SFXIOC231 •SEXJ 1 (?31 o'iFX12C2Ji • 

-7 <;FJ:13173l •SfJ;14-l?3ro<;EXI'>T?3J-,'SfJ.'ll> (731 • <;EX17 [Zll • S[~ 1 R [231 • 
3 SfXI'lC23i •SFX20 (23) •'iEX?I <?31 •SEX22(C'Ji •SEX?3<23i •SFX24C231 • 
4 SFX25!23i•SFX?6C23i•'iEX27C23i•SfX28(2Ji•'iEX?9(21i•'iFXJ0(231 • 
S <;fXJI !231 •SFX32C?JI •'iEX31C2JI •SEX34(231 •SEX1SC21) •SEX36(?31, 
h 'iFX37 !231 •SEX3A !?31 oSEX3q !231 oSFX40 !231 •S[X41 !?11 •SEX42 C2JI, 
7 'iEX43C231•SFX44(7Ji•'iEX4SI23i•S>X46!23ioSEX47(23i•SEX4~C231• 

- R ~FX4'l!Z3l•SFXSOT?3J,~FXS1 f23l•SFX52t231•SEX53!23l•S[X54!231• 
q SEXS5C?11•SFX5~C?31o<;fXS7!?31•SfX58C2Ji •SEXS9!?1i•SEX~OC?31• 
A SEXhl <231 oSfXh2C231 ,<;fXbJC2Ji •SEX64C23i •SEX6SC?3i •SEX66(23i • 
R SfXI17(?Ji o5FX~8(231 ,<;fXn'l(?31oSFX70 C?31oSEX71 !211 oSEX72C231, 
C <;F:XI3C2JioSEX741?Jio'iEX7SC2JI•SFX7~(23io'i[X77C21i•SfX78C731 • 

c 
c 
c 
c 
c 

c 

c 

c 

c 

c 

0 SfX7q<211 oSEXBOC?JI o'iEXk! C2JI oSFX~?C2Ji o'iEXA3(231 oSEXR4C?3i, 
f <;fXk~C731 •SfXA~C73io<;fXR7C?3i•SEX88(l1ioSEXAq(21ioSfX'lOC231• 

f <;>~<;J C?Ji o'iFX9?1?3i •SfX'"'l(2JI oSFX94(?31 •'i[X<J5(21i oSFX96(2Ji • 
C. <;fX47(?31 •SFX98<23i •SEX4'lC?3i oSFXIOO<cJi 

COMMON/STMA/ SI'Jl ( l 01 oS!N? (I 01 •SI'JJ (I 0 I •SIN4 ( 101 oSIN'>( 101 •S!Nf> C 101 
o~TfiTllOloSINR[!n),<;TfJ9rJT1r<STNl'U(1Ul'•STNII (lO),qNJ?!lOJ, 

? <>P<l1C 101 •SIN141!01 •'ii'JIS!IOI •Sl'JI6CIOI •SlNJ 7( 101 •SINlHCIOi • 
3 SI'Jl9CJOI•'iiN201101oSIN?I IIOI•'iiN22CIOI•SlN?JtlOi•SlN24CIOI• 
4 SIN2'>< 101 oSI'J?61101 ,c;!N?7Cl01 •SlN2A( 101 •SIN?9C loi •SINJOCIOI • 
S Si'J.ll C 101 •'>INJ?t!OI •'iii<DI 101 oS!t<J<oi 101 •S!Nl'i( !Oi •'ilNJh(JOI, 
h <;p, l/( 101 •'>!tdH! IOl •Sit<191 101 oSIN40( IOl •Sl"'41 I 101 oSI'-142!101, 

, __ 7 c; TN4TflnJ-, qr-J44 rroT;<;T!<4<; !Tor.-s-T'14·~ rrur-.-r:;rw47rnn-. STW<l'l n-ur;---- -·" 
k S P<<o'l I I 0) • S I r>JS 0 I I (l I • S p,o, I I lUI • S l N5? ( I 0 I , S I N'i) I I 0 I • S I NS4 II U I • 
'I 'ii'JS5il01 .~['JSh< !01 ,SfN'>7<101 ,S!'J5H!IOI ,qN<;Q(IOI .~JN60t101, 
A SII•hl ( 101 .~P<h?(!O) oS!Nhl( IO\,SI"'h41l01 ,qN,'i! IO\.SlNhhiiOI, 
H 'iJr,M71!0l .~P<hHI!Oi ,<;!NhQIIUI ,<;J'JIO( 101 oSIN711101 oSP,1<'! 101, 
\ 'ii'J/l( I Oi ,<;PH4 t lUI ,SIN/<;( 101 .~P,'Io( 101 ,S!N77110l ,S)t<7H1!01, 
n <;pH<J(JOl ,<;JrJROIIOJ,<;TNR\ (101 ,<;!fJR;>(]OI ,<;INR3CH\,STIJA4C101o 
f <;Jr<HS( 101 ,<;JNHhiiOI .~!N>i71101 ,§J'<tlH!lUI oSI'JA'I(!Oi ,SJN90CIOI, 
F 'i\','11 t IOI .~tr,92( 101 ,<;!"1411 lUI ,SJN44( IOl oSIN95CIOl ,SJN9bl 101, 
r, SI'''I7CIOI ,SP<'Iki!OI ,SJ'J'I'l(\01 ,S!"r!OO!IOI ,NSMAX,MAXS[X,MAXS!tJ 

UlC.ICAI FXft.AC. 
HJHGfR S'JAMf~( IDOl •fNAMF !SOl oTIILf•CIH<P'Jl 
O!MfN<;IO'J ~'JM(4) 

I'J!'H<SION K""' JO,SOi •Ftlf'AP!?'>o501 oSFXTSV C?3,JOOI •ST'JT<;VCIO•IOOI 
Flltt!VA\ frKE IK"M,KP'<I 1, (FOPAf<,f!JP! I, CSEXTSVo Sf XI 1 • ISPHSV• 5!"11 I 

NA~El Jc;r/PML Jll)T/ KPM} ,KP~/ ,~p,.q t!<.P~4 ,I\PM5 tKPM6 tKPM7 ,to;.PMA , 
IK~~4 ,K~M}Q,KPMlt.~P~}I,KPMIJ,K~M!4,KP~t~.KPMt6.KPM17.KPM}8,KP~lQ, 

?KPM?n,KPM?],K~7M7?tKPM?J,KPM?4,KPM?S,KP~26,KPM?7tKP~2RtKPM29,KPMJQ, 

'~Pt-A ll ,KP~J?,po:fJM ~l,KIJM 14,t<P~ 1':1tKIJMJt,,KtJM if ,I\P~JA,t<PM]9,KI-'M4Q,KPM4lt 
4~PM4?tKPM4]tK~M44tKPM4':1tKPM4btK~M47tKPM4HtKP~49tKPM50t 

S NOCtWP• COMPNT • Kn'INA~, !PI!N\H 

NAMFLIST/fOLIST/ F'JAMf •fOPI•EOf'2•FilP3•Eilf'4ofOPSoFQP6oFUP7oEQPH• 
1 rovQ,fapJO,[oPll•FOI'l?,f0Pl]o(OR!4~FUPIS,(QPl~•fOP17,f0Pl8oEOP1Q, 
?tOP?O,fOY~I•t•IP??otOP?J•fOf'?<ooFOP25ofOP2boEQP27oFOP2HofQPi'~•fOPJO, 
ltOP3I•FO"J2•fOP11oFDf'l4•fOf'J5,fOPlhoEUPl7,fQP]A,fQPJQ,fQP40•fOP4lo 
4[<iP4?ofOP43ofUP44•fOP4~•f0P46,fWP47ofQP4A,fOP44,f0P~O 

'JAMFLIST/SfXL'iT/ 5'JA'lf•~fXIoSFX?oSEX3•StX4•SFX5•SfXb•SEX7oS~XA• 
1 ~FX9 .~FXlO•SFXll•Sfxl?.~FXIJ,SEXJ4,~FXl'ioSFXI~.SfXJ7,SEXIR·SE~l~ 
7.~fX20o'ifX21·~fX??oStX2loSFXl4oSfX25o~EX21l•SFX27,<;EX?8oSFX2'l•SEXJU 
]oSFXJl•SfXl2•'ifX]l•SfXJ4,<;FXJ5•SfXJh,<;EX37oSFX3R,<;fX39oSFX40•StX41 
4oSFX4?oSfX43,SEX44oSFX4S,SEX~f.,Sfx47oSEX4A•'iFX4'1,<;EX50oSEXSI•SEXS2 
'>•SFX'i3•SFX54•SFXS5•'iEX5hoS[X57•~EX5Ao'iEX5Q,SFX60,SFXhlo5EX62•SFX63 
hoSF~h4oSFXI15•'>EXhh•~EX67.<;tX6A•SFX69.SE~IO•SFX7J,SEX72•5EX73•SEX74. 
7oSFX75oSFX7/,,S[X77•SEX7A.SEX7Q,SFXAO.SEXAloSFX82oSEXAJ,S[X84oSEXR5,. 
Ro'iFXHh•SFXA7oSFXAR•SFXH9,<;[XYOoSEXY!oS[X9?oSFX93oSFX'I4oSFXq5,SFX96 
9oSFX47,SEX~H.SFX94oSEXIOO 

'JA~FLI'iT/SINL'iT/ 'iNAMF•SI"'I•SIN2•SI'J3•SlN4•SI'J5•<;1NboSI'J7•SlNA• 
I S!NY •SlNIOoSI'JII•Sl'JI2•'ii'JI3•SINI4,~INIS•STNI6,<;l'JI7•SINIAoSINI9 CXl 



?o~IN20o~IN2loS!N?2oS!N23oSIN24oS!N25,S!N26oS!N27o~IN2R,S!N29,S!NJO 
],~!N3!,S!N32oS!Nl3oSINJ4oSIN35oSINJ6,S!N37oSTNJB,~!N39,STN40oSIN4! 
4,~!N42oS!N43,S!N44,~!N45,SIN46oSIN47,S!~4R,STN49,S!NSO,S!NS!,S!N52 
~.~!N5J,S!N54,S!N55oS!N56,SIN57,SIN5R,S!N59,ST~60,S!Nbi 0 S!N62,S!N63 
6oS!Nh4,~lN65.S!Nh6oS!N67,SIN6A,S!Nh9,S!NIO,STN71,S!N72,S!N73,S!N74 

----~,-c,~~~Til7o,<;!N77oST'fTTB";~!N7'<.-S!N1lOo~TII8TOSTT>lR7,<;TNR3,STNA4oSINRS 
~oSINM6oSINH7oSINAHoS!N89oSIN90oSIN9l,§IN9?oSTN93,s!N94,SIN95,SIN96 
9oSIN97,SIN9H,S!N99oSINIOO 

c 
NAMfL!ST/KfLIST/ KE2•KE3oKf4oLOOPSoNPFREO•KTRACEoOEMROR 
NAMFL!ST/FLLIST/WEFLAG•KSFLAG 

------~~ 15 I /NSCOMP/APC•A I CtAVCtAMW•AtJMf:(,eAIJE(eAVWtAPAtRt: I HH\MtiJI A 
c 

!NTEGP> CHX!21 
OATA CHX/4HCLEAo1HN/ 
OTMFNSION !CARO!?OI 

C RFAO FIRST CAMO - l~°CLFAN• OPTION MEOU!MEO 
-----,FATH'Oo171TCARTr--·--··---- --

If' !FOF oSI 1o2 
1 CALL FX IT 
2 IF!ICARO(!l.EO,CHX(Jl,ANO,ICAR0!21,EO,CHXC211 GO TO 3 

I TYPE=? 
(,('\ TO 4 

3 ITYPF=I 
CALL CLEAN 
WPITF.CI\o5) 

5 FORMAT!IAH OtTA AREAS ZfROEOI 
4 CONTINUE 

c 
---c·;....-m':·rmottPHA~~~A~~~-rlnu-\"'TrTtn~oT•T· 

c 
17 FO<IMAT!20A41 

C ••• •CLEAN<> : lYPF 1 
C... OTHERS • TYPE ? 

23 MFAO( ~•171 TIT! E 
----.wTTFl---,··;17T--rrrt:r-----'-· 

IFC!TYPE,NE,Il GO TO 63 
c 
C,,REAO REMAINING CONTROL CONSTANTS, COMPONENT !Do AND PROCESS MATRI~ 
C,, FROM NAMELIST/PMLIST/ 
c . 

RTAm~ol"1'11:TSTJ 
c 0000 

C THIS SECTION REAOS ALPHAMFR!C DATA INTO PMLI~T (KPM • ~OMNAMI 

C CHANGE IS NECESSARY AS CDC6400 NAMEL!ST DOES NOT ACCEPT ALPHA OATA 
c 

lf!NN,FO,Q) GO TO 151'> 
[)() I S4 I: 1 • NN 
MFAO !Sol 55! J• !KN" (II I ol!=l o4) 
K=4<>(J-ll 
nn 1'>7 I 1=1•4 

- ·--p;(l(l'1Mf>JA M !K"• TI 1 : KNJ~TTTI 
154 CONTINUE 

c 

c 
c 
c 

c 
c 
c 
c 

c 

1'>5 FOR~AT(I?o1Xo4A41 
1 <;6 CONT INl<f 

MAX~FX=NOCOMP o J 
- MAXS!IT:· ·o-·----''----------,---------·------

MAXF<H'=?'i 

SET 11P F"<liiTPMft<T 5URROUT!'<E ('ALLING NliMRfR FROM fOUJPMfNT NAME 

<;1 flO '>6 K?:1o'>O 
TF fKPM f l oK?l ,>ll, n1 (';0 T(l -.;fi -· 
N~ X=ro:.P'-' ( l•K21 
NfMAx=•? 

N[X JC, fi)IIIPMfNT NtJMHEP OF PROCESS MATM!X Rnw 1- !<:PM!1oK?I 
KPMD••21 {~ THf E~TERNA! NA"f GIVEN TO THIS UNIT, 

I= 1 
S3 TF!-~M!lo~ll.fO,NMLISTilll GO 10 '>5 

IFCI,t.T.101 f,l) TO 54 
I: I • I 
t.O 10 53 

54 WPTTfffi,JOAlKPM(7ol<:2loNFX 
IOK Fll"MAT! 0 0PFA01 FR"0"- lllft.AL NAME *oA<o,• FOR.FQUIP,*ol3o* -EXIT 

1"1 
CALL FX!T 

'iS NfCALL !NEXI=I 
NAMf!NFXI=~PMl2oK/) 

NFXEON!NFXl=KPM!1oK71 
'>6 CO"J T I NtJ' 

C IF THF Nli.,HFR OF fD\IIP"'fNT SliHROUTINF NAMES OR AN EOII!P~fNT 'iUflROU
C TINF NA"f ITSFLF IS CHANGf!l, SUfWOliTINF •EtlCALL* M\IST llf "'OOIF!fD, 
c 

TF!TP\lNCHJ 'iAo5'1,Sr-·--·-··--·--
S7 PfAOC'>ofLLISTI 

IFCif>liNCH,fO, 11 GO TO ':>9 
<;R L'iAVE=IPtJNCH 

!PUNCH=? 
WPITf( 7oPMLISTI 

0 

NN:O 
---------n~-.~s~o-,1•:~1'-•~~~ur------------------------------------~ 

IF!KPM!Ioll,Nf,Ol NN=NN•I 

-·----·----~ -- !PlJNCH=L ~AVE- ···-------·--------~------

1'>0 CONTINUE 
00 lSI l=I•NN 

!51 RFADl5oi521JoKPM!2oJI,KPM!3oJI 
!52 FORMATll2o?XoA4o?~oA41 

---c--
NN=O 
(>0 !53 l=lo20 
IF!COMPNT!J),GT.62l NN=NN•I 

1'>3 CONTINUE 
c 

IFCI~UNCH,EQ,21 WRITE! 7oFLL!STI 
59 CONTINUE 

DO 6? J=loNEMAX 
IF(KPM!loJI,EQ,OI GO TO 6? 
no ~>1 J:2,R 

~I KPM((oJI=KPMCI•?oJ) 
62 CONT INUF 
hl CALL ZFRn~!ENAMEo501 

C.,REAO *fOPA~*!BY uSING EOPI-fOPSOI AND *ENAME*o OJ 
N 



Rf-01 5•EOLISTI 
00 65 JzltNEHAX 
Jz(NAME I I) 
JfiJ,FO,OI GO TO 65 
tF ( AH!' IFO?AR ( ltJl l,L T ,l,E-20) EOPAR( 1 tJl •J 

-~IF.f 6•661 J,(tCPAP(K,JI•K•l•25J 
fJS COII.IT INUF. 

C 66 FORMAT(• EOPARit.••t2•*J•••l0Gl0,?/(l3XtlOG10,2ll 
C.ALL 7FHOX O<EFLAr.•SO) 

c 

N3MAX•8 
00 83 t\.•2eA 
1•10-K 
00 A2 J•t.NEMAX 

~~~i•JI,Nf,O~I~G~O~TO~A~~~--------------------
aJ N3MAX=NJMAX-l 
AS CONTINUE 

C,,TE<;T FXJSH:NCE OF •~>.lnN-STANDARO* COMPONF.'NT 
F.XFLAGc,fALSE. 

C,,RfAO •SEXTSV• IS[ .I(} -SEXlOOI ANO *SNAME* 

CALL ]fRO X !SNAME,lOOl 
--------~n~~~T~TI~~MP~t~~rOC~.O~M~P~7r~rTn<~-----------------

R7 CONT [Nllf. 

!:lFA.O! S•SEXLST) 
00 68 J::zltlOO 
J=~NAMF! t I 

----TnJ;oa-.o-r-o.,-,rn-~-----------------

lF! AHS !SfXTSIJ ( ltJl I .L f,t,F-201 SEXTSI/ ( l•JI •J 
C WRITE! ~H69) J•!~[}(l<;V(KtJltK•l•231 

68 CnNT INVE 
b9 roPMATt• SfXTSVIt•••I?••J=••lf3,0,JlG10,3t30Xtl01'H0,3 1 

no 70 J=t.too 
TF l AA~ fSEXTSVtl, Tl l ,GT, 1 ,£"-2U 1 "'SM.I!iXli!T 

70 CONTINUE 

C,,P(AO •SUHSv•t StNt-SINlOOI ANO •SNA1o4E• 
c 

CALL ZFROX fSNAM[,lOO) 

GO TO A<.J 
AA RFArHS•NSCOMP) 

f XFLAC.= • TRlJf, 
R9 COo..;TINUE -·-------c-- -

C MUILO UP THE ~TRF.AM CONNFCTJON MATRIX KSEM, 
00 1H7 Ml=l tNEMAX 
If·(KPM(l,Ml),Lf.Ol GO TO lfo\7 

lRH ,_.?=KPM ( l•Mll 
00 IMq M3=2•N3~A.)( 
tFfk'Pt.!(MJ.Ml)J li'Jhl87tlQO 

Jl.,IO M4:fi'(PM(~J,Mlll 

KSfl-1(3tM4J=M2 
G(l TO 192 

JQI ~4:-(KPM(M),Mlll 

----,r-•~•srm.-o;n-----

oo 72 l •I t NSMAX 

----------------
K<;fM t2oM4) =M2 

-,-qz ~StM! 1 • ~4 J:M"r.. 
ll-lq CONTPWE 

:J =SNAME It I 
JFIJ.FO,Ol GO TO 72 
IF I AHS ISINTSV! ltJl l ,L T .t.F-201 SYNTSV I ltJl •J 

C WRTTF:I 6•731 JtfSINTSV(K,JltK•ltlOI 
----r,o--cnmrrnrr--------------------~-----

73 FflRMATt lOH StNTSv< 1,. t2•2'HI••FJ.o.r4,0•HGI0,11 
CALL ZFROXIKSfLAr.•lOOJ 

c 
C .. QEAO EOtJIPMfNT lISle; fOR RECYCLI:. CALCULATION!;, tc:E"2t KEJ AND KE4 
C,, THfiR CO,..JTROL CONSTANTS NE?uAX, Nf.JMAX A~O N[4t.~.U,, WILL ·BE CALC, 

1Hf CO"JTJNUE 
Rf TURN 

lOO 'lTOP 
••••••••PUNCH OUT OATA 81 OCK TO PE'SUA114IT THE CAt;[ ST!If\Y,.,,,,,,.,, .. 

ENTRY OPUNCH 
Iff I PUNCH ,fQ ,0 ,OR, IPUNCH,fQ,l) RETURN 
WPfT£f7,fQLISTI 
WRTTF 17oSfXLSTl 
wQJTFC7oS1NLSTI 
WPITfl7eKfliSTl 

----~~.ll.u-~xt:1:TSTT""-----------·---------·------ --- ----~------- Tr rr.XFTAGJ WPJTF"T'T·'N~rO""l'I-
+JFTU~N ( W~JTEI !'uKELIST) 

NF2MAX=O 
NFJMAltcO 
Nf4MAX=O 
on 7b J=t.so 

------rn~<E?rrr.-ro-.urrm--n,--,.-,--------------

76 Nf2MAX=Nf.2MAX•l 
?7 on 7H J-st,so 

JF!KE31Il.EO,Ol GO TO 7Q 
78 NF3MAX=N(3MAX•l 
79 oo eo t==l•lO 

-------.nKt4.tTl .·ro.ur r,u ·To 

c 

c 

AO NF4MAXcN[4MAX•l 

81 IF"tlTYPE.NE. ll !:lETURN 

"" 

SII~RQtlT INE. OVDR 

c 
C •••••• COMMON DFCK •••••• 
c 

---Lfll-fl•.f0N/~YSU7i<.Frt.-Ir.fs-~.-t;lll!OJ.l<Tln~Olrt~~~(PUN~~-
(0"'1'-lON/EOPA/fOPAP ( 2So<;O l •NEMAX • MAXEOP 
COMMON/CONTL/N I NetllOIJT ,NOCnMP •NE •NFN 
CO"''MON/STRMIN/SINlJM I A) ,SJFLAGI8 l ,c;JVPF"R {8! tStTEMP (Rl • 

1 o; JPPES fA) oS IFNTH C~l oSt \IISCHJI oS JTMK 181 •5 ILZIIH tSTVZ (8) • 
2'<; IMnLF fHI tSICQMP f 20 oBI •SIKV f20t81 

----.rr~OUI/SONlJM lBJ oSOFLAG\HI ,<;OVPF R \61 tSHIEMPt61 • 
1 SnPRES Uil tSOfNTH C A I • Sn\1 I sr! R l • SOT'"IK (~ l • SOLZ lA I • SOVZ PH • 
2'SOMOLF f 8 I • SOCOMP f 20 • HI tSOI<"V ( lO• 8 I 

0 T MENS I ON S I I DUM f 8 • 1 n I • SO I OUI.l I 8 t l 0 I 
!::OUt VALENCE f SINIIM•St JOUM) • ( SONUM• SO IOU'fl 
IF(KfFLAGINEI.f.O.ll Go TO 6 

---~=-•oo --------------~--

00 2 t=l•NOUT 
2 SlJM:o:SlJM• EQPAR(J•l•N[J 

DO 3 I=l•NOUT 
3 EQPARII•l•NEl=EQPAR(I•l•Nfi/SIJM 
6 On 5 J=l•NOUT 

DO 4 I ~T, ro--- --
4 SOJDUM(J,JizSJIOWHltll 

<;O[NTHfJl =SIENTMCil *EOPAR(J•ItNEl 
SOJ.!Olf f Jl =SJMOLE (II •EOPAR <J•l ,NE I 
On 5 l=l•NOCOMP 

~--~~~•JI =-~~O"'Pt J •_:I_:I_•::_EO:_P_:A~·_:I::_J_•:_t._N~~:_:I ____________ _ 

Rf TURN 
END 

Cb 
\.N 



SUHROUTINE EQCALl 
c 

DATA CHESSoREC/5HCHFS5o6HRECALL/ 

RETURN 
17 CALL AflD6 

RFTURN 
18 CALL A007 

C RF TUPN 
1 g CIQT--All=-------------- ---------

C MODIFIFD TO ALLOW OVERLAYING OF FOLLOWING SUAROUTTNES ON COC6400 PFTURN 
C HSEQ•ADI5-AD19 20 CALL AOD9 
C RETURN 
C 21 CALL ADIO 
C ~***** COM~ON DFCK **** 0 * RETURN 
c 

COMMON/SYSOI•EFLAGC50)oKSFLAGtl00)oKTRACEoDERROR,NPFREQ•!PUNCH 
COMMON/EOPR/NFCALL(50)oNEXEQNC50JoNAMEC50) 
COMMON/CONTL/N!NoNOUToNOCOMPoNE•NEN 
COMMON/5 TI<M !N/SJ>HJM (A I • S !!"LAG (8} oS!VPFR (fl) oS!TEMP (8) • 

ISTPRfS(H) oS!fNTH!Al o5TV!SC(8) oS!THK(8) oS!LZtA) •SIVZtB) • 
-------,STMDL TTBTo">TCDPVT71ro1r)O-.;-rm2 II • 8) ------

c 
c *t:l-**** 
c 

NAMEL!ST/DATAIN/S!NUM,SIVPFRoS!TfMPoSIPRESoS!ENTHoSIMOLE•SICOMP 
IF!KTPACE.GT, 0 ) WRITE(6o60) NF•NAME!Ncl 
!FCKTPAC~;G[,2) WR!TE(6oDATA!Nl 

60 FOPMATC22HONOW CALLING EQUIPMFN1o!4o3H- oA41 
NFOUIP~NECALL!NEI 
GO TO <1•2•3,4,S,A,7•R•9•lO,ll•l2.t3,14•lS,lA•l7,1A•l9•20,21•22• 

I 23o24 25o26o27o?Ho29,JOI•NEQUIP 
I CALL DVDR 

2 CALL O!ST 
RFT\JRN 

3 CALL M!XR 
RFT\JRN 

4 CALL ADBF 
---- -pFnWN ___ _ 

5 CALL RFAC 
RFT\JRN 

6 CALl_ VALV 
RETURN 

-----~C~~frp~X-~F~R~---------------·-----------
A CALL f>\JMP 

RF T!JkN 
9 CALL ARSR 

RFTURN 
10 CALL OVERLAYCCHESSo3o!•RECI 

----~~~~ --------------
RfTURN 

12 CALL Afllll 
RFT-URN 

13 CALL Afl02 
RFTURN -----.1'4-----C;.',AcoL.L ADD 3- ------------------------- -------

RFTURN 
15 CALL AOD4 

RFTURN 
16 CALL ADOS 

ZZTJ\TI --ATTTT 
RETURN 

23 CALL ADI2 
RFTURN 

24 CALL Afll3 
RFTURN 

--;>')TACL-AlJTli. 
RFTURN 

?6 CALL OVERLAY!CHESSo3o2oRFrl 
?7 CALL OVEPLAY!CHESSo3o3•RErl 
?8 CALL OVERLAY!CHESSo3o4•RFrl 
?9 CALL OVERLAYtCHESSo3oSoRFCJ 
30 CALL OVF1'[1\Y-CCHE<;So3o(,oRECI 

EN!l 

():) .., 



c 
c 
c 

StJRROUTINE EOPRNT 

****** COMMON OFCK ****** 

171 WR!To !6o29) !NTC.!J)oJ•NOXloNOX2) 
29 FOR~AT!IHOo3XoSA4l 

r.o TO 102 
100 !)0 163 KE=loNEMAX 

!f!FQPAR!loKf),GT,O,l,ANO,NECALLIKF),EQ,I~) C.O TO lb4 
COMMON/SVSA/KPM (I 0•50) •KSF M (3.100 J •N31"l~--- 163 CONT INOE _____ H _______ ----------------

COM~ON/SY5AA/T!TtEI20l•COMPNT!20loKO~NAMIAOI r.o To 160 
COMMON/SYSH/KEI!SOloNfl~AX•KE2!50)oNE2MAXoKE1!50)oNE3MAXo 1~4 W~ITE !6o2AI 

1KF400l •NE4MAXoKPEToKPET2oKRET3 W~!Tf !6ol01 l NAMF!K[) 
COMMON/SYSC/L!MIT•LI~JT2•LIM!T3oLOOPoLOOPS 101 FORMAT!lHOo3XoA4! 
COMMON/SYSO/KEFLAG!50)oKSFLA~IIOO!oKTRACEoOE~RORoNPFREQoJPUNCH 102 DO 1~9 JE=IoNfMAx 
COMMON/F.ClPA/E_QPAQt25•t10) •NEHAX•MAXE IF tfQPAkti,Jf J .to.O,) GO 111 l?'1 

CO~~ON/EOPB/NFCAI.L!50)•NEXEON!50)oNAME!50) !f!NECALL!JEI.EO.!El (;0 TO 16? 
COMMON/STHA/SEXTSV!2J,JOO)oSINTSV!10ol00)oNSMAXoMAXSfXoMAXSIN Jf!JE,NE,NFMAXl f,O TO 159 
COMMON/CONTL/NINoNOUToNOCOMPoNEoNEN GO TO JO 

C 1~2 ~FLAG!NOSOAPI=JE 

C ****** NFXT!NOSOAPl=NFXFQN!JFI 

INTfGE~ COMPNToPFLAG(100l oTITLE 
c 

n1MENS!ON NfXT!SioARV!5)oNTG!55loNGX!SOI•~ET!'>Ol 
DATA NTG/4HDIVI,4HOfRSo4H o4H o4H o4HfRACo4HTIONo4HATORo4 
IH~ o4H o4HMTXF.o4HRS o4H o4H o4H o4HAO!Ao4HBATio4HC 

NUS0111T,T0-;'5J I'm m·n;7 
Nfl<;OAP=NOSOAP•l 
IF !JE,EO,NO<AX) r.O TO lhf• 
GO TO 159 

30 !F<NOSOAP,LF ,I) r,o TO 159 
1~6 NO<;QAP•NOSOAP-1 

------TFf-o4H<;H."UoliHNITS,4HRE"ACo4HTORSi4W-·····-;4H --·-;4H o4HP.C,o4H VAL• 
I4HVES o4H o4H o4HF.XCHo4HANGEo4HR/COo4HNOENo4HSEilSo4HPIJMPo4HS 
l/COo4HMPREo4HSSORo4HS o4HAB50o4HRBERo4HS o4H o4H o4HMULT 

167 w~TTE !Go43J !PFLAG!KI ol<=loNO~OAP) 
43 fOR~AT!*OEQUIPMENT NO, 0 o5!19o5X)) 

WRJTF. (1\,441 !NF.XT!Kl .K=IoNOSOAPI 
lo4HI~TAo4HGE Uo4HN!TSo4H o4HfiREo4HD H[o4HATEPo4HS o4H I 

25 fORMAT (//) 
NOCOP3=NOCOMP+3 

44 fORMAT (*OEXTERNAL NAME *•5!7X•A4•3Xl) 
lf"<!E.GT.lil GO TO 42 
GO TO CJl,J2,JJ,,4,J~,3~.17•3At39,40•4lJ•TE 

--'. 
161 WRITE (6ol681 NGU=JN-1 
!68 fORMAT!IH o23Xo*f0UIPMENT SUMMARY • EQUIPMENT LIST*I*O*oi9Xo CALL TRANSF!loN0SOAPopFLAGo50oEOPAilo2~•SOoA~V•JNl 

l*FO, =*•9Xt*EXT • NAMt::••BX•*SUR, NAME*) 45 lffJN.NE,2J GO Tn 50 
DO 88 1=1oNEMAX WRITE !6,491 NGUo!ARV!K)oK=IoNOSOAP) 
1f!EOPAR:loii.E0,0,) GO TO AS 49 fORMAT ( 0 •,•FRXN. •*,2XoT2•lXo5fl4,4) -------,-=:J+ _ _:__.c_ ____ _ 

PfLAG!J)•I SO WRITE !6o5l) NGUo!ARV!K)•K•loNOSOAP) 
sa CONTINUE 51 fORMAT (* 0 o9Xol?o2XoSfl4,4) 

DO 95 !=loJ 46 CoNTINUE 
NKLI=PfLAG!Il WWITE !1\•251 
NGX(Il•NEXEON!NKLll GO TO !SA 

95 NET (!} =NAHE <NRC l•t 32 0~"'-'"'4"•"N"01tC"Tonp:r_,.-,--------- ------
WRITE (6o90l !PFLAG(K)oNGX!K)+NfT!KloK•l•Jl CALL TRANSf!loNO~OAPoPFLAGo50oEOPARo25o50oARVoJNI 

90 FORMAT (*0"•20XoT2•13X.A4ol3XoA4l 53 N(;U=JN-3 
WRITE !6o91 I T!Tt E IF !JN.Nf ,4) GO TO 55 

91 FORMAT<•l••20A4o//1H o2IX•*EUUIPMENT SUMMARY - INDIVIDUAL DETAILS* WRITE (6,541 NGUo!ARV!KI•K=l•NOSOAPI 
I /ll 54 FORMAT (* *o*OVHO, COMP•o!2•2Xo5Fl4,4) 

1()"5. ·-------

NOX2=0 SS WPITE !6o5~) NGUo(ARV!Kl•K=l•NOSOAPl 
no 160 IE=Io30 56 fORMAT <• •·IOX•T2•2Xo5Fl4.4) 
NOXI•NOXI+S 52 CONT!NUF 
NOX2•NOX2•5 WP! TE (6o2Sl 
NOSOAP=l Gn TO 158 

-------.-;.;.nr.Gt.lrll"io To too ""JTWPTTt"". !6•2'>1. · 
00 170 KE=loNEMAX GO TO !SA 
JF!NECALL!KEI.EO,IEI r,O TO 171 34 CALL TRANSF<l•NO<;OAPoPfLAGo50oEOPaRo25o50oARVo2l 

170 CONTINUE 57 ~RITE !6o5Al !ARVIKI• K•loNOSOAPl 
r,n TO 

160 
58 FOR~AT (• •••CONn!TION. ••SFI~.ll 

- 0 -·--~- ·--

CXl 
Vl 



5q FORMAT(• 0. PHA~E OFT.*/* 1. CONST, T.*/* 2. AntARATIC*//l CALl TPANSFCl•NO~OAPtPflA~•~(),fiJPAUt?~.~O.A~V•IIl 
WJJ[Tf. f6•5q} W~ITECfH205) (APV(K) ,l'{:zl•"-10'-;nAP) 
GO TO lSR ?05 FORMAT(* IJ-~TWfAY l*•4Xt5~14.4) 

35 CALL TRANSF I loNO<;OAPoPHAC.o50oEOPAI~•25o50oARVo2) W~l TF (1>•206) 
---"r":;.-~W~!TE (oo63l IARV!KloK=1••J050AP) 201> F<WMATC• (MM IJTif/HP)o) 

h) f"TiP!-1~1 (& •~v-..-;jlr.')t , WPTTF·- f/>,251 
CALL T~A~SF<l•NO~OAPtPfLAr,,so.~OPARt?S.~O.ARV•3l (,0 TO lSA 

64 ~PITF fbt65) (ARV{K)•K=l•NOSOAPJ 38 CALL yRANSf(},NO~OAP,PFLA(,,~O.fOPA~.?S•~O.APy. ?l 
65 FORMAT (* *•*KEY COMP =0 •4Xt5Fl4.4) }Of, wRtTE Chtl07l (ARV{KJ,K=l,"'OSOAP) 

00 6b JN:4,NOCOP"3 107 FORMAT C* *•*CO'-'P, STAGE-;••2x,-:,F 14,4) 
CALL TPAN5f(l,NO~OAPtPfLA~t50tEOPARt25tSO,ARVtJN) CALL TRANSt(},NO~OAP,PfLA(,,~O,fUPAW•2~·~0.APV• )) 

Tllr~•m1Ti11'VTXT,-.r:pmsuwr~-~-~---- ---------
IFCJN,N£,4) GO TO 6R 109 FORMAT (* o,•WORI< CAPACJT'fO•lX•~fl4,4) 
WRITE C6oo9) NGUo IARVCK) •t<=1oNOSOAP) WRITE C6ol10) 

69 FORMAT I* 0 •*STOTCH. FAC,*ol2o5F14,4) 110 FORMAT!• CRTU/HP)•) 
GO TO 66 CALL TRANSFCl.NO~OAP,pFLAGtSO,£UPA~.?StSO.APV• 41 

(,8 WRITe (6,70) NGU,(ARV(K)oK=1•NOSOAP) 111 WRITE Cbollcl (APY(KI,K=1•N0$0AP) 
~"1--ro o,J2Xt f2•""5IT~ -FnRM"AT -r~- v-,-omJTT fT-PRF:S~~•?X,?f""14,4l 
~b CONTJNtJF CALL TRANSFCltNO<;OAP,PflAG•~U.EfWAR,?t,,':>U,ARV. 51 

WRITE (6,25) 113 WPITt 16•114) (APV(K)oK=1•NOSOAPI 
~0 TO 15A 114 FORMAT (* *•~PfJW~R TYPE .o•2X·SF14,4) 

36 CALL TRANSF!1oNOSOAPoPFLAC.oSO•EOPAR•25•50oARV• 2l 115 FOP~ATC• l•t-STFAM 0 /o cnt-tlfC,•/ 0 1-l-FUFl GA~*l 
71 WRITE (f,o72) IARV!KloK=1•M050AP) W~ITF (6ol15) 
72 F<WMAT c•--•.-•1101/N~TM, P*o4X•5Fl4,4) CALL TRANSFfloNO<OAPoPFLAr,o50o[OPARo25•50.ARVo 6) 

WRIT~ lbo25) 118 WRITE C6ol191 CAPV!K)oK•l•NOSOAP) 
GO TO !'>A 119 FORMAT ( 0 0 o*H-OIITUT STEA~ 0 o5F14,4) 

37 CALL TRANSFII•NOSOAPoPFLAO•SO,f0PARo25oSO,ARVo2) 120 FOR~ATI• CHTU/LRI*l 
73 WRITE 11>•74) CMlVIK)oK=IoNOSOAP) WRITE Cbol20l 
74 FORMAT (o *•*U~t]3Xt5~14,4) CALL TPANSf(],NO~OAP,PfLA~tSO,fOPARt?~•~O,ARV• 7~ 

---~--c~cc·TP"~crc;n1i:l,...-pf""(1\r,, SO tEOPARtZStSO, ARV, 3) 121 WPTTr. ro-·,-tzzr· fi'I."DVtKr<.~=t .NOSOAPl 
75 WRITE C6o76l CARV!Kl•K=1•'JOSOAP) 122 F(IRMAT !• •,•run USAOE*•4Xo'>F14,41 
76 FORMAT (* *•*AREA*tl0X•5F"14.4) 1?3 FORMAT(* (HSCF/HP)*) 

CALL TRANSF!IoNOSOAP,pfLAC.o50oEOPARo2S,SO,ARVo4) WRITE lbol23l 
77 ~PITE (~t7A) CARVIK)•K=l•NOSOAPl CALL TPANSFil•NO~OAPtPflA~·~O·fUP~~.2~·~0•APV• Al 

• 7A f()I-?MAT {* *•*= SHELLS o,)X•5fl4,.4) 1?4 WI-J}Tf f6• 97) IAOV{K) .t<:=t.NOSOAP) 
---~·--CALl----n:Til1\l'SFIT.;NUr;OAP..,..-pf"[t\f;•""5U•·toPARt2St 50 • A"R • -wPTT~rb • 9"A l 

79 WPITt (6,80) (ARV!Kl•K=1•NOSOAP) CALL TPANSFC1oNO<;OAP,PFLAC.o50,EOPAR,?5o~OoAPVo 91 
AO FORMAT C• ••*SHftL PA<;SES•o2~,SF14,4) 1?7 WPITF 16•1281 IAPV(K)oK=1oNOSOAPI 

CALL TPANSFI1oNO<;OAPoPFLAOo50oEOPARo25,50oARVob) 12A FORMAT I* •·•~TEAM liSAGE 0 o3Xo5F14,4) 
81 WP!TEC6oA2) (ARVCKI•K=1oNOS0AP) l?<i FORMAT!* (M LR<;/HP)*) 
A2 FORMAT c• "•*TUBF PAS<;Es•o3Xo5F14,4) WRITE l6ol24) 

-----,.7.-~fJ""irrr;fi"~~S0,£0PAR,z'5,SQ,ARv---.-n- lllC"IPANSFir."""""IQnt::fTAp-,pf1_Ar,,t;U.TOPAR,-r3•~0tARVtl0l 
83 WPITEI~oH4) (ARVCK)oK=1o~OS0AP) 130 WPITE (h,J31) (APY(K),K=l•NOSOAPI 
A4 FORMAT {* *•*TYPF • •,7)(,t;f}4,4) 131 FORMAT (t~- *•*K.\ri H<iAG[o•hXt5F"l4,4) 
A5 FORMAT!* 0. SIMPLE EXCH,•/* 1. wATER COOLED EXCHo*/* 2, wATER C WPITE Cho25) 

-OOLEO COND,•) GO TO ISH 
WP!Jf(6,85) J9 CALL TWANSfCl•NO~OAPtPFLA~•S(ltEtlPAR•?~•~O•ARV• l) 

----~,C-ATTIPANSF ( 1 ,NO<OAP.PF [AF,";S"O,EUPAR't25•SOH\RVt8) ----~--- "l"JZ ·wPTTF ·n:;.]3Sl- fAQVCKl ,K:T .NO-=iOAPl 
9b WRIT!" C6o97l CARV!Kl oK=IoNOSOAP) wRITE (6,?51 
97 FORMAT (o *•*WATfR USAGE*t3X•Sfl4,4) r;.n TO 15H 
QA F 0 RMATC* (GAL/HPJ*) 40 CALL TWANSf(}•NO~OAPtPFl.Afi•~O•EOPARt?~·~O•ARVt ll 

WRITE (bo98) !14 WPJTE (bol351 (APV(K)oK=1oNO~OAPI 

CALL TRANSF!1oNO<;OAPoPfLAOo50oEQPARo25o50oARV•9) 135 FO~MAT C• *••= OF <;TAr.ES•oJXo5f14,4) 
---9-9WPI-rEc--u-,-~-103l -!APV(K-,,K=loNOSOAPl 00 137 JN=3o7 

IOJ fORMAT (* •,•OELTA P-sTR 1*•1Xt5~]4,4) CALL TRA~SF<l•NO~OAPtPFLAC"·•50•EOPA.io?.l5•'5U.AQV,_,..I 
CALL TRANSFC1oNO~OAPoPFLAO•SO,E0PAR•25o50oARV•I0) 13b w~ITF Cho13A) CAPV(K),~:J,N(),OAPI 

104 W~ITE !t'>o105) !ARVIK)•K=1•NOSOAP) 136 FORMAT C• *•*INPUT 'HGE :•,J••Sf1"•"1 
lOS fORMAT !" *•*DEL TA P-,TR ?*oiX•5Fl4,4) IJ7 CO>ITIMI[ 

OJ 
0\ 



WP !TE ( b • ZSl 
·f,f'l TO 15H 

41 CALL TPANSFtl•NO~OAP•PFLAfie50•EOPARt?~tSO,ARV• 2) 
139 WJ.J!TF. (he140) IAPV!KI ,K=l•NOSOAPI 
140 fO!.!MA.T <• *•*HEAT rHITV*eSX•5fl4,4) 

----rztrT1iRMAT (•-~-('J.('R- "!!TTT;RP1 n ~-- .. ---- ---
WR!TF (hd4l l 
CALL TPANSF I 1 •NO<;OAP • Pfl Ac;,c;o, ~OPII.R, 2t;, 50, ARV, 3 l 

142 WPJTE (6.1431 (AJ.IV!!'<leK=ltNOSOAPl 
143 FOQ~AT (* *•*OELTA PRF5, 0 eJXe5Fl4,4l 
)44 FOR~AT!* (P$JAl•l 

-----wp JTJOT!i7r<<....---
cALL TRANSFileNOSOAP•PfLA~•C)OeECPARt25•~0.ARVt 4) 

141_:, \o/P)Tf lbd4t>) IADI/(K.) •K=leNOSOAPl 
146 FOR~ATI* *•*TEMP, OUT••5Xe5Fl4,4) 
lb~ fODMATI* (!)f('; R,l*l 

WkiTE (b,}b'-)l 
---·--CAlt--'TPANSr' ( 1 ~NO.:;OAP ,-pnAt.t50 ef'CPA'P, 25.1:50, A.PV• 71 

147 WLJTH.<t.H\4Al IARVIK.ltK;:;},NOc;OAPl 
148 FORMhT <• *•*D ARSORBft) 0 t4Xe':>Fl4,4) 

W~-<'ITf UH 141) 
CALL TPANSF ( l•NOc;OAP.PFLAr..so,(QP6.R•2'>tSO,APV• RJ 

11:)0 WP!Tf H>-151) (APV(K),K:::::},N050API 
}t;} F'"OR~AT {~ ~.*FUE"I USAr.[a.,4Xt5Fl4,4J 
1S2 rn~MATI* ISCF/HP)*//l 

WRIH {6.}C)2l 
GO To ISA 

42 C~ll T~ANSFiltNO~OAPtPFLAOt5UtF0PA~t?5•~0tARVt 71 
1CJ3 WRITE {h.}S4) (APV(K).K:::::t.NOSOA~) 

t'C)c.- f'!1P~AT (• .,,,PAPAME"Tf.'QS ,'lf,?X:t~f"lt.,4J 

n0 lSCJ JN:),~AXF0P 
CALL TRANSF(ltNO~OAPtPFLAr.,c;o,fOPAPt25t50tA~VtJNl 

lCJ6 WUJT[ (b-1571 (APV{K) ,K.:},N01)0API 
1S7 FORMAT (*, *• l4X,,r}4,4) 
155 CONTit-Jll[ 

---------w"Rnr- r6-·251-
tc;M NOSOAP:l 

c 
c 
c 

1,9 CONTTNUE 
WPTTF 16e281 

?A FOI-JMAT <lH0-171•, ... ,•1//) 
HoO CoNT INIJf 

-RFTU~N 

ENO 

<.;tJHROlJTlNE. FOUTP 

COMMON OF'{'!\ 

----.,.,OlfRrnuqSll?KPRn tr.l51rrtKSP-4TT;TrrtJTtN31ifA:x------ ---------- ·-·. 
C0"1MON/STtoiA/SEX T<;V ( 23,100 l , 5 INTSV ( l 0, I 00) tNSMAX ,MAXSF.X ,MAXS IN 
COM"40N/CONTL/NlNtNOVT•NOCOMPtNE•NfN 
CO"''MON/STRP-4 I N/S HIIIH ( fH • S I F'"L AG I A l , S I VPFR (H) •S T TEMP f fO , 

15JPPES<BI tSlfNTH!AI tSTVIS\.(f\1 tSITHK(81 •SILZ(AJ tSTVZ(f(l • 
2<; TMOLF (fq •SlCOMP !20tA l •5 lKV { 20t8) 

--------~crro~~~~Grtr~,r,,~,~anv~p~r~R~!~ATJ••S~'~'"IE~Mnpn(~AnJ•,-------
1 SOPPF.S! AI tSOF.NTH p:q tSOV IS(' (AI •SOTHK (AI t50LZ 0:0 tSOVZ (81 • 
2<;QMOLE I HI ,SQCOMP <20•8) ,c;OKV! ~OtH I 

c 
c 
c 

--~c- •z• FNTRY POtNTS-,- FUUiP- .,. -- W['UU!P"- ---
O!MfNC)!0"-1 C)IJntJM(Ii•}O) ,c;otOUMIHtlOI 
0J"4FN~ION JST!N(40H) •T5lOTI40HI 
E0UTVAL(NC[ I.:; IN!IM•SJ J0U1.1tl c; T TNI • CSONIJM ,c;OTOIIM• l")TOT I 
CALL 1FRI1Y ( ~STJN,40Al 
CALL l£1-lO,_ ( t<;TOT.4Q,Iol,) 
K =! 
":l:I 
DO 2fJ t 2=2•N31-4AX 
L1 =KP"'(L2eNFl 

C lJ JC:, THf ST~F:AM N!I•·H~f.:P OF" KPM-COLIJMN(NFI 
c 

?1 Trft.~l ?4t23•ZZ 
c 
C c;[T INPlJT STI-lFA""S TN COMMON/c;TNMtN/ 

?? DO 2'-, T =I •NOC()MP 
?!, ';f\OMPfi •1<. ~=<;f)(TSVfT •3eL3l 

t;JI-AoU IK l =SfXTSVI:'hl3l 
nn 77 r :t.~Ax:sr~ 

?7 STJOI!M(K ,y l='iJNTSV(f tl1l 
?H K =K •I 

GO Tn ?0 
?4 ~JtN:I'\ -1 

C NfN = NIJMRfR OF TNPt1T t;Jj.;~fAM<.; 

c 
C q T ()IJTPOT c; T j:,'f A"45 TN (OMMON/5 TMQU T I 

30 L 3=-L 3 

c 

DO 32 t =leNOC{)MP 
37 SOCO'"If.Jfl •J I=SFXTSV{f •3·L1l 

<;(1M0Lf { J l =~fXTSV ( 1•L11 
n0 l4 T =I.MAXSHI 

34 '-,niflU~fJ t{ t=5HJTc;vq •L1l 
3" J =J •1 
20 CONT Tt-ltlf 
£3 NOUT=J -I 
F\IOtJT = 1\JUMHFJ.J OF OUTPUT c;TJ.JEAMS 

PrTIJPN 

C 00 * RfQHJP 
C ~FT CALf. n~IT~UT ~TUfAM VALtlfS IN SEXTc;V • ~TNTSV 
c 

FNTRV RFOUIP 
nn 3~ J =ltNOUT 
,_1 =SO I OUM ( J , 1 ) • • 0 1 
nn 41 K =l•NOCOMP 

41 SFXT'iVI K •3•J l:SOCOMPt K •I ) 
- "XT<;V[ -:lo,f 1 "'0"0U"[T/----------~---- ---

!ln 43 K =lefiiAXc;yN 
43 ~TNTSVf K •J ):<.;otDU"ttl • K I 

!F!So•OLf!l J,LT,!.F-?01 GO TO J9 
SFXTSVI 2•J l=Sl"-'TSVI 6•J ~/SEXTSV( )•J } 

-----~3~g~~~~;~-r.~nr-------------------------------------------------
K=~llOUMil•l> • ,01 
DO 44 J= I • NOC0"1P 

44 SFXTSV {J•J•Kl =SJCOMP (J• l) 
SFXTSV( 3tK):SJMnLE<I) 
On 4S J=l ,!~AXSlN 

---,.;o;r>rrwr-J;><J =srrntl>frr;:n-
rrlc;JMnLE<Tl.LT.l.F-lo> GO TO 46 
SFXTSV{ 2•KI=SINT<iV( fi•Kl/S[X.TSVC )tK) 

46 CONT!NIIE 
RFTOJ.JN 

FNO 

co 
.._J 



5UI<I>OlJTINf FHTR 
c 
C 0 ***** CO~MON OFC~ •••••• 
c 
-----C()J.!l'ffi~fT5YSU7KtF [IIG!SO l •K:;r[AG t 100 loR TRACtoOE I>Plll<.j;jPrnnT•TPUNCH 

C0~~0N/fQPA/fOPAPI25o~OloNfMAXoMAXEQP 

COMMON/CONTL/NIN.NOUT,NO~OMPoNE•NfN 

COMMON/STPMIN/SINUMIAloSifLAGISI.SIVPfAIAioSITEMPIAlo 
lS!PPESIAloSIENTH!A) •SIVISCIAI •SITHK 1Rlo51L71Alo5TVZIAJ, 

c 
c 
c 

SIJRI>OUT IIIIF !N!T 

COM~ON OFCK ...... 
---- -c-omffifJ7CONTLINTN;NnUI.NOCO~P; Nr•llf'N 

COMMON/5TMA/5FXT~VI23o100J•SIIIITSVIIO•I00loN5MAX•MAXSEA•MAXSIN 
COMMOIII/S T P"'IN/5 I 'JIIM I~ l • 5 T FLAG I A l o<; I VPFP I 8! • S !TEI<P I II I • 

IS!P"FSIHI ,§fENTHIAloSIVISI"IfiJ,S!THKIAI •SlLZIAloS!VZIIIl • 
?S!MOLf(H),<;!COMPI20•Hl•SIKV(20•HI 

?S!MOLFIAlo5lCOMPI20oHl•SI•VI2DoHl C 
---·-cn~SflFLAGlBJ ,c;OVPFRPiJ •Sil!ERP(8), ·--c --·-· ~n••~-~-

c 
c 
c 

lSnPPESIHloSOfNTHIAioSOVI~rtHI•SOTHK!AloSOLZIAloSOVZIAio C 
?<;O~Olf IHI •SOCOMP120oAlo<;OKV ltO.fll 

---- "<"T'"1!J_- -.<VA(UF. 
DATA HVALUE/QUO,/ 
DO 2 !=loNOCOMP 

2 SOCOMPI!olJ=S!COMPIIoll 
SOMOLFI!l=Sl~OLflll 
SnP~fSill=SIPI>fSIII-EOPAPI)•NFl 
P<;AYf=STPPEStl l 
SIPRfSill=SOPRFSill 
V<;AVE=SIYPFR!ll 
T<;AVEl=SITfMPIIl 
f<;AYE2=FnPAPI4•NFl 
HSAVE.=<; lfNTH I 1l 

-------o=Eo~=>A<H2•1lf"l o1 
NOt/1=2 
STTEMPI1l=TSAVF2 
E<;AVf=fOPARI2oNfl 
EOPAI>I2•Nfl=1, 
CALL ADBf 
TFMP=SOffHH! I J •SI'lENTHm -SITNTIHTJ 
IFI TfMP.LT.nl GO TO 4 
NOUT=1 
SlfNTH!Il=HSAVt•O 
EOPAP(?oNE.l=O, 
CALL AO!lF 

-----Grr -ro-5--
• 4 O=TEMP 

5 SIPRESI1l=PSAVt 
STTEMPIII=TSAVfl 
51fNTHI1l=H5AVt 
fOPARI?•Nfl=fSAVf 

-----·snYPfllfll=SOMOlf:tnlnJr;~rs~ompwo~tr_~TTCrr--·------

00 A l=loNOCOMP 
A SOCO~Piloll=SICOMPII•1l 

SOMOLFIIl=SIMOLEIIJ 
SOENTHIIl=H~AVf•O 
<;JVPFI<IIl=VSAVE 
fOPARCRoNEl= 0 /CHVAlllE•,7'>1 
EOPARI7oNFl= Q I l,fb 
~JnliT=t 

PE.TIJPt> 
[Nil 

DIMENSION OU~IIJ 

lll~f'JS!ON SI!OtJMIA•IOl 
F:iliJ!VALFNCE t<;!NtJMoSI !OU"l 
flO q 1=1oNSMAX 
Tf C AFl~ !'l[XTSVC I• Tl J ,l T, T ,f:-'5·,ni<;All'l15EXTSV CJ, Tl J ,l T ,!,F-701 GO TO q 
tf!AHSISINT5VI4o!ll,LT,I.F:-'ll GO TO 5' 
VF"=<;tNTSVC),J) 
!FIVF .1 T ,0,0001,nR,VF ,GT .~.'IY99J GO Tfl 10 
IF((",_,ft-iTSVCt.,.JI.NF.O.I GO TO l-1 
(;O TO 11 

10 00 I J=loNOCO~P 
I 5JCOMP(J,)l=5EXTSVIJ•1oll 

S!MOUI1l = '>FXT<;VI 'oll 
Of' 2 J=I•MAXS!N 

2 <;1!011~11oJI=<;llllf<;V( .)oil 
CAll fNT..,.tl•<;l~Tc;V(fufl•f)tlp.~) 

SFXTSVI?.Il=SINT<;Vt ~ •ll/SFXTSYI ~·Tl 
GO 10 '> · 

5 ~"ITfl h•7l l 
7 Fo~>MAT I!O~HO••• <;IJHI>OIITINF ••INJToo CANNOT CnMPUTF INITIAL fNTHALP 

1Y OF FOLLOo!NG <;TRFA~ SIIIII"E lfMPFI>ATIJNE IIIOT <;PECIFIEOo<;Xol3l 
11 •~ITF <h·1<'ll 
I? FOI>MATI5H0° 00 o 0 TNTT - VAPOR fRACTION fOR <;TRfAM•,fJ,o !NOTCATf<; A 

1 Tw0-PHA5f M!XTUPF MUT NO ~NTHALPr IS SUPPLIFO - ~rPA~5 FNTHALPY ( 
2ALCIILATTON•l 

9 CnNT!NIIE 
PF:TtJH~! 

F~Jn 

():) 
():) 



c 
c 
c 

SUHROVT!NE CO~PIO 

PliRf C<WPONEN T I 0 NlJMf'[p<; •. • 

----.:---.-;-HY!lPoGrN -~·-~·Tl<~N'-'Tl"l'Jn.nE:tANE 35. l.;;m1cl'"Nt -~ 
C 7. METHANE IQ. N•PFNTAOECANE J~. CYCLOPENTA~E 
C 3. ETHANE 20. N-Hf~ADFCANf 37. ~fTHYLCYCLOPENTANE 
C 4. PRDPA~E 21. N-HFPTAOECANF. 3~. CYCLOHEXANf 
C S. I·AliTANE 22. ETHYLENF J'l. MfTHYLCYCLOH[UNE 
C h. N·AUTANf 23. PROPYLENE 40. RfNZFNE 

--c- ------,-;-~ITANt zr.-.-y-:;liTTTif\W 41. rOL~------
C A. N•PFNTANl 75. Cl~-7-UUTFN£ 42. n-~YLF~~ 
C q• NEO-PENTANf l~. TRAN~-2-BVTENE 41. M-~YlfNE 
C 10. N•HEXANE 27. 1-HIIT[Nf. 44o P-XYl FNE 
C II. N•HFPTANE 2B. loJ-HUIAO!fNE 4~. FTHYLAEN7FN~ 
C 12. 'I-OCTANE 2'1. 1-PFNTENE 4~. "l!Tf.lnr.F.N 

-· c--13 .~~111-N('lNA"t j(t • CT<;-1'-PtNTt>/t 47 • OXY(;PJ 
C 14. N·DFCANE 31. T~ANS·l-PENTFNf ""· t"AIIHON MONOX TO£ 
C IS. N•IJNOECA'If 3;>. 2-"I'IHYI•l•AUTF.~E 4'>. CAPRON OIOXIOF 
C Ih. N-PODFCANE ll. l-MFIHYl-1-RUTFNE ~o. HYOMOC.EN ~Ulf!DF 
C 17. N·T~<IDECANf 34. 2-..,FIHYL-2-HUTFNE ~1. ~UlfiiP OIOX!Of 
c 
c 
c 
c 
c 
c 
c 
c-- ~ 

c 
c 
c 

c 

<;;>. 
'>3. 
54. 
ss. 

?-,.,ETHYl -cc; 
3•M[IHYL•C5 
2·?-0I-Cl•C4 
?. •.3-0 I-Cl-C4 

'51'>. 

5 '· ""· SQ. 

CO .. MON OFC~ 

l•HFPTFNE 
PRnPAOlf'<E 
1 • ?•tlUT AO I F~E 
C2•rYCLO•C'> 

······ 
COMMON/CONTL/NINoNOUToNOCOMPoNfoNfN 

~o. rz-cvrLn-c~ 

b I. I ~OPI>f~F 

"'"· wAlfQ 

COMMON/SYSAA/TITt Fl20)oCO~PNTI20lo~O"NA~IR0) 
COMMON/PHO/APCI20loATCI20)oAVC!?O)oAM~I70loAOMEG!?OloADlL!l0lo 

IAVWI20)oA~H!20)o~ET120loGAM!~O)o0TA!70JoFXFLAG 

COMMON /~HSAV/~A~EA!?OloHA~FHI20lolC0!20loALOI20l 

LOGICAL EXfLAG 
!NTEGFR COUNToCOMPNT 

c----.;TA'<U~PO TOMPONn!T Nil~ 
c· 

INTEGfR SCNAMf !24Hl 
DATA !~CNAME!Ilol=l•l'i61/ 

l 4H HY0t4HR0Gt,4HN t4H •4H MFTt4~HANft4H t4~ 

1 ,4H FTHt4HANf. t4H •4~ t4H PR0t4HPAN(t4H t4H t4H t-H,4 
~--~·-?HlJTANo.4H[- ~ ~ o4W~ ~~··~,~COW~ N-'11i'+HVTANo4Hr o4H ~· o4H T•Po4HrNTAo4H!IF 

3 t4H t4H N-P,4Hf.NTAt4HNf t4H t4H NEOt4H-PtN•4HTANE•4H , 
44~ N-Ht4H[XAN•4Hf t4H t4~ N-H•4HEPTAt4HNf t4H e4H N-0•4HC 
~TANt4HE t4H t4H N-Nt4HONANt4HE t4H e4H N-Ot4HECANt4HE 
~.4H e4H N-Ue4HN0EC,4HANE t4H e4H N-~e4H00ECt4HANE t4H t4H 
7 N•To4HRIDEo4HCANEo4H ,4H N•To4HfTRAo4HOECAo4HNE o4H N•Po4HENT 
RA,4HOFCAo4HNF o4H N-H,4HFXAOo4HECANo4HE o4H N-H,4HEPTAo4HOECA,4 
AHNE t4H ETHt4HYI EN•4HE t4H , 
4 4H PROo4HPYLEo4HNE o4H o4H I•Ro4HUTENo4HE o4H o4H CIS• 
A4H•2•Ro4HUTENo4HF o4H TRAo4HN5·2•4H·BUTo4HfNE o4H l·Bo4HUTENo4Hf 
H t4H t4H lt3e4H-RUTt4HADIEt4HNE t4H l-Pt4HfNTEt4HE t4H 

c 
c: 

c 
c 
c 

c 
c 

c 
c 

c 
c 

Ct4H CI~t4H-2-P.4HFNTE.4HNf t4H TQ-•4H2-PEt4HNTEN.4HE ,4H 2-(.4H 
Dl-l-•4HAUTEt4HNf t4H 3-C,4Hl-l-•4HHUTEt4HNf. t4~ 2-C•4Hl-?••4HH0T 
F.£.4HNf .4H l-Ht4HEXEN•4Hf .4H ,4H CYC•4HLOPf•4~~TfN,4H~ •4 
fH Cl-.4HCYCL•4HO-C5•4H •4H CYCt4HLOHf•4HXA~f•4H •4H Cl-•4~CY 
GCl t4HO-Ch•4H I 

~ DATA f~CNAMFfTToT=l'>T;Z4Rl7 -·-
fi 4H HfN.4H7ENE•4H •4H •4H TOL•4HUFN(t4H t4H 
H4H O-X•4HYLFN•4HF t4H •4H M-X•4HYLfN,4HF ,4H •4H ~-~•4HY 
tLFN•4Hf •4H ,4H FTHt4HYLRF•4HNZEN•4rlf •4H NIT,4H~OG£•4HN 
J•4H ,4H OXY•4~~fN ,4H ,4H t4H CO t4~ ,4H t4H t4H 
K (0~•4~ t4H •4H •4H H25 .4H •4H t4H t4H ~O?t 4H 
l ~ .. ~1' ~~~~--,-,.p---.I<H 7-l'ol-.-,flfiflYo~I<R-- ~~,~411-:l•Mo~H[THYo4Hl-C'i 

M,4H ,4H 2t?t4H-OJ-,4HC1-Ct4~4 t4H z,],4H-0J-,4HC1-C,4H4 .4H 
N 1-H,4HfPTf•4HNf ,4H ,4H Pk0t4HPAnt.41-1f.NE ,4H t4H lt2t4H-I·HJ 
OT.4HAnJf,4HNF t4H C~-•4HrYCle4HO-C5.4H t4H C?-•4HCYCL.4HO-Ch~4 
PH t4H IS0•4HPPFNe4Hf t4H ,4H WATt4HF~ t4H t4H I 

C"AO-<;fAOfll 1-!0n!l"!f[l ACFNTP!C fACTOR<; - DTio!EN5!0~1LE5<; 
~~AL OMFGA(~21 . 
!lATA O~ffiA/ ?•O,,,)Qh4,,l~JH,,}A?~ •• l4S),,?Q}4,,?JH7.,19S,,2~?7 
\,,1401,,J99?,,441Q,.4R6q,.~?lO,,S~lO,,b002,,A39Q.,674J,,7078 •• 7 .. ~?7 
lt,0~4Q,,l4~},,?0A5.,2~7~•.22JO,,l47S,,l(12A,,?l9A,,?060,,?QQQ,,?QOO 

1,.l440,,?l?n •• ?4~1 •• lo~t.,?)4~ •• 2o32 •• 24Cl •• ?J30,,2541•·2904··304~ 
4,,2Qh9,,?QJ~ •• 020~ •• 0~99,-,Q0~7.,)76A,,OH~A,,240?,,2771t.7.74b,.211 
~4 •,?4btu,J41l •• ll"~l•.nQH7,,270o...J•,)04h•,2ll•.34A/ 

C~AO-~FAO[R ~nOIF!fn HILDFHRANO ~OLliRIL!TY PARAMFTEI> 
ff.AL,/Mt,J•• I/? . 

~fAt f>fL th7l 
DATA nrt' ~.~.~.4~•~.~~.~.00·7•6,1J,J•T,n?t,7,Z~~.T.41t1.~~1.7 
1,~4~t7,7~1•7,74,7,~4,7,HQ,7,~?•7,4bt7,~9.A.01t5,A.6,2•4•h,76•h•94• 
7h•7,11~~.7,4t~.l07•7,H4~tH,}qh,7.M?ht4,15~.H,Ql5eA,9~7.M,AlMt~.l~~. 
JH,7H7,?,~8,4,,),1J•6,,5.~14e6,,7,0lR,7,132e6,71?.6,9h7•7,lOH.h,A~4 

4.7,9~.7.7JQ,],741.7,277.7,J4/ 

VOllJMf AT ?'> [lf'f..C:o • ~~ ./ G·"'Olf: 
U<AL V7'it671 
(JATA V2SI ll,.~? •• ~~ •• ~4,tlOS,5tlOl,4•ll7,4,J1h,l•l2l,J,lJh,~, 
ll47,S,J63,~·17Q,~,}96,t?l?,2•2?H,h•l44,9t?Ol,3e?77.Rt294,1,JI0,4. 
26J,,7Q,,QS,],4},?,9),A,45,4tHR,•ll0,4•l0/,8,104,,)08,7tl}?,8•106,7 
), l?'l,A,44,7•ll3,1tlOA, T-•l?~.J.8ll,4tl0f..,~tl21,2tl?1,5·124,.12J.l• 
4 1~.0.?A.4ol5.2oS1.~o4].~,4S.?ol32.Q,l]O.~.l?2.7,13l.2ol4!.7o6l.6o 
~ A3,7tliA.Atl43,}tlOO,J7,JH,07b/ 

CMA0-SFAOfR CHAPAClfP!~TIC M0LAP VOLUMES - ~ ./ G-MOLE 
RfAl VW(~~~ 
DATA VW/ .qss.~.,7,HA.tO,J~,I3,37.13,,}5,1btl,,?7.t5.8Qt}7,64,? 

10.0So??.49,?4.Q4.?7.4?o?Q.9,J?.39o34.AA,37.3QoJQ.AQ,42.41,44.'l2,h. 
?HR,Q.h9,1t.l7•ll.7l•l7.•l?,l7tll.?7,}4,~~.14,?htl4,4ltl4,3l•l4,77. 
114.l4ol6.9ol?.72ol5olJoi4.A7ol7oh7ol2o2hol4oR1ol7o03ol7o2Rol7oJ4,J 
47,?3.?.534.2.H7I,2,5A4,b.165,S.O~l•6,Sl6tl7.727,}7,473tlb,297. 
~17.~1Qol4.c?3o7.7clol0o43~ol7.71Joi4.Qlhol3.?97,?.5~l/ 

CRITICAL Tt~PERATVRE5o DEr.. K. 
I!FAI TC!b2l 
OATA TC/ J3,27,}QQ,7,305,4J,J69,97,408,}4,425,17t4~l.,46Q,7~,4' 

t3.7h,~07,9,540.t~.Sh9,4,SQ~ •• 6tQ,,b40.,6~9.,h77,.~q~ •• 7ln,,725.,71 
2~ •• 2R),06t3h5,lt4l9,h,42R,,4CA •• 4t7,R~,42S.t474,.4Rl,l~•47q,}ht47/ 

O:J 
\() 



3ol6o4blolb•477ol~•S03,99o~llo76o~J2o77•SS3o46oS7? 0 l6oS62oblo594oo~ 
437.~•6\9,2•~1A,2ebl9,7tl2~.2•154,A•Rl,7tl94,7•211,4t263.7e49R,O~. 
5504,33o489,39o500o2Ro53S,~o39?,78,45R,06o5b9,44o602oblo4R4 0 2Ho 
6647,33/ 

c 
---c--ryrnnt-l'RFSS1ml-"~~

"f AL PC ( 1'>21 

c 

PATA PC/ l2e79,4S,R,48,2,42,Ql,3b,,)7,47,12.9,13,31,Jt.~7.?~.qz 

1•?7.01•24,64t22.~•20.Rt}9,2t}7,9t}7,el6a•lS,,l4,,13·•SO.St4~.4•J9, 
27a4l,,4l,e39,45•42.7•39,9t3S,3•3S,l•JS,t34,S,J~.q,J2,la44,5S•37.3~ 
1t3R,2e34,32a4H,~a40,t36,t3~,,)4,t37,,J3.~eSO,l•34,St72,9,RA.~t77,7 
.~~~-:.---.;~.-~~~~.45, 412,40 ~;-$3-,J'O ,-A"n,-3R, e2'1R, '1fr. 

C C~ITICAL VOLU~ES. CC,/G~OLf 

IJf AL VC Cli21 
OATA VC/ ~S,Q,Q9,5.l48,a?OO,a2~),,2SS,,]QR,,)}t,,10),,16R,,42~. 

},4A6,,~41,,bO? •• ~~O.t71A,,7AO,tR3Q,,8qQ,,QSQ,,}OOO,,l?.4,,1Hl,,240, 
----z.7J~. -,?r.o.~.cJs •• -zct •• ?95 •• 295. ,zqs •• '101.-·?<n • • cR,., •• Jso •• ?60 •• 11 9,. 

)]ll8,e344,t260,•31b,e3~9,t176,e)7H,e)74,e90,le74,4,Q),le~4.,q~.•l22 C 
4,,)~7 •• ]h7,,J59,,3~8,,405,•l46,•??1,•37~ •• 419,e?6A,•5~./ 

c 
C "'OLECUt AQ WE!hHT~ 

RfAI_ MWC'-21 

c 

DATA MW/ 2.01~·1".042o10,0~R,44,094o2°58,12•J•7?,14~,A6,172o 
IIOO.I9Aoll4ot24o\lHo2Soi4?.276,156.JOloi70.3?RoiA4,)~4,IQN,JH, 
7?12.40h•??~.432•240,4~H.?A,05?e4t.07Rt4*~A,}04t·54,0~Ht6*70.lJ• 

3B4,l5~.70.t3.2o84.l~h,98,1A2,7B.!OH,Q2.1)4,4o}OA.1Ae2H.01Me32.e2R, 

40},44,0le34,0H,h4.~ht4•86,2,~~.2e40,lt54,},9A,2,112.2e6H,lelH.Ol/ 

c- OFN$TiTI:'i- AT IS nFO. r: .. G,/'<L. 
~F AL OfN<; ( 1:>2 I 

c 

OATA OFN~/ ,07,.2,,37h,,5Q76,.S63J,,5847,,h?4n,,63084,,5Y67,,66 
IJ~4•o"RRQ!oo70654o,72146o,7)]9o,7440oo7525oo7~00oo76b)oo77?0•o77J4 

z,,77A0 •• 349o •• s??6•.60l4•.b27l•.&l•.noos •• 6274•.64~6~•·hnf>7•.hSl4• 
1,b55H,,bJ2"••h77,,,~7779o,I50I8o 0 7~34o,7H]I4o,77371•.HH417o,A7146o 
~.AP440e,R6A3~ •• e~~J?e,ft7141.,8o~.t.l40,.~04.t.tot •• 7qo,l,434 •• 0~1Q 
~.,6A9,,654t,6664,,70l5•.6S1t,658e,771•.14?2•,68hl•l.O/ 

C •••• COEFFICIENT~ OF 7ERO ~RESSURE HEAT CONTENT, ••••• 
RfAl. APHA{f>ll 
DATA APHA/ 6,952o3,J8Io?.247o2,4IO•Jol32o4.451,4,Hibo5,910•4o37 

rr ,( .'+77 ,'?, U'55oTIJ.~fi?b ol?~-198 oT3 .r70 ol'o. J4Z ol 6. '114 .I !l,4Rl'> • 70,064 • <'! • 
· ?63,2J.?O?t24,774,,944,,7~3•-.?.4e-l,77Ae2,34•1,6~e-l.l~•l.78B•-3.35 

)},},49e,495•3.27o •• l30•2,0b3.-12,957.-l2.ll4e-l~.9l5e-l5.07•-R,6S• 
4-R,213o•3,789o-6,533•-5,3]4,-R,39Ao6,903o6,0A5•6,72ho~o116o7,07obo 
5157ol,36lo2,b2lo,593olo29Ro2,344o3,0159ol,R4A7o-l?o2A2o•l5o559o 
6.4687.7,70/ 

RFAL fll-"TTA t!izr--~----------~ 
OATA RfTTA/ •,0457bE-2olH.044f-3,]8,201E-1o57,195f-3o75,214E•Jo 

17?.27f-3o9I.SH5f•3oBR,449F-3o94.61E-3ol04,42?f•3,1?0.J52E•J•l36,?9 
2Hf-],J52,24HF-),168.!98[•3olB4.14RE-3o200,09Af-3,?16.04RE-3o231.99 
37f-3ot47,948E•3•?63.898f-1•279,84RE-3o3o7J~f-2o5,69lf•2oR,65F.-2oRo 

4078F-2,7,22f-2,7.702f-2,8.35f•2oiOI.454E-1oi09.6?3E-Jo99,b9hE•JoiO 
---~J,985f-Jo99,73'5f-J,99,11Rf-J,J23.004E-J•IJ.OA7E-?oi5.3AOF-2•I6.454 

l'>f-2olR,972f-2oii.578E-2•13.3~7f-2,14,291E-2o14.905E-2•14.220E-2•15 
7,935E-2•••03753E-2•.Jl'>31f-2•.C4001E-2•1·4285F-2•.312~f-2olo3H4E·?• 
AI?.S7l?f-2•12,3504E-2o13,3F•2ol2.h929E•2•I4,4802f-2•4•503E-2• 
Q 6,4329E-2•17.68?E-2o?l.1ROIE-2•9.487f-2•4,594E•4/ 

c 

RFAL (;AP<A (621 
DATA GA~A/ ,09S63f-5o•4J,E•7••110o49E•7,•!75,33E•7•-237o34f•7o-

1???.14f•7,-2H9,6?f•7,-273,88E•7,•105,87f•7,•1?4,71E•1,•J75.?8f•7,-
24?5,93~-7.-476,h?f•7o-527,JIF.•7o•518.E•I•-6?A,b9f-7•-679,3Bf•7o•73 
l0.02~-7.-7R0.7hE-7o•H]I,4,E•7,-R82oi4E-7o-1,99JE-,,-?,91F•5•-S•IIf 
4-~o-4,074f-5,-3,40JE-~·-1.9RJE•5•-5•5R?f•5,-554.?7E-7.-~o1,4~f-7,-
5,~?.61f-7,-574,04f-7,-5SI,SIE-7•-504,37E•7,-h74,0!E-7•·1,447E-5•-H 
h,915r-s.-9.203f-,,-I0,489F-5.-7.~4E-5o•Ao?3f•5•·~.J54E-~.-8,H31E-5 
7,-7,9H4f-5•·10,001E-5,,1910F-S•-·I709f-~•.12A1f-5,-,RJ62F-5oo13&4F 
f'\-C,,-,q 10 1f -~•-4• A }4 7F -S• -4,71 04f-t;,-':'.2H fFlF -~• •4 .Q l LH: -5,-7 ,9~04F
q~,-?.,S~bE-5e-3,4lHf-,,-lU,7)04~-S,-l?..JHOAf-~•-S,,~3f-5•?.571f-h/ 

PFAL OFL TA [~?I - --
DATA PFLfA/ -.207~r-9.?0•o,.4,?2f-9,C,,ARE-9tl?.07t:-9•7,H9f-Q,,_,, 

!07E•4oH,02f-Q,J4,?4f-O,t!.H55f•9o!2,9liF-9oi0.94AF•9o!?.4!4f-Q,J?. 
?04\f•Q,9 0 4(•9oi4,404E•4ol~o4!(•9o?0.01f-~o!9,?7(-Q,24o09[-9ol"·~4E 
1-Q • l ~ ,?Of-Q,} H.HF-'~• 20. Ot,f:-4el 7 .03f-Q, 23.4')(-Q,- ,hAbl E-4,. J I \"'\f.-,t.l, 
4-.~](17(-Q•1.7H4F-Q,-,7Hb7F-4.2.0S7F-Q•4*U,.t7.1H~-Q,S,h7HE-4•7,04l 
<;[-9oc2.BJS(-Q•7~.997(-9o1.2&2GE-Ro-A,5A7E-IO/ 

IIJft~FL 1 <; T /Nc;COMP/ fl. PC • AT C • AVC • A~W • AOME G• ~OF_ I • AVW • APH • HF l • (•AM • 0 fA 

00 IO 1•l•NOCOMP 
J•C<l..,PN I (I I 
tr(.J .GT. t>?l r,o TO 8 
11 =4•! l-1 I •I 
IF ( (~OMI\IAM( 11) •KnMNAMf J 1•1) •K.OMNA~( 11•?) •KOMto.~AM(Y 1•3)) ,f..JF, 0) 

1 r.o ro 1 
1'0 b (I)II"JT=l•4 
l'•ll•CO\JNT-1 
IS=4•<J-11 • COIINT 

h KOMNA"!1KI = SCNA"'FC!~I 
7 IJP•J4,hQI:>tO•P((JI 

TT•!,A•TC I.JI 
A0~EG111•0MEGA(JI 

AI,FL! II •Of L! J I 
A VII( 11 =VW ( jl 
A~C t I I =~P 
ATCI11=TT 
AVCCII=CVC(,JI•,4<;)591t?A.)? 
A"ll( I I="'WCJI 
ALI1CII=IlFNSIJI 
APHCTl=APHA[JI 
RF T II I =ilFTTAUI 
r;/iM( I ):(,AMA(J) 

OTAili=OHTACJI 
(,0 TO q 

8 TT•ATCtii 
AVC [ Tl•AVC [l l • ,lo~JS'I/28~ J;>. 
I'P•APf {II 

9 6A5fKCII•.OHh7*TT/PP 
7Cil(II•PP•AVCCli/II0,7lEO•TTI 

10 HASfA<!I•SO~TC,4?78*TT**?,5/PPI 
IF IEKFI.AGI w<>!TE (~•NSCOMPI 

Rf.TURN 
[NO 

\0 
0 



RFAI. f"RT 15,31 
SIIRI><IIIT!~E IIHZT C Af'lG•ANS•L TST I OATA FQI/ -,OAI7,,J?74•-•5014••3A70•-•1342••0<133•-•344So,404? 

c l•-.20A3.,0~471,,0Rq,.,4J44•,7915•-•7&~4,,3J~7/ 
C THT<, p; A COMPI>FHF.N<,!VF THF~MO, OATA SlJH~OUTTNF WTTH 7 

?, f.NTI>Y /O[N~ IAI>G•AN<,I 
ENTRY POINT<, RFAL FI'.JCSo3l 

c ----c -- -
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 

1, ENTPY ENTH !A~G.ANC,l _____ ---
4, fNTI>Y KVAL IA~G,ANS•LISTl 
5, FNTI>Y T<,UHH IARGoAN<,) 
1\, ENTRY AII~TP IAflG•A'IS•LTSTl 
1, ENTRY OFWTP IARG•ANS•LI<,T) 

COMMON OFCK •••••• 

COMMON/CONTL/NINoNOUToNOCOMP•NE•NEN 

' 

COMMON/<,YSAA/T I T!F. I ?0 I •COMf'NT I 20 I oiiOMNAIA CRO I 
·cn><MON/ST~MTN/Sl1'Jt)MCBl•<;TFt~G!~1•<;1VPF"IH~loSTTF"M<>CIIl, 

I'IP~>tc;IHlo5lt~THIHl•SIVI5~1RioSITHK(RloS!LZIRI•STVZCBI• 
;>",!MOL~ !Ill oS!COMP(;.>Q,H) oS!KVI<'Oolll 

f:O,.,MON/5 T"Olll /SO,•tJM I!< l •'iOFl AG (I! l o<;OVPFR CHI •SO TEMP I R) • 
I<,OP~>FSI!ll•SOFNTHIHl•SOV!<,r(Hl•50THK!Hl•50LZIRl•SOVZ!8l• 
?<;OM0l.FII<Io<;O(OMPI?OoRI•50KVI20oRl 

COMMON/PHO/APCI20loATri?Ol•AVCC20l•AMWC?.Ol•AOMEGC?OloAOELC20l• 
IAVWI?Ol•APHI20)o~fTI20loGAMC20loOTAC~Olo£XFLAG · 

CO ... MON /~~SAV/RA<;fAI20)oRASEH120l•ZCDI20)oALOC20l 

ll\JTfGFI> ARO 
I>FAL LISTC20l 
I NTfGFP Tl Tl~ 
MFAL LNPH!I20loiNACTC?OloLNNUC20l 
I>FAL lHCoMPOLY•MAOOY 
(NH_GfM COUNT T ,COtiNT ,f:OUN,COMPr.T oVPFRAC 
PF"IIl l<VT;>Ol•NF\oiX170lo1<1201•AV7'5170-l 
LOGICAl FFLAI;•FLAGoFXFLAGoAKFLAG 
E.OUIVAI ENCF CTRE.TE,.TIJ!ll 

DATA fPJ/ -,0?30o-,01?4o,lb2<,,-,;>IJS,,OA~43,,022•~.003Jb3o 
------·-y- ·-·. 07<1~ ,-, OBS"lil'i;---. U217i, U!i74 o --; Uf>l 0'1o, 0621\1 •-, 237R, ,t 1;1'>'5/ 

MfAL FRKI4dl 
nATA F~K/ .o~~?~.-.J~l~ •• 6t~4.•,JHO~ •• otqJ7.-,oloss •• nhJlo.o.o 
lo-,OIJ<13·-·00J4Sq,-,l~II•O•O/ 
R~AL FRL (5o3) 
nATA FRL/ •2l,Oe5S,)74•-J3,b31e-~A.IOq•lh,277,•1~.0•30,6qq, 

---. l'l~-54'>·-;.~;..,.-r,-n.,.-;;.~;lH17T>l'5;-:J'+li'""'lT.O....-;>o;-If>9r-

c 
C ,.,P'<f'5FT VAl IJF:S.,. 

c 
c 
c-

nATA LNPN!oLNA~T.LNNU/20•~EOo20*0F0o20•0£0/ 

E'•TRV 7111'NS 
A<;Sir;'' 20 TO LOC 
r,n rn t ooo 

;>0 IFICOUNT,Nf, 0) RO TO 21 
AMS=O, 
RFTlJI'lN 

21 A<;<;JGN ?? TO I.OC 
<;n TO :1000 

***** ZPF."''S 

?2 IF IVPFf>AC ,Nf:, II GO TO ?4 
ASSIGN ~3 TO LOC 
r.o To '>001 

73 AN'\=7FAC 
"'CTUNI'o! 

?4 It IVPFRAC ,Nf, 01 GO TO ?!i 
A'5SIGN 25 TO LOC 
Go T•) t.OOO 

.75 A"S=/1 IIJ 
Pf'TIJRN 

;>& WI'ITFI ,.,,?:1) NF 
?7 FO~<MAT I IOOHO~<>• 7FACTnR CANNOT HF CALClJLATEO RfCA\ISf VAPOH FI~ACT!O 

IN 1'5 IMPROPfPLY ~PECIF"II'O• ,<;WILL Hf A<;SilMfll•/4M NF:••I4l 
C INTENNAL FUNCTION'> ooooo OELNV • UELHL ***** A~•S=O, <; 
C A<; STATEMENT fUNrTION OFLHVL 

--c---·-.--- -·--

c 
OFLHVL (Holl = C 1,5•AS00"*AL OG I I. •HI •1,-Z l *TI"1TIJR 0 1,<18b 

OPOLYCA•R•F•H•Zl=A•CHoCF•H*Zl*Zl*Z 
0AOOYIA•ij•F•H•Zl=A•B 0 '5RFOI•F" 0 SREO?•H*ARED•Z*'5RED4 
MPOLYCAioA2,A3,A4oZl=A1•1A2+1A3•A4*Zl*Zl*Z 

RF Till-IN 
·--c-·--

c 
c 

fNTRY FNTH 
ASSIGN 30 TO LOC 
Gn Tn 1000 

***** ENT~ ••••• 

----'IAOOY"1AToll2o-AJo"AZ.<A5r:llr+A"Z~SRETlT+~7.+A4~ARFIJ+AS"SRro~---

C 
c 
c 

.. ill! F' f COUNr-.rJr.-OTT.!IT..-:Jr-
31 ANS:O, 

CHAO-SfAOER COEFFICIENTS FOR l !Otl!O FUGACITY MFTtll<" 
AS MOO!FIFD HY GRAYSON AND STREED. 32 !FilfMTIJR,LT.1,l GO To 31 

RfAL COfFFTC3•10l . I.OS=I 
DATA COFFFT/ 1.507Q'I,1,31\822,l.O';I35,2.7428J,-1,54831•-2•10R9: GO TO 14000 

-- ·---, cr,.;:;o;>I1•2oo. • .OOO!lo·;n;>RR9o-.!93'16• 0. •-.OI07fu .0?282• .OOilSlls-• --~3-:-i AN~=GFTH 

c 
c 
c 

7.1048h•.OHR52•0 •• -.02529•0.•2*0 •• -.00B72•2*0.•-.003S3•2*0•••00203/ RFTU~N 

CONSTANTS FOR YEN AND WOOOS CORRELATION 
c 
c 
c 

••••• KVAL ••••• 

\0 



fNTRY KYAL 
ASSI~N 40 TO LOC 
GO TO 1000 

40 li'!COllNT ,Nf, OJ GO To 41 

f,3 IF!PR~~U~ ,r;T, PrRIT 1 GO TO !.I 
TTaTfMilJ~ . 
f.NPH!•OfO 
(lO 1'>30 1•1•20 

---~~~~~-.------------------------------------ -----~"~3~0-~~~~}~ro~~7~11~,--------
nn 11'>4 COUNT=l•40 41 1F!VPHIAC ,Nf, OJ GO TO 4" 

t.ns:l 
GO TO 7000 

43 IF !VPFRAC .NE, II GO TO 4~ 
L05=1 
urr OlT"lTml' 

4'5 II~!TE!I'>o 4b) N~ 

46 FOPMAT!9AHO••• K-VALUI'S CANNOT Hf CALCULATED• VAPnR FRACTION 
1PfRLY SPfCII'IEO. LAST VAI.Uf.S WILL 8[ U5f0o/4H Nl'aol41 

47 DO 4B I=I•NOCOMP 
4R LIST!li=KV!II 

IMPRO 

ASSIGN 1>4 TO LOC 
r.n To 12000 

1>4 ASSI~N 6~ TO LOC 
GO TO 11000 

·~n- 66 J-l•NOCOUP 
lfMP=NfWXIII 
NfWXIIJ=X!II 

f,l'> X ([I= Tf~P 
CO\tN=O 

f,7 fFLAG:,FALSf, 
-----~4~qrA~~~----------------------------- -~--------- TffCOUNT' .Err.-TT--GOIU-!ilf __ _ 

c 
c 
c 

RfTURN 

ENTRY TSUBH 
A<;<;TGN 50-~l.OC 
r.n TO 1000 

***** TSURH ••••• 

SO If! COllNT.NE,O,ANO, APS!HCONTI.GT,l,E-4 
ANs~o. 

GO TO 51 

tns=? 
f.O TO flOOO 

f,8 A<;<;!C.N t'>q TO LOC 
GO TO 'lOOO 

1'>9 DO lhO l•loNOCOMP 
TFMP=•VC!I•NFwX!ll 
IF!H""•lTol.f-101 GO TO 1"'0 
IF!AI<S! !TfMP-xCT! 1/Tf"l'l,r,T, 1.(-'51 I'I'LAG:,TOlJf, 

IM X III•Tf"P 
RFTUI>N COllN=Cott"'•l 

51 IF!TfMTl)R,LTo J,f-4 I Tf~TUR=~OO, IF! Cot 0N,GT,ZOI r.o TO Jf><; 
-oTYTE"TOR ------ ------- ··rrrrn ftGT GO ro-·-,.;7-------- -------

00 St'> COUNT= lo32 SltMKX•O·, 
LnS=2 00 lbl l•loNOCOMP 
GO Tn 14000 TfMPoX(II 

52 HTRY•C.fTH XIII=NfWX!II 
~ltMKX~HCONT - HTIIY NFWXIII•TfMP 

--.------,T"TARs-tSTTmfX/HCtiNTJ .t,T. t--;T-"11)~-~·--------------- u-- ._ ·1rr1C CTJ .L T.1.F•l"l "GfT-10 lf'l ___ _ 
ANS=TFMTIJ<> SllMK x:StJMKX• r J,-KY r 1 1, •x r 11 
Rf TURN I!. I CON II Nllf 

55 ASSIGN 51'> TO LOC JF(AHSIStJMKXI/TMnLE ,r.T, ),f-5 I GO TO !b) 
GO TO 2000 llO l'>l l•loNO("OMP 

56 CONTINUE 11>2 LI~TITI•KVIII 
---~-,wrrrr-o·. ----- ------ - · ------ -A•o<;=TrMnJR __________ _ 

~7 FORMAT!98HO••• TfMP[RATURf AT INDICATED lNTHALPY rAN"'OT RE fOliNOo PFTtJRN 
IASSUMF:O TfMPfRATllRE OF STREAM WILL BE USfllo/4H NE=•I41 163 A<;SihN lb4 TO LOI" 
AN~=TT r.o TO ?000 
RFTURN lb4 Cn"'T INUf 

c 11'>'5 WRITU t'>olt'>t'>l NF 
-c---- wwwww HORTP www.w ---- - ----- ----1(,6- F"t'IP!o!AT CR4HOU• 'llllF!I!T:t l'DT"'T 'TTIWEilllTU~ CAMI!lT Rf OF'TT'"'TM'flo l~<;U 

c 
E:NTIIY RlJBTP 
ASSIGN 60 TO LOC 
GO TO 1000 

1>0 II'!COUNT ,Nf, 0! GO TO 1'>2 
f.l ANc;zo. 

PFTlJI>N 
~'>l rr rconNT .ra. II GO TO 1l 

Ln<;•l 
C.n TO 4000 

c 
c 
c 

)Mffl TFMPfRAIWI[ WILL RE li~ED•t"H Nf•• (41 
AN<.,alfMTIJR 
llfTUI>N 

r .. r~v ofw!P 
ASSIC.N 70 TO LOC 
r.n TO I 000 

" IF !l"<llJNI ,Nf o 0! r.o TO 1l 

••••• OtWTP ••••• 

\0 
N 



71 ANS•O, 
RfTlJRN 

7;> tn<;=? 
,;o 10 4000 

73 IF (PR<;<;UR,GT,PCR!Tl GO TO 71 
----· --Tt=Tf~TUR ·····------ -

c 
c 
c 

f.NACI=OFO 
110 7JO l=lo?C 

110 KNACI fl l =OEO 
CALL 7fRO INfWX• 20) 
DO I 74 COUNT=1o40 
"A<;~r,N·-r~~------------------------------------

GO TO 1000 
74 A<;SI<>N 75 TO LOC 

(,() TO 5001 
75 ASSIGN 7h TO LOC 

GO TO 10000 
··71\ nn 77 T=l•NO('(Jl'!P 

TfMP= NfwX I I I 
NfWX(l): X(!l 

77 H ll =TfMP 
COUN=O 

78 FfLAG=,FAL Sf • 
L nc;=? 
GP TO 7000 

79 llO 170 l=loNOCOMP 
TFMP:NfW~I!I/KV(!I 

IFCTF..,P,I T.l,f.-101 GO TO 170 
If I AH'i I I TF ..,p_ X I l I I I IF. MP I • r. T • 

·170 X ITl =TFli!P 
CntiN=COIIN•l 
!FI COIIN.GT,?OI r.o TO 175 
If! ffLAGI GO TO 78 
~IIMK X =0 • 
00 Ill l=l•NOCOMP 
Tf'"l'!P=X!Tl 
X I l I =•IF W X I I I 
NfwX I l J =H:MP 
!FIXI!I,I_T,J,f-1~1 GO TO !71 

l,f-5 I ffLAG:,TI>Uf, 

51 J"'K X= I I, /K VI l I -1 , I* X I l I • <;IJMK X 
171 CONTINUE 

--Tf1Ail515t11'!1CI:l/Tl'!Otl'"·,r,T. l·F-5 J GO TO 17"1 
DO 17? l=loNOCOMP 

!72 LT<;Till= KVIII 
Al'JS=TfMTIJR 
RFTtWN 

173 A'i5lGN 174 TO LOr 
GO TO ?000 

174 CONTINUE 
175 wRIT[! hol7hl Nf 
!76 fOPMAT!81HOoo• OfW POINT TEMPFPATURE CANNOT Rf Of'TEPMINEO• ASSUMfO 

I TPIPfi>ATURt WILt HF. 1!'5EOo/4H NE=ol41 
ANS=TfMTIJR 
QfTIJRN 

!NH"IlNAt FUNCTION ..... COMVEC ••••• 

1000 IFIARG ,GT, 01 GO TO 1001 

c 
c 
c 

c 

Jz-Awr, 
DO 1001 la1o?O 

I 001 X I I I =50C0'4P. I l•.ll 
4CO>H=S'lf.NTH I Jl 
T"Ol f =smmtf 1 Jl 

- Tf~TUR=SOTFMPIJT 

Pl'~'iiii'=StlPI'F S I Jl 
VPfi.IAC=SOVPFI'IJI • ,0001 
r.n ro lOot> 

1003 .J:AIJ(, 
llf' 1004 1=1·20 

1004 XITl=,TCnMP{jo 
H(!l'll=<;(fNTHI.J! 
I>'OU =SI MOU LJI 
TfMfllR=SllfMPIJI 
I'P5'illP :<; lf'~F 'i I.J J 
V~FI>Af=S!VPFNIJI • .0~01 

1 on., rnllfJT=n 
rJn 1 oo 7 I= 1 •NncovP 
!'lXIII ,GT, l,f-101 (0UNT=COUN1•l· 

1001 (ONT!J·JIJF 

1000 

!!O To t.Of• I~0.30.40eC:,Oe60• 71l) 

HllfP>J~l fuNCTIOH ooo•o TTtR ••••• 

TFIC<li"Jl,[<loll c.n In 2.001 
lFIAH'itl'iUMKX-OL(1'iU"II'>IlMt<U,LT,I,f-41 GO TO lOOI. 
T F "'"=-'>IIMK ~ • IT f M l!JI.I,-Otfl (f ~I I I 'ill"K ~-OL{l5UM t" 
If "'=<11 ()<,UM 0 'iUMK X 
(FIARSITfMPl,GT,TMAXl TF ... P=A~5(TfMP)/T[MP•TMAX 
1FIH .... tl.Of0l l"b~=T,..AX/7, 

OH·~=DT•TfMP 

1FI{lTfM0 TF".I f,Of.OI GO Tl"! lOOI 
IJT=ll"" 
GO fO £'00? 

?00 I OT=-?0, 
If ((OUNT .f.O.t) T'-'AX=t;OO. 
1 F" I '-;U._,.f'l X • 61 • 0. , [) T = ?0 • 

?002 OLnTH<=TFMTI!R 
0Lll'-i1J'-4=~llM!<: X 

IF"' T' JR = T f"' T llf' • n T 
?003 lfiTFMTilq ,C,F,O,I GO TO ?o04 

IJT =ll 117, 
TfMTili.I,=TFMf\Jf.( • ~AS lOT I 
r,o TO ?003 

2004 CliNT !Nilf 
TFMTIIR=AMAX II lfMT\lf.lo)~O, I 
t,n TO 1 OC• (t;f.,1f.4ol741 

C (Nif<>NM. HJNrl!ON ••••• CALr.AH ••••• 
c 

JOOO CONI I!Jilf 
A=llf<l 
H=Of.ll 
<;IIM>;=O. 
ASilD!l=lfO 
ilf' lOOI l=loNOCOMP 
IFIXI!Iol.l• l.f-101 r,o Tl"! 3001 

\!) 

"" 



c 

H•B•BASEBIII*XIIl 
A&A+BASEAIII*XIll 
SlJMX=SUMX•XI!I 

3001 CONTINUE 
IFISUMX.LT.1.E-10) GO TO 3002 
A=A/SUMXTn~rm~rr~;--------------------------------------------

R=t!/SU-<XITEMTUR 
ASQ0fl=A 0 A/B 

3000 CONTINUE 
GO TO LOCol4001oA001ol4001+22o74 

~ INfERNAL FONCilON wwvww PCRii wwwww 
C RETURN PCRIT 

4000 ASSIGN 4001 TO LOC 
GO TO 3000 

4001 TRASH=(4.94/ASODRl**,~666667 
PCRIT=.O~b7/ITRA5H*Bl 

c 

5003 ZOUOT•15QBOV2,ZCIIAOV3 
Z~OOT•SORTI-ZOUOTI · 
ZTERM=1.0-ZQOOT••2 
IFIZBETl50llo50l?oS012 

5012 ZPEI=11.57079b+ATANIZROOT/SO~TIZTERMlll/3.0 
GO TO 5013 

5011 ZPEI=ATANISORTIZTERM)/ZROOTl/3.0 
5013 ZFACT=2.0•SQRTI-7ALFOV3l . 

ZZ=ZFACT•COSIZP~Tl-7BIOV3 
IFIZZ.LT.0.2l WRTTEibo5555lZloNEoARG 

5555 FORMATI*OWARNING - VAPOR COMPRESSIBILITY LESS THAN 0.2 (*of5.3o*l 
1 - t.YUI!-'MENI* 

5100 ZFCTOR=ZZ. ' 1 ~•
9 

SIRE~~ 
ZfAC=ZFCTOR 
H=BP/ZFAC 

GO TO LOCol23oA002o14002o75l 
uo--.u-- ---r:D":'r.l'"TI-.r=;----------------------------------------------,..-------------------------------------------------------------------

c FNTRY LZfAC 5000 C 
C INTFYNAL FUNCTION ••••• ZFAC ••••• ZfAC 5001 C INTERNAL fUNCTION ••••• L!OilEN ••••• 
C RETURN ZFAC C RETURN ZLIO 
C C ••• YEN ANil WOODS CORRELATION ••• 
C ORIGINAL N~WTON-PAPHSON ITERATIVE SOLUTION FOR. REilLICH-KWONG 6000 CONTINUE 
~11-s--HEEN REPLACEII FOR CDCMOO vERSION ----cllfO-AA"MI<:<r,i<...-rr------------------------
C WITH AN ANALYTICAL SOLUTION FOR THE CUBIC IN Z PST=O.OEO 
C PSV=O.OEO 
C THE VAPOR COMPRESSIBILITY ZfCTOR IS ALWAYS THE fiRST ROOT-ZZ ZCE=O.OEO 
C THE SAME ENTRY. POINT IS NOW USED FOR CALLS 5000 •5001 DO 6101 1•1•NOCOMP 
C AAMW=AAt>!W•XIIl*AMW(Il/TMilLf 
~uuu-~o~t . 
5001 HP=B•PRSSUR PSV=PSV•XIIl*AVCIIl/TMOLE 

Z~1=-l. 6101 ZCE=ZCf•XIIl*ZCO!Il/TMOLE 
ZR2=8P~IASOilB-I,O-BP) P5P=I7CE•10,73EO•PST)/PSV 
ZR3=-ASO~B*BP~RP ACON=DPOLYI17.44?5E0•-214,578F0•9A9,625E0•-1522.06EO•ZCEl 
ZA10V3=ZB1/3,0 IFIZCf,GT,.26EOl GO TO 6111 
ZA:L-y::-z-Bc-ztH v-lH IOV3 RCUN-DPOLT t-3.28751£0 .13.63 I lEO tl 0 I .4844EO •-JB4.2 I lEO .-zm 
ZAET=2,0*ZB10V3••3-ZB2*ZR10V3•ZB3 GO TO 6120 
ZRfTOV?=ZBET/2. 6111 BCcN~DPOLYI60.2091EOo-402.063f0•501.EO•b4!.EO•ZCfl 
ZALFOV3=ZALF/3, 6120 0CON=,93EO-BCON 
ZCUAOVJ=ZALfOV3°*3 TROD=TEMTUR/PST 
ZSOBOV2=ZBETOV2~•2 C IFITROil.GE.I.EOl ~RITFI6o~l2ll 
ZUU.---=7SOBOVC+-LUJAOV3 C6121 FORMAl (Vf!JARN}NC,- AI TEMPtiNG 10 CALCULAIE LtOUIO OENSTTT~-AT--RFD 

C rnR ZDEL •VE THERE IS ONLY ON!: REAL ROOT C IUCEO TfMPERATURES AfiOVE 1~1 
C FOR ZDEL -VE THERE ARf THREE REAL ROOTS ARED=1.0EO-TROD 

lfiZDfLl5003o5003,5004 lfiTROO.GE,1.EOl ARE0=0,0FO 
5004 ZEPS=SCRTIZDELl SRED1=AREO~•(I,/3,) 

ZRCU=-ZRETOV2•ZEP5 SPf02=SRf01*SREDI 
ZsCU--Z8EIOV2-ZEPS E04=SRt02o5REO? 
ZS!R=1,0 RHORS=DAOOY!1EOoACCNoHCCN,Of0oOCON) 
ZS!S=1.0 E27=0ADilYI.714E0•-1•6?6E0•-•646EOo3.~99E0•-2•19BfOI 
IFIZRCU!5007o500Ao500A IFITROO,GE.1.0E0l GO TO 6300 

5007 ZSIR=-1.0 F27=-ALOGITRDOl 
5008 IFIZSCUl5009o5010o5010 f27=,26AEO*ITROD••2.0967!/II.OEO•,~EO*IF27••.44lll 
5009 Z515=- , , "• E0•4,221EO* ( ( l.OlEO-TRODl u,~-r-r;tr4.!!l'll•n-;OI£O;.TPODI 
5010 ZZR=ZSIR*IZSIR*ZRCUI*•0.33333333 11 

ZZS=ZSIS*IZSIS*Z~CUl••0.33333333 G~ TO 6301 
ZZ•ZZR•ZZS-ZB10V3 6300 F27=.26BEO*ITROD••2.0967l 
GO TO 5100 G?7•.05EO 

1.0 ..,. 



6301 H?7zOAOOYI-10.6FOo45o22EOo-103o79f0•114o44EOo-47,J8EOI 
IfiZCE.LT •• 25EOI GO TO 6102 
IfiZCE.GT,,30EOI GO TO b104 
OfLPZ:CZCE-.25EOI/,012EO 
AFAC:3,1FO•OPOLYI-.21417E-1•-.133624E0o,0619168[0o-,010875EO• 

r Dtl PZ J ODE( PZ 
GO TO f>l03 

6104 Af'AC:1,BEO 
GO TO 6103 

6102 If'IZCf.LT •• 23EOI GO 10 6105 
DFLPZ=IZCE-.23EOI/o005EO 
AFA-c:-=-.J.I ~to +oPocv t-.2RJJY2t-z •• JSRJJtt-z,-.JJOSBF.-2• .4IS'iSIE•J, 

l DELPZI*DELPZ 
GO TO 6103 

6105 AFAC:3,15EO 

c 

8002 ASSIGN 8003 TO LOC 
GO TO 10000 

8003 ASSIGN A004 TO LOC 
(';O TO 9000 

8004 GO TO (47o691 olOS 

C INTERNAL FUNCTION ***** EOR ***** 
c 

9000 CONTINUE 
DO 9001 I•1oNOCOMP 
AKV=2.302585f0*LNNUIII•LNACTIII-LNPHIIII 
~ATfUKVf.'~;-J 

O~V=AMIN11DKVo30,1 
9001 KVIII=f~PIDKVI 

GO TO LOCol7003oR004of>91 
6103 PPs:E~P12.30258SEO•AFAC•IIoEO-C1.EO/TR00)1) C 

llfLP= IPRSSUR/PSP!-PRS C INTERNAL FUNCTION ***** GASFUG ***** 
: 

lfi0ELP.LT •• 2EOI TT•0,2E0 10000 ZT•ZfCTOR -1. 
DFLDIJ!of,E27of27*AI OGITTioG?7*EXPIH27•TTI ENPHI•OfO 
IfiOEtP.LT,0,2E0! DflOUM=OF.LOUM*IOELPI,2EDI lfCH.GT,,999fOI r;o 70 10002 

6113 lfiABSIZCE-,27EOI,GT,1.E-10) GO TO 6107 ENPHI=ALOGIZfCTOR*I1,-H)I 
ROZC:OEO 10002 ASCON•ASODB*ALOGI1o+HI 

------r.o-Toorrz--- -------- ---- ----·-- -----tlTa-R*IE~-- --- ~------
b107 J"l AT• A*TEMTUR**1.2~ /2, 

lfiZCf.GT •• 27EOI J•1 00 10001 1•1oNOCOMP 
IfiZCE.LT •• 27fO,ANO,zr.E.GT,.24EOI J•2 IfiAT.t TolE-301 AT•RA~EAIJ) 
RI1=MA00YCFRII1oJI•FRI12oJioFRII3oJiofRll4oJiofR!IS•JII lfiRT.LT.1E-301 RT•BASEBIJ) 
RJ1:MA00YifRJI1oJI•fRJI2oJioFPJ13oJ)•FRJC4oJiofRJI5oJII BTT=BASEHIII/BT 
RK 1-~Pt.c f \F RK C 1 •Ji tF PK <Z•JI •f RK C J,JJ tf"RK l4tJJ • TKIJIJJ 10001 LNPHI ( 1 J: l I *RT T-F.NPH t• At; CON* (BASEA ( J I I AT-8' TJ 
Rl1"MAODYCFPLI!oJiofRt (2oJioFRLI3oJioFHLI4oJioFRLI5oJ)) GO TO LOCol76oB003) 

6110 TT=DEtP C 
IFIOELPoLT,,ZOEOI TT•,20EO C INTERNAL FUNCTION ***** LIOACT ***** 
ROZC:RI1+RJ1*ALOr;CTTI•RKI•EXPIRLl•TTI C 
lf1DELP•Ll••20EOI HDZC=R07C*IDELP/0,2EOI 11000 SU ... OEL=OEO 

----~6~·l~Ir2r;R~A~O~=~RHORS•DECOUM+HDZC SO~V~ 
ROCRIT:IPSP*AAMW)/IZCE*10,73EO*PSTI DO 11001 !•1•NOCOMP 
RO:RQCRIT 0R~O AV251li=AVWIII*I~.7•3,0*TFMTUP/ATCIIII 
ZUO=IPRSSUR*AAMWI/110.73*TEMTUR*ROI If IX Ill ,Lf,1.F-101 GO TO 11001 

6007 LHC:B*PRSSIJR/ZLIO TfM•XIII*AV2511l 
6008 GO TO LOCo 125o140041 SlJMDEL =TEM*ADEL I I I • SUMOEL 

).: <;IJMV : T01 • SUMV 
C INTERNAL FUNCTION ••••• L!OPRM ***** 11001 CONTINIJE 
C IF"ISUM'IoLT.1.E-301 GO TO 11003 

c 
c 
c 

7000 ASSIGN 7001 TO LDC SUMOEL: SUMDEL/ 5UMV 
GO TO 12000 11003 DO 1100? 1•1,NOCnMP 

7001 AS51GN.7002 TO LOC 11002 LNACTITI•AV251li*IAOELIII-SUMDELI**2/TEMTUR/1.1033 
~r~mr------------------------------------------------------------------~~~n-rn~~~~~?T 

7002 ASSIGN 7003 TO LOC 
GO TO 9000 

7003 GO TO 147o79!ol0S 

c 
c 
c 
12000 

INTERNAL fUNCTION ***** L!OFUG ***** 

CONTINVE 
INTERNAL FUNCT'n., ·-·· ***** VAPPRM ***** DO 12001 I"1oNOr.OMP 

8000 ASSIGN 8001 TO LOC 
GO TO 3000 

8001 ASSIGN 8002 TO LOC 
GO TO 5001 

TRt1>=1TMTUR/ATC(J) 
PRED=PRSSUR/APCIJI 
J• 3- 12/COMPNTIIII 
lfiABSIAOMEGIIli,LT,,03,ANO,J.E0,31 J•2 
ENNU:!ICOEfFTIJ•SI*TRED•CoEFFTIJ•4II*TRED•COEFfTIJ•3li*TREO• 

\0 
\Jl 



1COEFFTCJo2l/TREO+COEFFTCJ,ll+CCCOEFFTCJ•6l*TREO•COEffTCJo7ll*TREO 
2+COEFFTCJo6ll*PRfD+CCOEffTCJ+10l*TREO•COEffTCJ•9ll*PREO*PRED-
3ALOGCPREOl/2,302~R5 

SIJHROliT I NE MSEQ 

C THIS VARIATION SUGGE~TEO RY GRAYSON AND ST~EEOo 
IfCTHEO.GT,1E0) TREO=!EO 

c 
c 
c 

****** COMMON OFC~ ****** 
lZOOI LNNO (I) =t.NNO+AOME h t J Joe ( ( -.4 • 15224* fR£04 I REIJ+8.65808J *I RED-4.2389) 

1 -1.2206/TREO-,O?S*CPRE0-,6)) 
COJIIIMON/STSC/l IMI f •l I MTTZ•lTMIT:hLOOP•LOOP"'; 
COMMON/SVSD/KffLAG!SOl•KSfLAG!lOOl•KT~ACE+DERRORoNPFREO•IPUNCH 
COMMON/EQPA/EQPAR!25•SOioNEMAXoMAXEQP 
COMMON/CONTL/NINoNOUT,NOCOMP.Nf,NEN 
COMMON/STRMIN/SINUM!8loSIFLAG!6loSIVPfR(H)oSTTEMP(81o 

c 
c 
c 

GO TO LOC.C64.7001l 

INTERNAL FUNCTION ***** ZPH ***** 
RETURN HBASE 1SIPRES!RioSIENTH!8loS!VISr.!HioS!THKCRI•~ILZl~I•S!Vl!Hio 

LlUOU SAPH-Ot 0 25 t MOLE (H) •5 I COMP ( 20, k) •5 t kV ( 20 ,H) 
SBET=OEO COMMON/STMOUT/SONUM!Hl•SOFLAG!81•SOVPf~C8loSOTEMP!Alo 
SGAM=OEO ISOPRES!81oSOENTH!AioSOVISC(HioSOTHK(Rl•SOLl!Rl•SOVl!Hio 
SOTA=OfO 2SOM0Lf!8loSOCOMP!20•8loSOKV!20•Bl 
DO 13001 1=1oNOCOMP COMMON/HXMS/NHX!IOloSAVENf!5loSIZE!51 
If!X!Il.LT.1.E-!0) GO TO !3001 C 
SAPH-SAPF1+X \I J *APR\ I J C **lnnRJ. 
BET=SBET+~! I I *AfT! I I • C 

SGAM=SGAM+XCI!*GAM(l) INTEGER HR•COUNTofiPSToSTfPoSTGLST(R)oSAVENEoSIZf 
SOTA=SOTA+X!Il•DTA!!I RFAL SAVEIN!27o80loSAVFOT!?7o2)o!NT!27o241 

13001 CONTINUE LOGICAL fLAG•FLAAAoSWoSAVFSW!SI 
TOK=TRf/1,8 RfAL S!Ol!M(flo61 oSOOUMC6o61 

------HRA'ie= I I (SOl A74.•IO~!;J.~r.J-;T•TOK•SBE:TTCOJ-w-Tfl"K"i'SAPHJ •TRE ---------- -- f'QUIVALEI'f!:r--ISIOtiM;stNUM) ,- CS00Uko50NUMl 
GO TO LOCoCI4006l CALL Zf~OXCSTGLSTo81 

C CALL 7ERO(!NTo 64Al 
C INTERNAL fUNCTION ••••• ~ETH ••••• N=EOPARC2oNfl • 0,1 
C RETURN GETM IFCNoLF,251 GO TO ~ 
14000 ,li,SSIGN 14001 TO LOC WRITE( 6o31 '<E 
-u ~·;o~M~U"L-'~T"'J"<;"T"'A"G"'F~E~O-.U""'I cr-.-I"R0RTJ1'1lJ"'Mc-rC .. A"L-rC .. Utrt-1At<T,_.!.,t"'ifilln---cAOI[C'(t"Onww<::<;---r10"'NIT'(Y ~ 
14001 IFCVPFRAC oNE. II GO TO 14003 - !STAGES• CALCULATIONS WILL BE RY-PASSfO FOR FOUIP~FNT N0o•l3l 

ASSIGN 14002 TO I OC RETURN 
GO TO 5001 5 N=N-1 

l400Z. HOEL=DfLHVL (HoZFr.TORI * TMOLE RA=O 
GO TO 14005 NOCOP7=NOCOMP+7 

14003 IF t VPF PAC .~ , :-r.-s-·_:__----------------
ASS!GN 14004 TO rOC !F(SAVENECII.EQ,O) GO TO 10 
GO TO 6000' IFCSAVENE!Il,Nf.~El GO TO 9 

14004 HOEL=DELHVL ILHC•ll 10 I* TMOLE SW=SAVfSW (I I 
14005 ASSIGN 14006 TO I OC 00 7 J=l•N 

GO TO 13000 00 7 ~=loNOCOP7 
14006 Gt IH RHASE- HDEC 1 lNT(K.J)=SAVf!N{K.J•BR) 

GO TO 14009 EOPAIH2oNEI =2. 
14007 WR!TE(6ol'+0081 1\JE GO TO 14 
14008 FORMA1!99HO*** EIIJTHALPY CANNOT BE CALCULATED, VAPOR FRACTION IS IM 9 RB=B~•SIZEC!l 

1PPOPERLY SPEC!FlfO, A VALUE Of ZERO ASSUMEDo/4H Nf=ol4) 10 SW=.TRIJE, 
GfTH= O, EOPAR(2oNEI=Oo 

14 o o 9 r,o t o t 33.52 l • LOS I r ( ~N;.;•~R;.;R;.::.:,:;L:.;E;:,;R~orrr-1 -Grcon-Ttno-.1"4:----------------
ENO WRITE( 6ol21 Nf 

12 FORMAT(69HO*** CAPACITY OF SAVEIN MAT~!~ fXCF~OFO IN **M<;fO••. EOU 
!IPMENT NO. !Sol41 

RFTURN 
14 P'-'IN=l.E4 ----=--''-Dilll>T=T;NTN _________ _ 

If (5 !PRES (II oL T ,I•M!N, ANO,<; !MOLE C I I oGT ,O, l PNIN•S!PR[<; Ill 
16 STALST(!l=EOPAP(J•2•NFI • Ool 

F"LA(,A: .F'ALSE. 
00 19 t:rl•f•HN 

1.0 
0'1 



!RR=l•RA 
DO ll J=lo6 

17 S~Vfli\J!Jo!HR)=Sli'IIJM{!,J) 
SAVFIN!7olHBl=SlMOLFI!l 
DO 1 H J=loNOC0"1P 

-----..!~a~sAvnN"r.J•r·IBFrr-=·caC"OMPT:J;Tr----------

1'1 CONTINUF 
"i!lM=O • 
f\('1 20 !=I•NIN 

20 'i\IM=SIIM+SIMOLE !I l 
S INU'1 I I l =0, 

-----srFL 
SIF:NTH!IJ=O. 
<.!TFMP<ll=O, 
'i!PRE~. (I l =0, 
S!MOLF!IJ=O, 
CALL 7FR0!'i!COMPo20J 

-----·-on-zz r = r. -z 
IF !SOTFMf'(ll,LT,J,) SnTEMP!ll=5bO, 
on ?I J=lo6 

?I SAVfOT(Joll='iOOUM([,J) 
SAVfOT ('! ol l :<;OMOI f I I) 
00 ?2 J=loNOCOMP 

22 SAVEOTIJ•7•ll='iOr0"1P(J•ll 
LA">TC=h 
IF (L(lOP,LF .l,OR,LOOP,r;LLOOPS) LA5TC=20 
00 560 COUNT=IoLASTC 
If ( 'iW l GO TO 24 

34 IF!5!TfMP(l),!T.l,.ANfl,SAVfOT!too!!),LT,I,) GO TO 35 
lf(<;AVFOTI4oiiJ.r;T,I,J S!TEMP!Il='iAVfOl!4olll 
GO TO 36 

35 'i!TfMf-'(}):560, 
31' CONTI N\lf . 

--------- -u:t.L AORF --------

c 

'iAVE<lT I 3ol l =SOVPFR ( 1 l 
SAVF:OT!3o2l=50VPFR(2l 
Fl Ar;=. TI<UE, 

c~u FORCE OVFWALL MATFRTAL RALANCE ON COLUMN TERM, STAI;F 
T ------------------------------------

IF !C:OIINT-Cr>UNT/2<>2,Nf,0) 1;0 TO 39 
TfMPO='iOMOlf!!ll+<;AVfoT(7,JJl 
IF(T~MPO,Lf.O,) r,o TO 40 
HMP<l=!SUM-TFMf'Ol/SIJMUSOMOI.E!T!l/TEMPO • I, 
IF (TFMPO,GT .2. l TfMf'D=2. 

----- --~ F (TfMPO. L T .1 • l TFMPO= I, 
KK=II 

37 l)r) 31'1 .J= loNOC'0"1P 
3A <;OCOMf'(JoKKl='iOCOMP!JoKKloTEMPO 

SOMOLE!KKJ=<;OMOLF !KKl<>TEMPO 
SOFNIH(KKJ=SOFNTH!KKl•TF~PO 
!FIKK.F'Q,jJ) GO TO 3'1 
KK=JJ 
r,o TU 3'1 

3'1 GO TO 41 
toO TF:MPO=l, 

FIRST=! 
---------<;TF'P=i' 

II =I 
JJ=2 
GO TO ?5 

?4 FIRST=N 

----------------------------- ----- --~- .. T--u!T t<l'i--J=t< oNODJPT 
lf(,J-7) 42o43o44 

42 TFMP=SODUM!lloJl 
GO TO 45 

STFP=-1 
-------11=2' 

J./= 1 
25 DO 27 l=l•NIN 

J=STGLST!ll 
JF!J,fQ,O) GO TO 27 
IF!J,fQ,I,ANO,SW,()R,J,EQ,N+I,ANO,,NoT.SWl GO TO ?7 

-----.. , SWJ-Y-<:r"-r 
00 26 K=2oNOCOP7 

26 INT!KoJl=INT!KoJl+ SAVE!N(Kol+BB) 
27 CONTINUE 
28 !=FIRST 

to3 TFMP=SO~OLF<IIl 
r,n TO 45 

-------------_-44'-rnw=·soc:rrnPT'J"7iiTI--- ----- -------
toS IF!ARS!TEMP-SAVEOT(J,T!ll,GT,OENROR 0 TEMP,ANO,TEMP,GT,O.OOO!l 

I FLAI;=,FALSE, 
46 5AVEOT(J,!ll=TF"1P 

IF!EUPIR!IO•NFJ,Nf,Q,l WRTTfl6•io7l li•<SAVEOT!Jolll•J=I•NOCOP71 
47 FORMAT!MOHO*** THIS OIITPIIT COMES FROM ~ULliSTAbE [Q, ROUTINE WHEN 

--------TF'QPARn o·;r.JlT"TS"'1-f(IT'7f:"'HYOT1ll-l--'>fiVE11T C Jo; rr.-51-H fiRF .I I I OX • 7(,! 0 ,3) I 
I;O TO 4'1 

48 CALL AOHF 
<;AVEOT<1,1l=SOVPFR!I) 
SAVEOT!Jo2l=SUVPFR(2) 

?'I no 30 .J=2.6 
---3=0-STTJlH'H1iJT=-T"'N,..T'T{o_lr.:,-.r,-I--------------------------

4'1 CONTINUE 
----rrTr; Nr; 1·;-,.-!lll); sw;·m:r;T;NE-;lii,-,.-NIJ.-;NOT; 5W 1 GOill--50"---

SIMOLf!ll "INT!7ol) 
00 3! J=loNOCOMP 

31 5TCOMP(Joll=!NT!_!+7•1) 
IF< c;w l GO TO 3? 
K=!+l 

----'till TO 33 
32 K=l-1 
33 STPRES!Il=P"11N 

- -~----------~--

IF!I.F<l.!.ANO,,NOT,SW,OR.!.EO,N,ANO,SWI GO TO 34 
GO TO 41l 

GO TO "i3 
50 DO 51 .!=2•6 
51 INT!JoKl=INT(J•Kl•SOOIJM(JJ•Jl 

Y,1T !4, K) =SOTEMP !..J.Jl 
INT!7oKl=INT(7oKJ+SOMOLECJJl 

-- -------- i)O .. 52- :J= I, NOCOMP 
52 !~T!J+I,Kl=INT(J+7oKI+SOC0"1P!J•JJl 
<;J CONT!NIIE 

on sto J=2•" 
54 INT!Joll=sOOUM!JJoJl 

\0 
-..J 



JNTI7oJI•SOMOLfiJJI 
on 55 J:loNOCOMP 

55 INTIJ+7oii•SOCOMPIJ•JJI C 
I•J+'iTff> C 

Sllt<ROUT I Nf PUMP ...... COMMON OFCK . ..... 
IF <I.Ll.l .ol>. J.GT.N! r.o TO 51> C 

----_;.1'1107'1 -- -~--c;mmmrT<;YSD7liTrLI'iGf51r)ii<';TUIUITU1T)OJITP~CE"·o"UFPPOll'oNPF1lfl'l• TPUNCH ··-
<;t> lf!flAC..AND.flAGAI GO TO <;A COMMON/f~PA/E~PAP(2~o501oNfMAXoMAXF.OP 

fl AGA• ,f Al SF • COMMON/CONTL/NI N. NOtiT .N~CnMP, NE oN~N 
JFIFLARI FLAGA•,lPUE, CnMMON/STRMIN/SINUM(HioSifLAG!HI•SIVPFRI~IoSJTfM~(Rio 
EOPAR!?oNEI=J. ISIPRESI!<I oS!ENTH!RI oSIVISCIBI •SITHK(RI oSILZIRI oS!VZ181 • 

560 SW•,NOT ,SW ?SJMOLf (HI oSICOMP (20o>l) o<;IKV120olil -c-------
---,w., • -----COJ.!MW/5THUUI/';ON!J!ITf1f0'>01'CAGTR,...,OVPtliTRT;so~r, 

lf1COIJNT,GE.201 WRITF.:II>o'>71 Nl'oLASTC JSOPRFSiflJ oStlFIIlTHfRJ oSnvy<;f'(f<J oSOTHK(RJoSOLZI~I •SOVZ!Ill • 
'i7 FnRMATISRHO"•* MIILTI-c;TAGF f'QtJJLIARJUM CALCUI.ATYON !'OR EOUJPMfNT N ?SOMOLf!Hio'iOCO"'P!20olilo'iOKVI~OoHI 

IO.oJJo23H DID NOT CONvERGI' AFTERoiJol2HTH !TFRATI0No/28H CURPfNT V C 
!AlliES WILL Hf LISfOJ C 

SA 00 61 1•1•2 C 
--~-----nn-~q-J~I•~-----------------------------

<;9 SOOU"'!IoJI•SAVEOTIJ•II 
<;OMOLf (I I •SAVI'OT 17ol I 
00 60 J•loNOCOMP 

60 SOCOMP(Joii•SAVEOT(J+7oll 
61 CONTINUE 

On 64 T•ToNTN 
on 62 J=lo6 

62 SIDLIMIIoJI•SAVEJN(Jol+HAI 

.......... 
nll'IFNqof.rnu"'ul 
DO I l•loNOCO"'P 

OCOMP!loli•SICOMP(Ioll 
SOMOLf 11 I •S I MOl f1 I: 
SOTEMPIIJ •'>!TEMP(!) 
SOVPFR(IJ•SIVPrRIII 
!FCS!VPfRC1)-0,9Q9J l?o3o3 

3 N=EQPAP 12•NFI 
PR•1fnPAR14oNEii5lPRES1111••1l,/NJ 

SIMOLEIII •SAVEIN17oloHBI TfMP•PR••O.~I?h-1,0 
00 63 J•loNOCOMP CALL 7nENS()oOFNS1o0UMI 

6) SlCO~P(Joli•SAVElN1J+7ol+RRI W=OENST•J,986°SITFMP111*4,746IS*TF.MP•SIM0Lf.lll 
--nr.-cONT~ :V*llr _____ --- ~··-- -----.-~---- -·- -----·--- ---

HR•O IFI~.LE,fQPAN13oNFII ~0 Tn 5 
nn 67 l•lo6 PP•1TEMP•EOPAR(3oNEl/W•l.l**4,74~1S 
Jf(!,GT,S,QR,5AVENEilloEO,Ol GO TO 6R SOPRESfi!=SIPRESfii*PR**N 
lf15AVfNE111.NE,Nfl GO TO 67 W•EQPAP(JoNEI 

65 SAVE5Wf!J=,NOT,SW GO TO~ 
------n-o -r;o-J:T;N·- I 5 <;rJPPF'>TTr:roPJIR!f, ,-Nfl ---- --~---·- .. ---- ----

On 66 ~=loNOCOP7 I 6 CALL FNTHI-)oSOENTH!l I oOUMI 
~6 SAVEINIK•J+BBJ:JNTIKo.JI EOPARIR•NEI•(W-(<;OENTHIII-S!ENTHIIIII/124,95 

GO TO 69 7 lflfQPAR!SoN[l,Gf,O,I GO TO 8 
~7 HA•RH•SllEIII EOPAR17oNfi•W•,3~03hJR3E-? 
68 !f(J,GT,SJ GO TO ~9 ~0 TO 10 

-----JTTlffi+N,t. I .sol 8TF'TtoPlllH'>.I'iiT:l':l):-o-;:TN-rr;-FOPA!n1;~a:O.It.oTn-q . 
. SAVF.Nfiii•NE EQPA~(9olllEI•W/(FOPAP(r,,N[I-EOPAR(6oNEli/.AS 

ST7E1ll•N ~0 TO 1·1 
GO TO 65 I 9 FOPAR()Q,NEI•W*2,92AE-41,R'> 

69 EQPAR12oNEI•N•I 10 CONTINUE 
RFTURN I RFTURN 

fT!.!f'"TE'Ol'AJIT~t;~P~{TT17'\IPRr5IT ------ ·-·----- --~ ----
CALL lllfN!>( loDEN<;ToOlJMI 
W=OFNST•TEMP•l,9R6*51TEMP(li*S!Mm.E111 
IFIW.GT.[DPAR(3oNfll ~0 TO 14 
SOPRFSCIJ•fDPAR14oNfl 
GO TO IC, 

------r4--SOPRFSIIJ•TFMP/W•rOPAR(3•NEl*S!PRES(\I +S!PRFS(ll 
W=FQPAP (J o Nf I 

)<;CALL ENTHI-loSOtNTHIIJ•m~l 
~0 TO 7 
f'll) 

l.O 
CP 



SUAPOUT!NE RCYCLF 
c 
C ENTRY PCYOV RF~UTPfn FOR RETURN FROM LOWER LEVFL 6400 OVERLAY 
c 
c 
C ~ 0*~** COMMON OFCK ****** 
c 

COM~ON/SYSA/KPMI!Ot50!tKSFMI3t100l•N3MA~ 
COMMON/SYSR/KE11SO!tNF1MA~•KE215U!•NE2MAK•KE3150!•NE3MA~• 

1KF4110! oNE4~AK•KPET•KRET2oKPET3 
Cf1M"'1flN/SVSC/l I M I I •l I M t I C'•L IM I I 3•LOUP•L--unv5 
COMMON/SYSD/KEFLAG(50!•KSFLAGI100!•KTRACE•DEPROR.NPFREO•TPUNCH 
COMMON/CONTL/NINoNOUToNOCOMPtNE•NEN 
COMMON/EOPA/EOPAPI?StSO! •NEMAXtMA~EOP 
C0MMON/STMA/S~XT~VI23olOO!•SINTSV(10t100loNSMAXtMAXSEK•MAXS!N 
COMMON/STMOUT/SONUMIR!tSOFLAG(BltSOVPFRIBl•SOTEMPIB)t 

------,-,._ OFRT.'STgl-.~\gTo5l'TVTST:T1'r) • SO I AK ( fl) , SO[l ( fiTTSOVZT("8~)~,------
2SOMOLEI8!•SOCOMP120oA!•SOKVI20•Bl 

COMMON/OVR/NRET 
c 
C .:ptOOO* 

c 
-~-~~lTFGEP l.IT2-,LK1'"1 

NAMEL!ST/DATOIJT/~ONUM,SOVPFR•SOlEMPoSOPPES•SOENTHtSOMOLE•SOCOMP 
DATA LKE2tLKf3/4HKf?,,4HKF3,/ 
IFINE2MAX ,fQ, 0) GO TO 4 
00 2 I= I •NE2MAX 

2 Kf1 1l!=Kf2(!) 
----l'!n1-lliX=NE7RJI',C __ _ 

NF2MAX=O 
WP!TEI 6o3) LKE? 

3 FORMATI6AH1*** AFGIN TRIAL ANO ERROR RECYCLE CALCULATIONS WITH EOU 
11PMENT LIST oA4! 

GO TO 10 
---4~FTNFJ~~ur-uu~·u-------------------

OO 5 !=1•NE3MAK 
5 Kfl (I! =KE3 (1 l 

NF1MAX=NE3MAX 
NF 3MAX=O 
WRITE! 6t3l LKEJ 
(;()TO- 10 

B WPITE ( 6o9l 
9 FORMATI66HO*** RFCYCLF COMPUTATION REQUIRED RUT fOUIPo LIST WAS NO 

1 T SUPPLIED l 
KRET2=2 
RFTIJRN 

!O LOOP=! 
c 

35 LTM !T2=0 
WP !TE ( 6 t 36 l LOOP 

C *I* IS COUNTING INDEX FOR KE1 
36 FOPMATI11HO,,, BEGIN ,4HL00Pt14t4H ··~·~~-----

c 
1=1 

102 CONTINUE 
37 Nf=K£1 ( J) 

CALL EQUIP 

NPET=1 
CALL FOCALL 
GO TO 101 
ENTRY I>CYOV 

101 IFIKTPACE.E0,3l WP!TEI6•0ATOUTl 
---C:ALL'Ir;T-----------------------------------------~----

CALL REQlJIP 
C IF l JM!T IS ZERO• CI1NVF:Rr.ENCF Of!TAINED FOR EQUIP, KFl I J) 
C NU~RFP OF !TFM~ EXCEEDING DERAOM IS VALUE OF LI~IT 

!FILIMJT) 86t86o6A 

c 

68 LIMIT2=L!M!T2+1 
-RDr=T• 

!FII.LF,NEIMAXI r,o TO 102 
R7 JF(LIMIT2,GT,OI r.O TO 113 

C CONVFMGENCE ORTAINEO IF !IM!T2 J<; LERO 
c 

·-·Grr-IIT!-:J~--~---------·-- ---

c 
C CHECK NIJMRFP OF LOOP<; THRU KFI 
c 

113 IFILOOPS-LOOPoLf,Ol Go TO lib 
IFINPFRFQ,EO, 0 l GO TO I!~ 

!FilOOP/NPFPfO•NPFPEQ,EO,!.OOPl CALL PTPPNT 
1!5 LOOP=LOOP+l 

C GO THRIJ KFI LIST AGATN 
c 

GO TO 35 
C MAXIMUM NlJMBER OF LOOPS TRIED WITHOUT CONVERG!Nr., 
c---------~~-- ---~-~---------

c 

116 WRITE! 6oll7! 
117 FO~MAri77HO••* EOIJIPMENT CALCI~ATION LOOP DID NOT CONVERGE• COMPIJT 

lATIONS WILL CONTTNUF,! 

13 00 14 l=l•NEIMAX 
rC=liTTnr-- · --------------~-------

n_FLAGIK!=l 
00 12 .J=2oNJMAK 
L=KPMIJtKl 
lf(L) 1ltl4ol2 

II L =-L 
IF tKSF[Ahtl) .EtJ.tlJ KSFLAGTI:T=-r--·------

12 CONTINUE 
14 CONTINUE 

WRITE! 6ol6l 
16 FoAMAT(32HO*** FNO OF RECYCLE CALCULATION<;! 

KRETi'=l 
RFTUHN 
ENO 

\0 
\0 



t. 
(!) 

~ 
::t> 
1/"J 
-1 
fTl 
::.0 
c z 
< 
fTl 
::.0 
~ 

~ 
r. e 
s 
~ 

0 

SUAROUTINE REAC SIJBROUTJNf: SCAN 
c c 
C * 0 ~**° CO~MON OFCK ****** C ****** COMMON OFCK ****** 
c c 

c 

COMRUJ\rTSYSUTKEn.Am~GTTli1Tltl< I RACE oOEIIRORoNPf REO• I PUNCH C1'iMHONTSYSA7k'PJ.4Tfn~,-o;,iToKSf~Ool 00 rolHMA'c-· 
COMMON/EQPA/EQPARC2St501•NfMAXtMAXEQP COMMON/SYSO/KffLAGI50l•K~fLAGIIOOltKTRACE•OERRORtNPfP[Uo!PUNCH 
COMMON/CONTL/NINoNOUToNOCOMPtNEtNEN COMMON/EOPA/E0PARI2St50)oNfMAXtMAXEQP 
COMMON/STRMIN/~INIJMCAI•SifLAGCRltSIVPfR(8ltSITEMPC8Io COMMON/STMA/SEXT~VC23tl00)o5INTSVCIOoiOOI•NSMAXoMAX5fXoMAXSIN 

ISJPRfSC8l tSifNTH(fll •S!VJS("IRl tSITHKCAitSILZCRl tSIVZCRl • C 
2S!MOLFC81tSICOMPC?OoBloSIKV(20tR) C ****** 

COMMON/SIMOOI/SONUM(R} tSOFLAGtHJ ,c;QVPfl'(lbJ tSOIF.MPIBJ • t: 
ISOPRE~CRloSOfNTHCAltSOVISrC81oSOTHKCAitSOLZCRitSOVZC8lt 
2SOMOLfCBitSOCOMPC20o81oSOKVC20tBI 

00 8 I =I•NSMAX 
IFCSEXTSVIItl II 5•5•1 

3 IFCSINTSVC2tl 1-1,1 7•6•7 
C •• 0 *** C 
C C flAG UNUSED STREAM NlJMAERS AS -1 

TJ.!UI<;TrnrTTO!H ll r.-n-r=•r----------·----·-----·· ----------~-~--~--~ -~-~--- ~-~~~ ---
KY=fQPARC3tNFI+O,I GO TO R 
FK=EQPARC2tNEI*S!COMP(KYoii 
DO I I= It NOCOMP 
IFICEOPARCI+3•NEl*fK+SICOMPCioiiii 2tltl 

2 FK=SJCOMPil•II/C-EDPARII+3tNEI I 
--~--T-CONT I NUt--~-~ ··-- --~---~-

SUM=O.O 
DO 3 I=I•NDCOMP 
SOCOMPiloli•SICOMPCloli+EOPARCI•3oNEI*fK 

3 SliM=SliM•SOCOMP Cloll 

c 
c 

--,~ 

fLAG fEfO STREAMS EOIJAL TO I 
6 KSFLAGII I= I 

GO TO H 

C fLAG PROOIICT AND INTfRMEOIATf 
7 KSfLAGCI I= 0 
8 CONTINUE 

00 9 I =loNEMAX 

STREAM~ EOIJAL TO 0 

SOMOLEili•SUM C 
Sill E'1P 111 = C F'LAG U~USEII EQUIPM!'liJT"~1'W"IIf.R5 As-~•tt OTHICR, u-o---~----
SOPRESCII=SIPRESCII KffLAGCII=O 
SOVPfRCII=SIVPFRCII Jf(KPMCloll .GT, 0 I 60 TO 9 
CALL ENTHC-ltSOENTHilltOUMl I<EfLAGCI I • -1 
RETURN 9 CONTINUE 
ENO RETURN 

- £NU 

0 
0 



c 
S\JAROUTlt-lE SUASET 29 Ih=KPM(l ol21 

C 40 IFIKSFlAGII6l,LE,Ol GO TO 24 
C ENTRY SETOV REO\JIREO fOR RETURN fROM LOWER LEVEL 6400 OVERLAY 42 CONTINUE . 
C C OUTPUT STREAM REACHFO WITH INPIJTS KNOWN, 

C CALL----rmt SOHROOIINF. OF EOUTPME'NT""~*"N'"'E"*r,:--.c"'ll"'l-'C'"",,..o""OrrT11P"InfTJ-.:STJDR"<"E"AuR-.:s-----
C """""" COM .. ON DECK •••••• 44 CAL I. fOlll f' 
C NRE.T=2 

COM .. ON/SYSAA/TITtEI20l•COMf'NTI20loKOMNAMIAOI 
COMMON/SYSA/KPMI10o50JoKSfMI3ol00)oN3MAX 
CO .. MON/SYSB/~Eif50loNEIMAXoKE2150toNE2MAXoKE1150toNE3MAXo 

TKF4 C I 0 I oNE4MAX oKI>E I, KRE I 2, KRETJ 
CO .. MON/SYSC/LIMIT•LIMJT2oi.IMIT3oLOOPoLOOPS 
COMMON/SYSO/KEFLAGISOloKSFLAGIIOOloKTRACE,OERROR,NPFREO,IPUNCH 
CO .. MON/EOPA/fOPARI25•50loNEMAXoMAXEQP 
COMMON/EOPB/NECAlLI50)oNEXEONI50loNAMEI50) 
CO"'MON/STMA/SEXT<;VI23,IOOI•SINTSVIIOol00loNSMAXoMAXSEXtMAXSIN 

------,t"'!"'l~OO 1/SONOM <A) tSOf"l AG lHJ •SOVPF R (6) tSO I EMP C8J • 
ISOPRfSI6loSOfNTHtHloSOVISrl8loSOTHKI8loSOLZIRloSOVZI8lo 
2SOMOLEI8loSOCOMPf20oRloSOt<V120o81 

COMMON/CONTL/NINoNOUToNOCOMPoNEoNEN 
COMMON/OVR/NRET 

c -·-·c----- ......... -----
c 

INTfGfR TlTLfoCOMPNT 
OATA CHESSoRfC/S~CHfSS•IH I 

c 
NAMELIST/FLLIST/ KEfLAGoK~FLAG 

-----,.;nU~IiihfliliTICiiNIIM.CiivDF" 

CALL fOCALL 
GO T<l 101 
fNTRY SE.TOV 

101-lf \K IRACE.tiJ.JJ WHilE (h•IJAIOOI J 
CALL llfOUIP 

46 KfS=I 
47 KFfLAGINEI=I 

C SET OUTPUT STREAM Fl AGS F~OM 0 TO I 
c 

48 oo so ··TI=c-.1n"Mn------------------------ ------- ----·---------- ---~------
IH=KPMII7•121 
IFIIij,c;[,Ol GO TO 50 
IR=-IR 
KSFLAG II H) =I 

50 CONTINUE 
24 12=12+1 

IFI12,LE,NF.:MAXI r.o TO 22 
C THIS COMPLETtS A SCAN Of PROr.ESS MATRIX COLUMN AY COlUMN 
c 
C IF t<ES IS I RESCAN PROCf<;~ MATRIX 
c 
-.:;---tr-~1s--o-,----.;E£""11""-"Art;<rroiPO ___ l1.-.;--sror CAt:Co -1 r ·11101- Go--;o- l?CYCtl:- -

c 
c 

55 IFIKES,GT,OI GO TO 21 

ARE ALL EQUIP, KNOWN< IF NOT GO TO RCYCLE 
00 SA 19=I•NEMAX 

C IF lt<f.FLAGII9l ,Nf,Ol GO TO !>R 
C FEED SIRF.AM FLA(,S ARE C•IJ. IINUSFO EUOIP. ANI) SIREAfll ARt. i•llt IF tiPONCA.--rr;-o---;·~-l{R£T7;Tif.""Vf-WRTTFT7t-FLTL-..t"<ScTI-.-1---
C UNKNOWN STRf.AI4S ARE 101 AS APE EOUJP, NOT COMPUTED, C ~TART TRIAL + ERROR CALCULATION Of RECYCLE STREAMS, 
C KfS IS ••I* IF ANY EQUIPMENT IS CALCULATED IN KPM SCAN IN SUBSET. C 

CALL SCAN ftl CALL RCYCL E 
?1 KfS=O C 

LOOP=O . C IF KPFT? IS 2o EQUIP, LIST FO~ RECYCLE CALCo NOT AVAIL, IN *RCYCLE* 
C stART PRoCEsS MAIRU SCAN COlUMN Hf COLUMN IF CKRF 12,NE,21 Gil TO 21 -------
C GO TO f>7 

12=1 58 CONTINUE 
22 CONT INliE C 

NE.=KPMII•I21 C *SUB<;ET* LOOP COMPLETE, 
IFINEI 24o24o26_ A7 NE2 .. AX•SAVE2 

2
6 I FIKEfLAb C NE j .NE, iJ I Go I 0 24 ---NNFE"'JJJifOIJrAlrX•='S~A~vi11tr.J1---------------------------

C CALL OVERLAYICHESSo4o0oRECI 
C START SCAN Of COLUMN Of IJNCALC*O EOUIP, LOOK AT SIGN Of STREAM END 
c 

21 DO 42 1=2oN3MAX 
c 
C CHECK SIGN O~AM IN PROCESS MATRIX 
c 

28 lfCKPMII ol211 44o42t29 
c 
C If STREAM IS INPUT SEE If IT IS KNOWNo If NOT GO TO NEXT EOUIP"ENTo 

0 



SIIRROUTINE TEST 

-----,.cno:uMMON/STMOUTTSONU~I81 oSOfL--·-· ·---·· ... --· ..... ----· --·. 
ISOPQESC8)•50ENTH18l•SOV!SrC81tSOTHKC8ltSOLZCHitSOVZC81t 
lSOMOLECHltSOCOMPC20o81oSOKVClOt81 

COMMON/MTST/SAVEXCIOtZOitSAVEFCIOtZOioSAVEOCIOtZnl 

41 FLAG=,TI>u~-. 
4Z 00 55 K•l•NOCOMP 

--vtrnr.'T 
~Ol.Uflll;;:"'tUl-UI'1. -., 

COMPK•~EXTSVCK•J•Jl 
IFCAH~CCOMPKI.LT, J,E-ZOI G~ TO Z1 

• 

lfCAHSICCOMPK-SOrOM 1/COMPKI.LT.OERRORI GO TO 43 
C GO TO 47 
C ****** l1 lf!AHSCSOCOM loGT.OERHOHI GO TO 47 

·•-----rn· rn~mrr;n.AGrc;o-nr-ss-·-----------------

c --·c-·-

DIMENSION OliMCII 
DIMENSION SOIOUMC8ol01 
EOUIVAtENCE CSON11'4ClloSOIOUMClolll 
LOGICAL FLA6tffLAG 

LIMIT=o 
LIMIT3sO 
1•1 

c ••• NOW Tf~T LOOP COUNTER ANO RRANCH fOR lo Z • ,GEol 
IF ILOOP-ZI 44t45t46 

44 SAVEXIIK•KI=SOCOM 
GO TO 55 

45 SAVEfCIKoKizSOCOM 
GO TO 55 ---

46 SAVEXCIKoKl=COMP~ 
SAVffi!KoKI:SOCOM 
GO TO 55 

i'O J•SOIOIIMCI•Il • o.o1 47 LIMIT4=LIMIT4•1 
lf!LOOP.LT ,31 GO TO 4) c 
'trfo~OT.F"CAGr G!l"flT~;<;_:----------------------

AGAINST •SEXTSV*t*SINTSV•, C,,, CALCULATE WEGSTEIN*S COEFTICIENTS- PHI • Q ,., 
OOLD=SAVEOCIKoKI 

TNOLE=SEXTSVC3oJl PHI=CCOMPK-SAVEXCIK•Kli/CSOCOM -SAVEfCIKoKII 
JfCAHSCTMOLEI.LT,I,E-?01 C.U TO 21 IFCI,-PHII 4Ro50o48 
lfCAHSCITMOLE-SOMOLfCJII/TMOLEI•GT.OEHROHI LTMIT3=LIMTT3•1 48 U=I,/Cl,-PHII 

----,--1.-,"'0-..1"'0,-,2'"'2.- TTT;TT;lJ;1tm-r.-r.-,M"r--.;-:>--------------------
Zl TfCAHSCSOMOLEClli,GT,OERROH) LIMIT3zLIMITJ•l lfCKTPACE.GT,OI WRITEC~o4q) JoltO 

GO TO ?Z 49 fOPMATC•OwEGSTEIN/TfSTZ STHEAM•tl4••-•o1Jt5X,eO•••fl0,31 
Z4 CONTI NilE a= I .f-1 0 

DO Zh K=JtMAXSIN GO TO 53 
SINK=SINTSVCK•JI SO lfCKTHACE,GT,Ol WHITEC6t511 JtltPHI 
TITAAS I SINK) .LT .1.£-20) GO 10 Z'=' TTtTR,HlTflrlJ11t:bSTE IN/TF.St 1 SiR( AM* • l4•*•*•ll•SK•*PRT•....-rt·~s-,~s~I-----
IFIABSCCSINK-SOJOUMII•KII/SINKI.GT.DERRORI LTMIT3•LIMITJ•l 60 Tn 46 
60 TO Z6 5Z IFCil.GT,-10,01 GO TO 'i3 

Z5 IFCAASCSOIDUMCitKIIoGToDERRORI LIMIT3•LIMIT3•1 IFCKTRACE,GT,OI WRJTEC6o4ql Joi•O 
Z6 CONTINUE 0=-10,0 

lfCLIMfT3,U:,OI C.O TO 28 ,!>3 xz~a•COMPK•CI.-Ol*SOCOM 
-----tnt~(RVTTnP~l~Cl~~JrJ wQITEC6t30JLOOPtltNEtliRJfl If tKIRACE.GT.OJ WRJJ£(6e36J JtKtCOHPK•SOCON.-z,a,S&VEXII~·wK~I~,------

LIMITJ=O - SAVEFCIKoKI 
KIMIT•LIHIT•l 36 fOP~ATC*~STWfAM*ti4•*-*•13•SXt*X•••EI3•S•5X••f•*•fl3oSt5Xt*XN£~••• 

Z8 IFC I ,GE. NOUT I R£TIIRN I f1J,s,sx,•O•*•FI0,3/ 16X•*SAVEX•••Ei3,5•• SltVf.f•••Ell.SI 
1•1•1 IFCXZ,LE,O,l XZ•SOCOM/Z, 
GO TO zo I fFLA6=. TI>UE. 

----,.o-rliPl'IATP•-crtlfL~7oiloOIJTPUISTR£AM••I4•• OF' EOlltP,.....-p...-lfAS"t I IF IO*OOUJ.TT~lr~-;nJ<,TQIW.t:a,JJ GO ro,..-
114•* UNCONVo STRfltM VALUEt;*l I IFCCXZ-COMPKI*CSAVEfCTKtKI-COMPK-loE-IOioLT,Ool GO TO 54 

SOCOMPCKtii•COMPk c 
c ~EG~TEIN•S llERATIV£ METHOD 

Zl L[M[Ht•O 
.......•••...•..............••..•........ GO TO 37 

54 SOCOMPCKoii•XZ 

0 
N 



37 SAV(XIIKtKI•COMPK 
5AVlFIIKtKI~SOCOM 
SAVEOI!KtKI•O I c 

55 CONTINUE C •••••• COMMON OFCK •••••• 

SURROUTINE TPRINT 

56 LIHITJ=LIMITJ•LIMIT~ C 
---";.:_IF CFLAh.ANO.FFlAGI GO fb t;l C£1RMON/SYSA/t<PMC 10t50) tk5FRC3tl00~ 

GO TO 2~ COMMON/SYSAA/TITI EI?O)oCOMPNTIZOltKOMNAMIAOI • 

c 

57 TMOLf•O, COMMON/SYSR/KEII~Ol•NfiMAXtKE21501•Nf2MA(,Kfl1501oNflMAXo 
00 58 K•l•NOCOMP IKF~IIOitNE4~AXoKQFToKRfT2oKRETJ 

58 T"OLE•TMOLE•SOCOMP IK oJ I COI4MON/SYSC/LI141T tl I M!TZ•I I141TltLOOPtLOOPS 
IFIKTRACE,GT,OI WNITEI6t5ql JoSOMOLEIIltTMOL£ COMMON/SYS0/Kf.FLAGI50loKSFLAGIIOOitKTRACEtOERRORoNPFREOtlPUNCH 

5" ~ORJoJATC*OSTRElR•.t•·· OLD AND NEW T-MOLES •• •.2FP;.SJ COMMON/f.(JPA/tUPAW(ZStSO»•Nt:MAXtMAXt:UP 
SO .. OLF III•TMOLE I C014MON/£QPR/NECAtL 150 I •NO EON 150 I •NAME (50 I 
CALL ENTHC•IoSOENTHIIIoDUMI COMMON/STHA/S£XTSVI2loiOOI•SINTSVIIOol001oNSMAXoMAXS£X•MAXSIN 
GO TO Zit COHHON/CONTL/NIN•NOUTtNOCOHPoNE•NEN 
E~ 

1 
C 
c •••••• 
c 

SURROUTINE TNANSJII•LTHtKFLOGoNioiVoiAI 

INTEGER COMPNT•PFLAGIIOOl •TITLE 
DTHENSION I~NTI51tJPNTC5ltRPNTI51 
INTEGFR LARf.LIJZI 

C CAME FUNCTION AS •TRANSF• FOR INTEGER • LITERAL ARRAYS 
DIMENSION KfLOGCNiltiVINiloiAC51 c 

DATA lAREL/4HVAPOt4HR FR,4MACTit4HON t4HTEMPo~HFRATo4HUREto4H R 
lo4HPRE5t4HSUIIft4Ho PS,4HIA o4HENTHo4HALPYt4'1• RTo4HU o4HVIc;Co4H 
;>Oc;TTo4HYo-Po4HfH o4HI<o Ro4HTU•fo4HT•HRt4H""f .. o4H7.•fAt4HCTORt4Ht L 
Jlo4HQ, o4HZ•fAo4HCTORt4Ht VAt4HP, I 

c 

00 T "anr.,~~-------------------------------------
KI•K•I•I 
KZ•Kfi.OIHK I 

7 lA CKII•IV CK21 
RETURN 
ENO 

SUBROUTINE TRANSF C ltL THoKFLAGoNitc;VtN2tNltAtU 

C••THIS SUHROUTINE TRANSFERS DATA FROM TWO DIMENSIONAL ARRAY SVINZtNll 
C•• TO A ONE OIMENSIONAL Alli,,,AC51 FOR PRINT•OUT, 

OT"Efll'ilON -"KJ"l:~INct--ri:JTo-AT5l 
oo 5 KCitLTH . 
KI•K•I•I 
KZ•KfLAGIKI 

5 ACKII•SVCLoK21 
RfTURN 
t:.~ 

C ..... THIS PORTION WAc; TO PRODUCE RELOAD OECK.,,,,TEMPORARILY DELETED< 
c 

llf.TURN 
c 
C••••• HIPRNT ••••• 
c 

FNTRY RIPRNT 
C .. ,CO>IHON AQEA PUNCH DELETED.,,. 

___ c_---wFtTFT~,~~r--------------------------------

c 

too FORMATIIHio3Xtl5H fiNAL RFSULTS t//llXt20A4o//l2Xtl6H STREA" SUMMA 
2HY I 

GO TO 102 

C••••• PTPPNT ••••• 
~ 

ENTRY PTPRNT 
WRITEC6oiOIITITLF 

101 fOR"ATIIHiolXti5H INPUT DATA 
cRY I 

102 CONTINUE 
;,r:o 
DO 12 l•ltNS"AX 
IFCSF.XTSVII•II,EQ,O,I GO TO 12 
J•J•I 

PFLAGIJI•I 
12 CONTINUE 

lJOClo..........,-;ros 
LTH•I•4 
IFCLTH,GToJI LTM•J 

o//IJXo20A~t//l2Xol6M STREAM SU"MA 

WRITEI 6ol41 C PfLAGCKloK•IoLTHI 
lit FORMATC•OSTAEAH NUMBER ••SCI9oSXII 

0 
1.11'1 



c 
no IS K•t.LTH 
KPNT•II•I+I 
MPNT• PfLAGIKI 
IPNTIKPNTI•KSEMIZoHPNTI 

------Tj~S-;J~Tl•kSE~IioMPNTJ 
LTHP=L TH•I+I 
WRITEI 6ol61 (IPNTIKitJPNT(KioK•ItLTHPI 

16 fORMATI•OEOUIP, CONXION •,SISH fR t1Zt4H TO oiZoiXII 
DO Ill L•J,MAXSI'I 
CALL TRANSfii+LTH+ PfLAGtiOOtSI~TSVtl0•100tAPNTtLI 
kl •4*L-Il 
K2 =KI +) 

111 WRITE I 6ol91 ILARfl(KI , K•K1tKZit IAPNTIKioK•ItLTHPI 
19 fORMAT(• •o4A4tSf}4,41 

WRITEI 6oZOI 
20 fORMATI•0••40Xo•COMPO~ITIONt LB•MOLfS/HOUR• I I 

NOCOPJ:NOCOMP•J 
no 22 L•4o'IOCOP3 
CALL TRANSflltLTHt PfLAGo100tSEXTSVt23t100tAPNTtLI 
KI•4•L-IS 
K2=KI+3 

22 WR!TEI 6ol'll IKO .. NAMIIOoK•K1oK2ltiAPNTIKI•K•ItLTHPI 
------~-CAll ~NSl'""TTOlTH • PI'"( Auo-lllo-9 StxTSVO?rtllllltRPNTt -:1 I 

WRITE ( 6o231 IAPNTIKI oK•loL THPI 
23 f0RMATI•O•o11Xt•TOTAL•Sf14o41 

c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

?.4 WRITEI 6t261 
26 fORMATI//////1 

RETURN 
ENU 

SUAROUTINE PTEOPTINNI 

ORIGINALLY ENTRY IN TPRI'IT 
SFPARATED fOR CDC6400 OVERLAY OPERATION 

PRODUCES EOUIPHENT SUMMARY 

•••••• COMMON DFCK •••••• 

COHMON/SYSAA/TITLEI201tC014PNTI201tKOHNAM(801 ...... 
INTEGER TITLEtCOMPNT 
lfiN~.GT,OI GO TO 3 
WRITE 16t II TITLE 

~-ti~...------J~AIA t//I:SJ\tZUA14-t-rTT 
GO TO 4 

J WRITE16t21TITLE 
2 fORMATIIH1t3XtlSH fiNAL RESULTS t//13Xt20A4t//l 
4 CO'ITINUE 

CALL EOPRNT 

END 

SIIAROUTI'I£ ZENO UtNI 
DINfNSION AINI 
110 3 1•1•N 

J Atii•O, 

HFTURN----------------------------------------------------------~ ENO 

SIIHHOUTINE lENOXIII•NI 
DIMfNSIO'I KINI 
no I I•I•N 
" ( 11•0 
REIORN 
END 

0 
~ 




