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ABSTRACT

A digital computer program was developed to perform

material and energy "balances for continuous chemical pro

cesses. The program is written in general form to permit

calculations for any process, subject only to the limita

tions of computer memory, calculation time, and avail- .

ability of user-provided subroutines to simulate the

operation of each type of eq,uipment in the process.

The program was intended for use by students in the

Department of Chemical and Metallurgical Engineering of

The University of Tennessee. It is expected that the

equipment subroutines v/ill be written by the students

prior to the use of the generalized balance program.

Three types of processes were tested using abbre

viated subroutines to demonstrate the program's ability

to handle a wide range of process configurations, recycle

parameters, etc. To permit evaluation of large processes

which might exceed computer memory limitations with the

basic program, a pair of alternate programs have been

written to accomplish the same computations in two separ

ate parts. The first portion will seek an optimum equip

ment sequence which minimizes the niuaber of recycle para

meters needed to specify the type of process consideredf

the second portion will perform any needed trial and error
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recycle calculations to evaluate process conditions for

this equipment sequence.
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INTRODUCTION

f

Although engineers have been performing material

and energy balances for entire chemical processes for a

number of years, no one has been able to omit trial and

error methods when dealing with complex processes having

one or more recycle streams, each of which may contain

several different components. This type of iterative cal

culation can be programmed for a digital computer, thus

enabling long, time consuming calculations to be completed

in a reasonably short time. Engineers have written many

programs which evaluate specific processes, but only a

few have been developed which have the ability to perform

complete material and energy balances for several dif

ferent processes. In recent years a limited number of

individuals and corporations have developed such genera

lized programs.

The development of a generalized digital computer

program which can execute material and energy balances for

a broad class of chemical processes was undertaken at The

University of Tennessee. The use of this program and the

accompanying development of the necessary computer skills

should be of significant value to students in the Depart

ment of Chemical and Metallurgical Engineering. The flex

ibility of a program to be used as an educational tool is

1
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of primary importance in such an industrially oriented,

ever-changing course of study. Future Chemical Engineering

graduates of Ihe University of Tennessee will have the

ability to utilize digital computers in the pursuit of

their professional duties because they will be required

to develop subroutines which simulate the operation of

various types of equipment in order to use the program

described herein.

There are two basic approaches to the problem of

performing general material balances. In the first approach,

the process is described by a number of component and

total material balance equations which must be solved

simultaneously for all unknowns; in the second approach,

the unknown recycle parameters appearing in the process

are guessed and are then corrected by a trial and error

method until all balance equations are satisfied.

Most programs of this nature draw on the work of

Nageiv (4), (5), Cavett (l), and Ravicz and Norman (7).

A program developed by Rosen (8) utilizes the solution of

simultaneous equations to perform material balances, but

for a large process, the formulation of these equations

requires extensive preliminary work, and the method was

believed iinsuitable for instructional purposes. The CHEOPS

program of Shell Oil Co., described by Hughes, Singer, and

Senders (2), while one of the most sophisticated efforts
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described to date, is basically a design and economic opti

mization program for oil refineries and is beyond the goals

of this thesis. Napthali (6) describes a generalized

approach to the calculation of process material and energy

balances, but gives no procedure for minimizing the number

of recycle parameters needed to define the process. His

work deals primarily with a number of convergence methods,

such as the Newton-Ralphson Method, for correcting the

unknown recycle values of the process. Molser (3) describes

the PACER program developed at Purdue University by him

self and Professor Paul Shannon. PACER uses the trial and

error approach to calculate unknown recycle streams and

determine v/hat piece of equipment is to be calculated in

any single pass through the program. Equipment operation

is described by subroutines. The present version of PACER

is limited to three recycle streams and requires a large

number of control variables.

The generalized material balance program developed

in this work is similar to PACER in its convergence method

and use of equipment subroutines. However, a method due

to Rubin (9) is employed which automatically reduces the

number of "unknown recycle parameters, where possible. This

method is described in Chapter IV. Also, the present pro

gram is not limited in the number of recycle streams and

requires a somev\?hat smaller number of control variables
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than PACER. The program was written in Portran IV language

nnd is oompatihle with the facilities presently available

in the University's computer center. It req.uires only a

few alterations to be applied to virtually any continuous

process, and a minimum number of limitations have been

placed on its use to make it an attractive educational

tool.



CHAPTER I

THE PROBLEMS OF DEVELOPING A GENERALIZED COfilPUTER PROGRAM

Development of a generalized digital computer pro

gram for performing material and energy balances creates

a number of problems wbicb are not encountered when

writing such a program for a specific process. Primarily,

the program must be as efficient as possible to use a min

imum portion of the computer memory, thus freeing a maximum

space for subroutines and multi-variable arrays. Specifi

cally, the nature and size of a process to be analyzed

determine the types of subroutines needed and the sizes of

the dimensioned arrays which specify the process variables

and equipment arrangement.

When developing this type of generalized program,

it is desirable that the process configuration (i. e., the

sequence in which the various pieces of equipment are

arranged and the pattern of the streams in the process)

can be specified input data along with all known parameters

of the entering streams as well as the variables required

to describe the equipment and materials involved. The cal

culation of the operating effects of each piece of equip

ment should be performed in subroutines, and these subrou

tines should have as few restrictions as possible placed

on them by the main program. Each subroutine is used to

5
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calculate all output variables from a given piece of equip

ment from known values of the input variables and equip

ment parameters. Where recycle streams are involved, trial

and error calculations must be employed since all input

variables will not be known for some of the pieces of

equipment. For performing these trial and error calcula

tions, a convergence method must be developed v/hich is

dependable, rapid, and efficient v/ith respect to computer

memory space. In the present case a simple direct-iteration

calculation was chosen for use when recycle streams are

present in the process. This method, while not sophis

ticated, is dependable, rapid in compilation, and suf

ficiently fast in execution to merit its selection over

more advanced convergence schemes.

Some effort to minimize the number of recycle param

eters involved in the process will appreciably reduce the

time and expense involved in evaluating a complicated pro

cess. An optional portion of the program was developed

which will seek such a reduction of recycle parameters.

While this portion of the program is not absolutely neces

sary, the unknown complexities of future processes make it

a valuable asset to the program.



CHAPTER II

A GENERAL DESCRIPTION OE THE PROGRAM

The program, named MAEBE, is a generalized Ifeterial

And Energy Balance Execution for use in process evaluation.

Here process evaluation implies the specification of num

erical values for the process variables (e. g,, tempera

tures, pressures, flow rates, and compositions) describing

all output and intermediate streams, given such values for

the input streams together with descriptions of equipment

operations. The program has three major divisions which

represent the three basic steps needed to evaluate any

process having recycle streams. These divisions will be

referred to as Phases 1, 11, and 111 throughout the pre

sentation of this program.

The first step in evaluating a process form a gen

eralized point of view is the description of the process.

Phase 1 deals with conveying all known information about

the process into the appropriate portions of the computer

system. The configuration of the process, all entering

stream conditions, and the physical properties of all

materials found in the process must be read into the main

program. All data needed by the equipment-simulating sub

routines must be read into the respective subroutines

before any computations are performed. This phase of the

7
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program is described more completely in Chapter III.

Ihe next two parts of the program are utilized only

when the process has recycling streams. Phase II is the

part of the program that examines the configuration of the

process with the purpose of finding a sequence of equipment

calculations which requires a minimum number of recycle

parameters to be determined. This method does not alter

the physical arrangement of the pieces of equipment, but

simply attempts to rearrange the sequence in which the

calculations will be performed during the process eval

uation, A more detailed presentation of this method is

found in Chapter IV along with an example process.

In the third part of the evaluation of a recycle

process, tha actual trial and error calculations are per

formed until the convergence criterion specified as input

data in Phase I is satisfied for every recycle parameter.

These parameters are the mass flow rates of the components

appearing in each recycle stream. Once the material bal

ance of the process is determined, the energy variables of

the recycle streams can be evaluated without trial and

error. The actual method used in the iterative calcula

tions is simple direct-iteration on the recycle parameters.

After inital guesses are made for these parameters, the

process conditions at the output of each piece of equip

ment can be calculated directly. These calculated values



for the exiting streams are compared with the initial

guesses hy a relative convergence method. If the param

eters do not agree within allowable limits, the calcu

lated values replace the initial guesses for the recycle

streams' variables, and a new set of exiting values are

calculated. This method is repeated until convergence is

obtained. An additional iteration is then performed for

reasons discussed in Chapter V.

The simple direct-iteration method was compared

with several more sophisticated schemes for determining

new trial values, but the practical improvement obtained

by faster convergence methods is not apparent since the

actual computational time required to evaluate a process

is usually but a small fraction of the total time needed

for compilation, loading, etc. One other convergence met

hod was programmed into MAEBE, but was rejected because it

frequently led to machine underflows, overflows, and cal

culations of impossible conditions such as negative flow

rates. Even when it worked, the more complicated conver

gence method required more compilation time than was

actually saved in execution when compared with the direct-

iteration method.

The final portion of the program makes the final

evaluation of the process, including energy balances, and

then prints out all stream flow rates, temperatures.
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pressures, energy balances on eacli piece of eq.uipment, and

a complete process material balance error value. In this

part of the program, an option is available to the user of

having the output data punched on cards in addition to the

normal output listing. This feature would enable the user

to put a listing of the results into a report directly.

Due to the size of MAEBE and its necessity of being

capable of handling processes of unknown size and complex

ity, an alternate procedure has been developed to carry

out the same calculations by sequential execution of two

smaller programs, SEEK/HUNT and PIRD. The SEEK program is

a small Portran deck which reads the data needed to per

form the calculations of Phase II of the MAEBE program.

The actual computations of Phase II are accomplished in a

large subroutine called HUNT. Since all variables needed

by HUNT can be made available in SEEK, the subroutine has

been converted into machine language in a binary deck

which requires no compilation time. Therefore, the user

of the SEEK/HUNT program system need only provide a dimen

sional statement for SEEK and the appropriate input data

to minimize the number of recycle parameters involved in

a process' evaluation. The compilation time needed by this

system is about 50 seconds on the IBM 7040, as compared to

approximately 2^ minutes for the compilation of the com

plete MAEBE program.
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Piiases I and III of the MAEBE program have been

combined in a program named EIKD which will complete the

evaluation of a process when used in sequence with the

SEEK/HUNT system. This program differs from the MAEBE sys

tem in one basic fact; the initial guesses of the recycle

parameters can be made by the user of EIKD because the re

cycle streams are known prior to execution of the program.

This knowledge is not available when using tlAEBE because

of the minimization operations of Phase II. Therefore,

MAEBE must arbitrarily select initial values for the un

known recycle component flov/ rates. This requires that

MAEBE needs more time to converge than EIKD would if the

first guesses used in EIKD were closer to the actual param

eters ' values than those selected in the MAEBE program.

However, IviAEBE has proven itself to be very fast in the

analysis of test processes, and from the user's standpoint

MAEBE v/ould be preferred for overall convenience, so long

as its use does not exceed computer memory limitations.

Processes which do not contain recycle streams must

be evaluated by IvIAEBE since the SEEK/HUKT system would not

be required and EIKD does not provide the necessary input

operational options.



CHAPTER III

PHASE I, THE INPUT RESTRICTIONS

Tlie order in wMoli tlie necessary data are read into

the programs and subroutines is of the greatest importance.

The form for arrangement of data for the MAEBE system will

be presented, and any deviation from this arrangement will

be listed for the FIND program. The SEEK/HUNT system input

instructions will also refer to the basic pattern of the

MAEBE data formats.

For illustrative purposes a process to be evaluated

will be described as one having "i" pieces of equipment or

nodes, "j" streams flowing between pieces of equipment,

"kc" compounds or elements appearing in the process as

components of the various streams, and "ks" streams leaving

or entering the process. The configuration of the process

may be depicted numerically in a table or matrix called

NP, having "i" rows and "j+ks" columns. Each element of

this matrix, NP^ will have a value of -1, 0, or +1,

depending on whether it is to indicate that stream "n"

leaves, has no connection with, or enters equipment "k"

respectively. The streams must be numbered in the following

manner; streams 1 through "j" are the unknown streams of

the process which flow between equipment nodes, streams

"3+1" through "3+instm" are the "instm" streams entering

12
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tlie process, and the streams "j+instm+1" through "j+ks"

are the exiting streams. A final row is added to this

matrix to give the number of parameters needed to com

pletely specify the flow rates of the components present

in each internal stream. Thus the dimension of the config

uration matrix NP is "i+1" by "j+ks". The value of each

bottom-rov/ element, is the number of components

of the process that appear, or may appear, in stream "ra".

Each piece of equipment is assigned a number by

which it is to be knov/n throughout the execution of the

program, and these numbers must be integers from 1 through

"i". Since the various pieces of equipment are to be cal

culated in different subroutines, subscripted control

indicators have been provided to designate the subroutine

to which the program must transfer to calculate a specific

piece of equipment. These indicators must be fixed point

numbers from 1 through "neqpsr" where "neqpsr" is the num

ber of different types of equipment represented in the

program system. Two pieces of equipment of the same type,

such as two heat exchangers, will be calculated in the

same subroutine. If the heat exchanger subroutine was

designated as the foiirth equipment-simulating subroutine,

both equipment type elements of the indicator vector would

have a value of A for the two heat exchangers. These sub

routines are discussed more fully in Chapter VI.
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Tlie material balance information for tbe process is

provided in a matrix of "ko+1" by " j+ks" dimensions, called

VALUES, where each column represents a stream and each row

a given stream property. The first "ko" rows of this

matrix have mass fractions for each component in the pro

cess. The last or "ko+l"th. row contains total flow rates

for all "o+ks" streams.

All "kc" components appearing in the entire process

are designated according to a 24 field-width alphameric

variable, and the molecular weight, heat capacity, and

latent heat of the components are also read into the main

program. Other physical property data required by any of

the subroutines must be read into each subroutine as

needed.

Temperature and pressure values are read in for all

"instm" entering streams. Also, energy stream input values

must be read for each equipment node, since each piece of

equipment is considered to be fed by one heat stream

(whose value may, of course, be zero).

After all data are read into the main program, the

subroutines are entered to read any data necessary to

their computations. These subroutines are entered in the

ascending order of their equipment type indicator values,

and each one represented in the main program must be

entered, regardless of whether any equipment of that type
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is present in the process or not. If the subroutine is

referred to in the main program system, it must be present

in the system although it may not be needed for computa

tions at. all,

Por purposes of illustration, the process depicted

in Figure 1 will be used in the presentation of an example

of the input data instructions for MAEBE. The variables

used in this program are defined in Appendix A. The values

of these variables for this example are presented in Table

I, along with instructional definitions.

Due to the nature of the NP matrix, no internal

stream "n" can exist which leaves and enters a single

piece of eq.uipment "m" because the value of ^ cannot

be both -1 and +1 simultaneously. To handle such an unusual

condition, the programmer may place a dummy equipment node

into the process, on line in the "n" stream. Figure 2 pre

sents both the unfeasible and feasible stream-equipment

configurations.

The difference in input instructions for the MAEBE

and FIND systems are listed in Table II, and the MAEBE

instructions must be followed with the exceptions listed

in this table when using the FIND program. The variable

names are all common to the three program systems so the

user of any program can refer to either the system Fortran

listings or Appendix A for any problems which may occur.
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(There are 4 components appearing in this process.
All are expected to appear in streams 1-4, hut only
3 are believed to be in stream 5.)

Figure 1. Flow Diagram of the First Recycle Process.
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TABLE I

INPUT INSTRUCTIONS PGR THE MAEBE PROGRAM AND SAMPLE DATA
PGR THE PIRST RECYCLE PROCESS IN PIGURE 1

Variable Pormat Data and explanation

NMLKJI

KC

KS

INSTM

LRC

LCON

15

1415

IDTV

The number of sets of data for an
entire process to be evaluated,

card 1, CO 1-5, value = 1

The niUEber of pieces of equipment
in the process.

card 2, cc 1-5, value = 4

The number of internal streams in
the process.
card 2, oc 6-10, value = 5

The total number of components pre
sent in the process.

card 2, cc 11-15, value = 4

The number of streams entering and
leaving the process.

card 2, cc 16-20, value = 4

The number of streams entering the
process.
card 2, cc 21-25, value = 3

Recycle indicator: 0 for no recycle,
1 for presence of recycle streams,

card 2, cc 26-30, value = 1

Energy balance option indicator: 0
for omission of the recycle energy
calculations, 1 for performing these
balance calculations during the
iterative calculations.

card 2, cc 31-35, value = 1

The component flow indicator: 0 for
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TABLE I (continued)

IDTV, con't. reading in the component flows in
the entering streams as mass flow
rates, 1 for reading them in as mass
fractions of the stream flow rate,

card 2, cc 36-40, value = 1

NOUT 1415 The optional internal output indi
cator; 0 for no internal output, 1
for all internal output options,

card 2, cc 41-45, value = 0

N0UT2 tt The internal output of only the re
cycle guesses and calculated values:
0 for no output, 1 for print-out of
the guessed and calculated values of
the recycle parameters and the max
imum relative deviation.

cnrd 2. cc 46-50, value = 0

NTYPE tl Final output card punch option indi
cator: 0 for normal printed output
only, 1 for both printed and punched
output.
card 2, cc 51-55, value = 0

IDENT 6X,11A.6 The alphameric subscripted variable
for identification of the process
and the name, etc., of the user,

card 3, cc 7-72, value unlimited

CONCRI* E15.6 The relative convergence limit,
card 4, cc 1-15, value = l.E-6

LRCm* 15 The option indicator controlling the
use of Phase II; 1 for the use of
Phase II, 2 for omitting the Phase
II calculations.

card 5, cc 1-5, value = 1

MXPAS* tt The value of the maximum number of
trial and error iterations to be
attempted before giving up if con
vergence is not realized.
card 6, cc 1-5, value = 100
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TABLE I (continued)

Type of input statement for the VALUES variable array;

DO 122 L=1,J+INSTM 101 FORIvIAT(5E15.6)
122 READ 101,(VALUES(L,K) ,E:=1,KC1)

VALUES 5E15.6 The first "J" cards contain values of
-l*E+6 if the component, 1 through
"KC", appears or may appear in the
stream; O.E+0 if the component def
initely does not appear in the
stream; and the last element of this
column must have a value less than

-lE+6, such as -2.E+6, for the total
flow rate of the unknown stream. The
next "INSTM" cards contain values of

the entering streams' compositions
and flow rates. The component flows
are to be specified according to the
IDTV option indicator; these are fol
lowed by the total flow rate of each
stream.

cards 7-15, see Appendix D for the
values and card column locations.

Type of input statement for the component data arrays;

DO 128 K=1,KC
128 READ 107,(KAME(K,K1) ,K1=1,4) ,COMviW(K) ,COBIHC(K) ,

ICCiiHVCK))
107 FORIyiAT(lH ,4A6,F10.3,F10.5,E10.2)

NAME 4A6 Any alphameric identification of the
components found in the process. 24
character field widths have been
provided. Arbitrary component data
were chosen for this process to aid
in checking the execution of the pro
gram. cc 2-25 (Appendix D)

COMW F10.3 The molecular or atomic weight of
each compound or element found in
the process, cc 26-35 (Appendix D)

come F10.5 The heat capacity of each component,
cc 36-45 (Appendix D)
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TABLE I (continued)

COi/IHV BIG.2 The latent heat of each component,
CO 46- 55
See Appendix D for the actual data
values.
cards 16-19

NEQ(1-1,1) 1415 This subscripted variable gives the
initial order in which the eq.uipment
is to be evaluated. This set of num
bers does not necessarily have to be
consecutive, but it must contain all
integers from 1 through I,

card 20 cc 1-5, value = 1
cc 6-10, value = 2
cc 11-15, value = 3
cc 16-20, value = 4

lET " The type of equipment designation
variable is provided for each piece
of equipment; 1 for mixers, 2 for
separators, 3 for reactors, and 4
for heat exchangers. These values
are read across the card for the 1
through I pieces of equipment,

card 21, cc 1-5, value = 1
cc 6-10, value = 1
cc 11-15, value = 3
cc 16-20, value = 2

Type of input statement for the NP array variables:

DO 126 L1=1,I 100 PORlyIAT(l4I5)
L=HEQ(L1,1)

126 READ ioo,(np(l,e;) ,e:=i,jks}
READ 100,(NP(IP1,K),Ifcl,j)

NP 1415 This is the process configuration
matrix having values of -1, 0, or +1
and the IPlth, row has values of the
number of parameters needed to
specify the flow rate and composition
of the "J" unknown internal streams.
See Appendix D. cards 22-26
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TABLE I (continued)

***

ST and SP 2P15.6 These variables are the temperatures
and pressures of the entering streams
numbered 6, 7, and 8.
card 27, cc 1-15, value = 100.

cc 16-30, value = 1000.
card 28, cc 1-15, value = 200.

cc 16-30, value = 2000.
card 29, cc 1-15, value = 50.

cc 16-30, value =25.

ENERGY 5E15.6 This is the net energy input for
each piece of eq.uipment.

card 30, cc 1-15, value = O.E+0
cc 16-30, value = l.E+3
cc 31-45, value = 6.E+4
cc 46-60, value = l.E+6

Data for the first eq.uipment subroutine, EQPl.
Data for the second equipment subroutine, EQP2.
Data for the third equipment subroutine, EQP3.
Data for the fourth equipment subroutine, EQP4.

*

These cards are to be used only when the process
contains one or more recycling streams. (LRC = 1 on card
no. 2, cc 26-30)

** S ^
Values of -1x10 or less represent impossible mass

fractions and stream flow rates and are used initially as
control indicators of what component may be found in each
of the unknown streams during the determination of what
recycle parameters are needed for process evaluation.
These values are not utilized during the direct-iteration
calculations.

These quantities must be expressed in units that
are compatible with all subroutines that employ them.



22

Eq^p. ' "m
Stream

^ iiji"

Unfeasible Configuration

#
Dummy Stream "n+1"

Eqp. Dummy Eqp,

^"m+1"

Stream ̂ "n"

Feasible Configuration

Figure 2. Limitations on Process Configuration.
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TABLE II

THE INPUT INSTRUCTION CHANGES PGR PIND PROM TABLE I

(Pollow all MAEBE input instructions except as follows)

Change No. Alternate Instructions

1  Omit tiie first card containing NMLKJI

2  After all variables listed on card 2,
include the following variable data:

NORC = The number of recycle streams in
the process.

card 2, cc 56-60, Pormat: 15

MU = The total number of parameters
needed to specify the flow rates
of all the recycle streams,

card 2, cc 61-65» Pormat: 15

3  Place the lET variable card after the
IDENT card.

4  Omit the LRCMZ card.

5  In the VALUES matrix card series, place
the selected recycle streams' component
flow rates and the total flow rates in
the vectors of the VALUES matrix which
represent the recycle streams.

6  Do not place the lET, NEQ, or NP card
sets in the positions indicated in the
MAEBE input format.

7  After the ENERGY data card, place the
following:

MINOR = The subscripted variable indi
cator which has "NORC" by "KC+1"
elements. Per each recycle stream
the first "KG" elements have
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TABIiE II (continued)

7 con't, values of 0 if the component is
not present and 1 if it may be
part of the stream. The last ele
ment of each streams' row is the

integer designation of that par
ticular recycle stream.

card "ENERGY"+1, Format: 1415,
cc 1- 5, value 1

cc 6-10, value = 1

cc 11-15, value = 1

cc 16-20, value zzz 1

cc 21-25, value = 4
cc 26-30, value 0

cc 31-35, value = 1

cc 36-40, value s 1

cc 41-45, value = 1

cc 46-50, value =: 5

8  Omit the NP card series completely,

9* Place the NEQ card set after the tllNOR
card.

The NEQ card set is part of the basic output of the
seek/hunt program system, and may be inserted here directly
if desired.
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The input instructions for the SEEK/HUNT system do

not require all the physical data concerning the process;

therefore, a separate set of instructions are presented in

Table III for this system. The variables used in this sys

tem are consistent with Phase II of MAEBE, with the excep

tion of NOUT which has the opposite effect in this system

that it does in EIKD or MAEBE,

For purposes of comparison of the programs and

their input instructions, the Fortran listings of MEBE,

SEEM/HUNT, and FIND are presented in Tables IV, V,and VI

respectively.
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TABLE III

INPUT INSTRUCTIONS PGR THE SEEK/HUl^T PROGRAM SYSTEM

Variable Format Data and explanation

J

ES

NOUT

NEQ

1415

NEP

IDENT 6X,11A6

Total number of equipment nodes in
the process.
card 1, cc 1-5, value = 4

The number of internal streams,
card 1, cc 6-10, value = 5

The nixmber of entering and exiting
streams in the process.
card 1, cc 11-15, value = 4

The internal output option indicator;
0 for internal output, 1 for no out
put of internal data.
card 1, cc 16-20, value = 1

The equipment sequence designation
variable.
card 2, cc 1-5, value = 1

cc 6-10, value = 2
cc 11-15, value = 3
cc 16-20, value = 4

The configuration matrix as defined in
Table I. cards 3 through "I+l"

The alphameric identification header
label, read in the HUNT subroutine.

This program system applies only to the recycle pro
cess configurations.
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TABLE lY

FORTRAN LISTIITG OF THE MEBE PROGRAil DECK

C  MAEBE MASTER DECK LNK

C  DIMENSION NEQ(I»2)»IET(I)♦MIEQ(I)♦NDM(!♦n«NGM(1♦I)«NP
C  I (I+lfJ+KS).ENERGY(I)♦VALUES(J+KS.KC+1 )♦ST(J+KS)«SP(J+K
C  2S)»SE(J+KS)«COMMW(KC).COMHC(KC).COMHVIKC).CFR(KC).NAME
C  3(KC.4).PCEIKC).MINOR(NORC.KC+1).PH1(MU.2)
C  *** REPEAT THE ABOVE DIMENSIONS HERE ♦♦♦

DIMENSI ON NSIG(2)«I DENT(11 )
100 FORMAT!1415)
101 F0RMAT(5E15.6)
102 F0RMAT(5F15»6)
103 FORMAT!IHl.5X.1 1A6)
104 FORMAT!7115)
105 FORMAT!112.F19»3.F15.5.F 15.4)
106 F0RMAT!25I5)
107 F0RMAT!1H ♦4A6.F10,3.F10,5.F10•2)
108 FORMAT!IH .5X.11A6)
109 FORMAT!1H .8X.9HC0MPONENT.11X.8HT0TAL IN.1OX.9HTOTAL O

lUT)
110 FORMAT!IH .6HSTREAM.I 4.1H..5H FLOW.E14.6.14H LBS. PER

IHOUR.1H..F6.1.7H F DEG..1H.)
111 FORMAT!1H .F6.1.5H PS IA.)H.E15.6.I2H BTU PER HR.)
112 E0RMAT!1H .58HMASS FRACTION STREAM COMPOSITIONS AND CO

IMPONENT FLOW RATES)
113 F0RMAT!1H .4A6.1X.2E17.6)
114 FORMAT !1H .29HHEAT BALANCE ON EQUIPMENT NO.,13.1X.3HW

1AS.EI6.8.1X.3HBTU)
117 FORMAT!IH .4A6.El 4.6.E18./IH .21HCOMP. PER CENT CHANGE

1F12.6)
118 FORMAT!1H .31HCONVERGENCE WAS REALIZED IN THEI5.10HTH.

1 trial.)
119 E0RMAT!1H .5HAFTERI5.37H TRIALS CONVERGENCE WAS NOT OB

ITAINED.)
131 FORMAT!lH .3X.21HENTIRE SYSTEM BALANCE.El 4.6.El 8.6/1H

1.13HPR0CESS ERR0RF12.6.5H PCT.>
228 EORMAT!lH .36HINPUT-OUTPUT FRACTION DIFFERENCES OF/IH

1.33HTHE RECYCLE COMPONENT FLOW RATES.)
900 FORMAT!1H .60HERR0R DETECTED IN STREAM ORIENTATION MAT

IRIX. PROGRAM DUMPED.)
901 FORMAT!1H .47HSYSTEM YIELDED NO MINIMUM EQUIPMENT SEQU

lENCE IN.I5.3MH ATTEMPTS. BEST ORDER WAS AS FOLLOWS.)
902 FORMAT!IH .51H0PTI0NAL OUTPUT OF INPUT DATA. CHECK AGA

IINST SYSTEM.8H VALUES.)
903 F0RMAT!1H .IIHTOT. EQP. =I3.13H UNK. STMS. =I3.12H TOT

l.COMP. trlB.lAH KNOWN STMS.= I3.14H INLET STMS. =I3.20H
2RECYCLE INDICATOR =12)
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TABLE lY (continued)

904 FORMATdH ♦ 20X« 7HVALUES ( I 31 1 H« 13 * 1 H) )
905 FORMATdH «23HSTM, ORIENTATION MTX, d3» 1 H« 13♦ 1 H ) )
906 FORMATdH ♦9X.8HEQP. NO. «7X.9HEQP» TYPE)
907 FORMATdH . 9X«9HC0MP0NENT. 7X. 9HMOLE • WT. ♦6Xf 9HHEAT CAP

1..AX.1IHLATENT HEAT)
908 F0RMAT(1H .SXdOHINLET STM..4X«11HTEMPFRATURE♦7X.8HPRE

1SSURF)
909 FORMATdH/«7HSIGMA =I 4.38H FOR THE OPTIMUM EQUIPMENT S

lEQUENCE 0FI3. 19dH. 13 ) )
910 FORMATdH/.59H***»***»******* OPTIONAL INTERNAL OUTPU

1T ****♦***♦♦*****)
911 FORMATdH «30X)
912 FORMATdH .lAHENERGY BAL. 0N.I3.8H EQPS. =/10E12.5)
913 FORMATdH .60H** (NEGATIVE VALUES OF RECYCLE PARAMETE

IRS RESULTED FROM THE/IH .60H CONVERGENCE METHODS. TWO
2SETS OF RESULTS ARE PRESENTED. THE/IH .60H LAST SET IS
3 THE RESULT OF SETTING ALL NEGATIVE VALUES^ZERO))

914 formatdH/.20X.35HMATRIX OF SYSTEM STREAM ORIENTATION/
IIH .9HEQP. N0./15X.lOHSTREAM NO./IH .9X.2515)

915 FORMATdH .I6.3H /.25I5)
230 FORMATdH .5HPHI d 3 . 3H BY . I 3 . 1 H) )
259 formatdHI.29HACTUAL COMPUTATIONAL TIME WASF11.6.23H S

lECONDS TO COMPLETION.)
260 formatdHl.52HT0TAL COMPUTING TIME TO COMPLETE ANALYSI

IS THRU PHASE 12.4H WASF11.6.9H SECONDS.)
261 FORMATdH . 36HTI ME LEFT TO RUN FROM START OF JOB =F11.

14.9H SECONDS.)
C  *♦ (READ INPUT DATA) **

READ lOO.NMLKJI
DO 500 IJKLMNsl.NMLKJI
READ 100.I.J.KC.KS.INSTM.LRC.LCON.IDTV.NOUT.N0UT2.NTYP

IE
IF (NOUT) 201.201.200

200 LEFTT=34359738367-ITIMER(-1)
X=LEFTT
X=X/60.
PRINT 261 .X
LTIME=ITIMER(0)

201 read 108.Ident
IP1»I+1
JKSaJ+KS

KCl*t<C+l
KOUT = JKS- (J-f INSTM)
IMl«I-1

IM2=l-2



TABLE IV (continued)

ke:nny=i
JINSTMsJ+INSTM

NC0UNT=0

NEGl=0

!F (LRC) 120.120.121

121 READ lOl.CONCRt

READ lOO.LRCMX

READ lOO.MAXPAS

120 DO 122 Lsl.JlNSTM

122 READ lOl ♦ (VALUES(L.K) .K=l .KCn
DO 128 K=1.<C

128 READ 107.(NAME(K.K1).K1=1.4).C0MMW(K).C0MHC(K).C0MHV(K

1 )

READ 100.<NEQ(K.n.K=l.1)

READ 100.(IET(K).K=l.1)

IF (LRC.LT.l) GO TO 125

DO 126 L1 = 1. I

L=NE0(L1.1 )

126 READ lOO.(NP(L«X1«K=1.JKS)

READ 100.(MP(IPl.K).Ksl.J)

125 DO 127 L=1.INSTM

J1=J+L

127 READ l02.ST(jn .SP(J1 )

READ 101♦(ENERGY(K).K«1.I)
** (OPTIONAL OUTPUT OF INPUT DATA) ♦*

IF (NOUT) 401.401.400
400 PRINT 902.IJ<LMN

PRINT 103.IDENT
PRINT 910

PRINT 903.I.J.KC.KS.INSTM.LRC
PRINT 904.JKS.KC1
DO 402 Ksl.JKS

402 PRINT 101.{VALUES(K.L).L=l.KCl )
IF (LRC) 405.405.403

403 PRINT 905.1P1.JKS
DO 404 Kl=l.I
K=NEQ(K1»1)

404 PRINT 106.(NP(K.L).L=l.JKS)
PRINT 106. (NPdPl .L) .L=l . J)

405 PRINT 906
DO 406 K=1.I

406 PRINT 104.NEQ(K.1).lET(K)
PRINT 907
DO 407 Kal«KC

407 PRINT 105.K.C0MMW(K).COMHC(K)♦COMHV(K)



TABLE IV (continued)

PRINT 906

DO 408 Kal.INSTM

J1=J+K

408 PRINT 105*J1tSTIJl)«SP(J1)

PRINT 912.I♦(ENERGY(K).K=l♦I)

PRINT 911
401 NDTRED=0
** (READ INPUT DATA IN SUBROUTINES) **

DO 700 KN0W=1«I
700 MIE:Q(KNOW)=NEQ(KNOW. 1 )

IF (IDTV) 750.750.752
750 DO 751 K=l*INSTM

KPJ=K+J
DO 751 L=1.KC

751 VALUES(KPJ.L)=VALUES(KPJ.L)/VALUES(KPJ«KC1)
752 CONTINUE

CALL SELECT(NDTRED«MIEQ.lET*I.J*KS*JKS«KC«KC1.VALUES.S
1T » SP.COMMW * COMHC * COMHV♦ENERGY.LCON,NOUT«CFR)
NDTRED=100
IF (NOUT) 203«203«202

202 N123=l
LEFT=34359738367-ITIMER(-1 )
X=LEFTT
YaLEFT
X«(X-Y)/60.
PRINT 260.N123.X

203 IF (LRC) 2*2.1
*♦ (START SEQUENCE OPTIMIZATION FOR RECYCLE) **

1  IC = 1
IP1=I+1
111*0
NTRsO

M=0

N« 0
NEG«0

NNR»0

*♦ (LRCMX* 2 IF SEQUENCE OPTIMIZATION HAS FAILED) **
IF (LRCMX-1) 803*803*2

803 CONTINUE
** (CALCULATE DELTA MATRIX) #*

DO 300 K=1* I

DO 300 L=1* I
300 NDM(K,L)aO

DO 312 Kl=l*J
DO 312 K2=l* I



TABLE IV (continued)

K=NEQ(K2* 1 )

DO 312 L2«l«I

L«NEQ(L2«1)

IF (NP<K«k:1)) 301«312«301

301 IF (NP(L*K1)) 302«312«302

302 IF (NP(K»Kl>+NP(L«Kn1 312»303«312
303 IF (NP(L«K:1 ) + IABS(NP{K«(<M ) > 312»304«305

304 NDM(K*L)=NP(IPlfKl)

GO TO 306

305 NDM(K«L)»-NP(IP1«K1)
306 DO 311 KK=l♦J

IF (Kl-KK) 307*311«307
307 IF (NP(K«KK)+NP(L«KK)1 311*308*311
308 IF (NP{K*KK)) 309*311*310
309 NDM(K*L)aNOW(K*L)-NP(IPl,KK)

GO TO 311
310 NDM(K*L)=NDM(K*L)+NP(IPI*KK)
311 CONTINUE

312 CONTINUE
C  ** (MAXIMUM POSSIBLE SEQUENCES®(11 FACTORIAL) *♦

NMATERa1
DO 351 K=1*I

351 NMATER=NMATER*K
C  ** (CHECK DELTA CALCULATI ON*• NDM(K*L1«-NDM(L*K) )*♦

313 DO 314 Kal* I
DO 314 L=1* I
IF (NDM(K*L)+NDM(L*K)1 950*314*950

314 CONTINUE
C  ** (CALCULATE SIGMA(IC) OF NEQ(I*IC) ORDER OF DELTA) »♦

3 NSIG(IC)=0
DO 315 KK*1*IMl
K*NEO(KK*IC)
KPlaKK+1
DO 315 LL»KP1* I
L=NEQ(LL*IC)

315 NSIG(IC)aN5IG(IC)+NDM(K*L)
GO TO (4*5)*IC

950 PRINT 900

GO TO 500
C  ** (CALCULATE GAMMA UPPER TRIANGLE FROM NEQ(I«1) SEQUENCE
C  OF DELTA MATRIX) **

4 CONTINUE
DO 319 KK*1«IMl
K=NEO(KK*1)
KL=KK+1



TABLE IV (continued)

DO 319 LL«KL«1

LLL=NEQ{LL.1)

NGM1«0

NGM2=0

DO 316 lk:=kl»ll

L=NEQ(LK*1)
316 NGM1=NGM1+NDM{K»L1

LMl=LL-1

DO 318 LK«KL*LM1

IF (LL-Kt<-2) 319.317*317

317 CONTINUE

L=NEQ(LK.l)

318 NGM2»NGM2+NDM(L*LLL1
319 NGM(t<K.LL)=NGMl+NGM2

GO TO 13

** (COMPARE SIGMAS 1 AND 2 FOR MINIMUM) **
5  IF (NSIG(2)-NSIG(1)) 7.6.6

6 NTX»sn

NC»0

GO TO 8

7 NTX=1

NC=1

8  IF (NNR) 9.9*11

9  IF (NTX) 10*10*12

10 IF (NCI 322*322*320

11 IF (III) 24*24*25

24 IF (NTX) 22*22*23

25 IF (NTX) 18*18*26

26 NSIG(1)aNSIG(2)

DO 342 Kal* 1

342 NEQ(K*I)=NEQ(K*2)
GO TO 18

** (INITIALLY SET LOWER GAMMA = UPPER GAMMA TRIANGLE) **
320 CONTINUE

DO 321 Kal.lMl

KPlaK+1

DO 321 L=KP1*1

321 NGM(L«K)s:Nr,M(K*L )

*♦ (SET LOWER GAMMA(N*M>= -1000000) ♦*
322 CONTINUE

IF (M) 325*325*323
323 IF (N) 325*325.324
324 NGM(N.M)s-lOOOOOO
325 CONTINUE
♦* (SELECT MAXIMUM ELEMENT OE LOWER GAMMA) #*
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DO 350 Kal«IMl

tCPl =K+1

DO 350 LeKPltT

IF (NGM(L«K)+1000000) 350»350«352

350 CONTINUE

IF (NOUT) 210.2l0t209

209 PRINT 901»NTR

210 NNR=1

NTXarO

GO TO 11

352 CONTINUE

LI = 1 Ml

K1 = I

DO 332 K=1»IM1

L=I-K

LPl«L+1

DO 332 KK«LP1*I

IF (NGMIKlfLO) 327«327«328

327 IF (NGM(KK«L)) 32P»329»33n

328 IF (NGM(KK*L)) 331»331«329

329 CONTINUE

IF (NGM(K1 ,L1 l-NGM(t<K»L) 1 330«330,331
330 L1»L

K1 =KK

331 CONTINUE

332 CONTINUE

C  ♦* (M«N = COORDINATES OF MAXIMUM UNTRANSFORMED GAMMA) **
M«L1
N=K1

NC = 0
NNRaO

NTR=NTR+1

C  ♦* (IC= 2« NEQ(I♦2)=TRANSF0RMED SEQUENCE OF NEQ(I♦1) ) **
DO 333 Kal,I

333 NEQ(Kr.2)»NEQ(K« 1 )
NEQ(M.2)=NFQ(N»1)
NEQ(N»2)=NFQ(M»1)
IC = 2

C  *♦ (CHECK.•• NUMBER OF SEQUENCES NOT TO EXCEED NMATER) *♦
IF (NTR-NMATER) 3«3«21

C  ** (IC= It NEQ(Itl )= BETTER SEQUENCE NEQ(It2)t WHEN
C  NSIG(2) WAS LESS THAN NSIG(l) ) ♦*

12 DO 334 Kalt1
334 NEQ(Kt1)=NEQ(Kt2)

NSIGd )=NSIG{2)
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ICei
NGaO

N«0

M»0

GO TO 4

C  *♦ (SEARCH UPPER GAMMA FOR POSITIVE ELEMENTS) **
13 CONTINUE

DO 335 K=1«IMl
KPlsK+1

DO 335 L=KP1♦I
IF (NGM(K*L)) 335♦335»320

335 CONTINUE
GO TO 14

C  ** (ALL GAMMA ELEMENTS"© OR LESS* SEARCH INNER* UPPER
C  DELTA MATRIX FOR POSITIVE ELEMENTS) **

14 DO 336 KK=2*IM2
KPl"KK+1

K=NEQ(KK*1)
DO 336 LL=t<Pl tlMl
L=NEQ(LL*1)
IF (NDM(K*L)) 336*336*320

336 CONTINUE
GO TO 15

C  ** (GAMMA AND DELTA ELEMENTS INDICATE A POSSIBLE SOLUTION
15 IF (III) 16*16*18

C  *♦ (III»0 FOR FIRST SEQUENCE* MIEQ(I)" NEQ(I * 1) AND
C  NSIGMA = SIGMA OF BEST SEQUENCE OF DELTA) **

16 DO 337 Kal* I
337 MIEQ(K)xNEQ(K*1)

NSIGMA«NSIG(1)

11 1«1
GO TO 17

C  ** (INVERT FIRST VERSION SEQUENCE AND TRY OPTIMIZATION
C  AGAIN) *♦

17 DO 338 Kal* I
LaI-K+1

338 NEQ(K*1)aMIEQ(L)
NTRa|s|TR+l
MaO
NaO
IC = 1

GO TO 3
C  ** (SELECT BEST OF BOTH VERSIONS) **

18 IF (NSIGd )-NSIGMA) 19*20*20
19 DO 339 Kal♦I
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339 MIE:Q(K)»NEQ(K« 1 )

NSIGMA = NS1«^( 1 )

GO TO 20

21 NNR=1

GO TO 3

22 DO 340 L«1* I

340 MfEQ{L)=NEQ(L«n

NS1GMA«NSIG(1)

GO TO 20

23 DO 341 Kal«1

341 MIEQ(K)=NEQ()<*2)

NS1GMA=NS!G(2)

GO TO 20

C  ** (START CONVERGENCE CALCULATIONS OF RECYCLE PARAMETERS)

20 IF (NOUT) 612»612«613

613 PRINT 910

PRINT 909«NSIGMA*(MrEQ(K)*<=1,n

PRINT 914*(K.K=1«JKS)

PR INT 911

DO 614 LK=1«I

KL=M1EQ(LK)

PRINT 915*KL*(NP(KL♦KXYZ)«KXyZ=l.JKS)
614 CONTINUE

PRINT 101«((VALUES(K«L).L=1»KCl)*K=1«JKS)
N123=2

LEFT=34359738367-1TIMER(-1)
X=LEFTT
Y=LEFT
X=(X-Y)/60»

PRINT 260*N123,X
C  ♦* (COMPUTE. NUMBER OF RECYCLE STREAMS=NORC. NUMBER OF
C  RECYCLE PARAMETERS=MU > **
C  OP
C  *» (ATTEMPT CONVERGENCE ON PRIMARY SEQUENCE) #*

612 MU=0
NORC=0
DO 603 K=1.J
DO 601 L=1.I
KK=MIEQ{L)
IF (NP(KK.K)) 603.601.600

600 N0RC=N0RC+1
MIN0R(N0RC«KC1)=K
MU=MU+NP(IPl.K)
GO TO 603

601 CONTINUE
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603 COtMTtNUE:
K1 =0

C  ♦* (MINOR(K«L)- 1 IF PARAMETER IS RECYCLE* 0 IF NOT) **
DO 616 Kl=l♦NORC
K=MIN0R(K1.KCl)
DO 616 Lssl fKC
IF (VALUES (f<«L)+l 000000,) 618*618*619

618 MlNORIKl*L)=1
GO TO 616

619 MIN0R(K1*L)«0
616 CONTINUE

C  ** (CALCUATE ARBITRARY INITIAL RECYCLE COMPOSITIONS AND
C  FLOW RATES) *♦

MPl«MU+1

KKK = 0
STMTFR=0,
DO 604 K=1*INSTM

LLaK+J
604 STMTFR=STMTFR+VALUFS(LL*KC1)

DO 608 Lai*NORC
KaMlNORfL'KCl)
X»NP(IPl*K)
DO 600 LL=1«KC
IF {MINOR(L*LL)) 608*608*609

609 KKKaKKK+i
PHI(KKK.l)aSTMTFR/X

608 CONTINUE
C  »* (GENERATE THE FIRST PHI(MU*MU+1) MATRIX) **

DO 710 Lal*MAXPAS
NCOUNT=NCOUNT+1
KKal

DO 703 Klal«NORC

K2«MtNOR(Kl*KC1)
VALUES(K2*KC1)=0,
DO 702 Kal*KC
IF (MIN0R(K1*K)) 702*702*701

701 VALUES(K2*K)aPHI(KK*1)
KKaXK+l

702 VALUES(K2*KC15^VALUES(K2*KC1)+VALUES(K2*K)
DO 703 Kal*<0
VALUES(K2*K)aVALUES(K2*K)/VALUES(K2*KCl)

703 CONTINUE
CALL SELECT(NDTRED*MIEQ*IET*I *J*KS*JKS♦KC*KC1♦VALUES*?

1T * SP * COMMW,COMHC * COMHV * ENERGY * LCON,NOUT * CEP)
DO 705 KLal*MU
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TABLE IV (continued)

705 PHI(KL«2)=PHI(KL.n
KK = 1

DO 707 K=l*NORC

K1=MIN0R(K«KG1)

DO 707 K2=l«KC

IF <MIN0R(K»K2)) 707«707«706

706 PHI(KK«1)=VALUES(K1♦K2I*VALUFS(K1«KC1)
KKaKK+l

707 CONTINUE
IF (N0UT2) 207*207»208

208 LPONF=2
PRINT 230*MUtLP0NF
DO 229 KTXN=1*MU

229 PRINT 101»(PHI(KTXN»KXT)♦KXTsl«LPONE)
PRINT 228

C  *» (CHECK LAST SET OF PHI RECYCLE VALUES AGAINST
C  CONVERGENCE SPECIFICATIONS.) **

207 DO 709 K=1.MU
X»(PHI(K.2)-PHI(K,n)/PHI(K.1)
IF (NOUT2) 213.213.212

212 PR INT 101.X
213 IF (ABS(X)-CONCPI> 709.709.710
709 CONTINUE

Kf^NNYsO
GO TO 800

710 CONTINUE

IF (KENNY) 720.720.757
757 PRINT 119.NC0UNT

GO TO 500
720 KK=1

LRCMX=0
NEGl=NEG+1
GO TO (804.805).NFGl

805 PRINT 913
804 DO 811 L=1.NORC

LK=MIN0R(L.KC1)
VALUES(LK.KCl)=0.
DO 810 NK=1.KC
IF (MINOR(L.NK)) 810.810.812

812 GO TO (807.806).NEGl
806 IF (PHI(KK.l)) 808.807.807
807 VALUES(LK.NK)=PHI(KK.1 )

GO TO 809
808 VALUES(LK.NK)=0.
B09 KK=KK+1
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TABLE 17 (continued)

VALUES(LK«KC1 )=!\/ALUES (LK.KCI )+VALUES(LK«NK)
810 CONTINUE

DO 811 K=1 «KG

VALUES(LK « K)=VALUES(LK♦K)/VALUES(LK « KG1)
811 CONTINUE

G  ** (NO RECYCLE♦ CONVERGED RECYCLE VALUES* OR NO OPTIMIZED
C  SEQUENCE EXISTS AT THIS POINT) ♦♦

2  IE (LRCMX-l) 800*800*612
C  ♦* (EINAL CALCULATIONS OE ALL COMPOSITIONS* ELOW RATES*
C  STREAM temperatures AND PRESSURES* AND P-QUIPMENT HEAT
C  BALANCES) *♦

800 LCON=2
IE (NOUT) 205*205*204

204 N123=3
PRINT 118*NC0UNT
LEET=34359738367-ITIMER(-1 )
X»LEETT

Y«LEET
X=(X-Y)/60,
PRINT 260*N123*X

205 CALL SELECT(NDTRED*MIEQ*lET*I*J*KS*JKS*KC*KC1*VALUES*5
1T * SP * COMMW * COMHC * COMHV♦ENERGY * LCON * NOUT * CER)

DO 814 L=1*JKS
SE(L)=0,
DO 814 Kal*KC

814 SE(L)=SE(L)+(VALUES(L*K)*VALUES(L*KC1)*COMHC(K)♦ST(L))
C  ♦♦ (EINAL OUTPUT OF SYSTEM ANALYSIS) ♦♦

IE (NTYPE) 801*801*802
802 PUNCH 108*I DENT

DO 819 L=1*JKS
PUNCH 110*L*VALUES(L*KC1)»ST(L)
PUNCH 111*SP(L)*SE(L)
DO- 821 Kal*KC

821 CER(K)=VALUES(L*K)^VALUES(L*KC1)
PUNCH I 12

DO 819 K=1*KC
819 PUNCH 113*(NAME(K*KK)*KK=1*4)*VALUES(L*K)*CER(K)

DO 820 L=1* I
820 PUNCH 114*U*ENERGY(L)

PUNCH 109
DO 825 L=1*KC
X=0«
Y=0,
DO 823 Kal*INSTM

JPK=J+K
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TABLE IV (continued)

823 X=X+(VALUES(JPK.L)*VALUE:S(JPK»KC1 ) )
DO 824 K=1«KOUT

JPK=J+K+!NSTM

824 Y=Y+(VALUES(JPK»L)*VALUES(JPK«KC1))

PCE(L)=((Y-X)/X)*100,

825 PUNCH 117«(NAME(L»K1)»K1=1«4)tX.Y^PCECL)

2=0.

22 = 0.

DO 829 K«1.INSTM

JPt<=J+K

829 2=2+VALUES( JPK.KCn

DO 830 K=1.K0UT

JPK=J+K+INSTM

830 22=22+VALUES(JPK.KCl)

DELTA=((22-2)/2)*100.

PUNCH 131 * 2.22.DELTA

801 print 103.I DENT

DO 815 L=1.JKS

PRINT 1lO.L.VALUES(L.KCn«ST(L)

PRINT 111.SP(L).SE(L)

DO 822 K=1.KC

822 CFR(K)=VALUES(L.K)»VALUES(L»KC1)

PRI NT 112

DO 815 t<=l .KC

815 PRINT 113.(NAME(K.KK).KK=1.4).VALUES(L.K).CFRIK)

DO 816 L=1.I

816 PRINT 114.L.ENERGY(L)

PRINT 109

DO 828 L=1.KC

X=0.
Y=0,

DO 826 K=1.INSTM

JPK«J+K

826 X=X+(VALUES(JPK.L)*VALUFS(JPK.KCl))

DO 827 K=1.K0UT

JPK=J+K+INSTM

827 Y=Y+(VALUES(JPK.L)*VALUFS(JPK.KCl)1

PCE(L)=((Y-X)/X)*l00.

828 PRINT 117.(NAME(L.K1).Kl=l.4).X.Y.PCE(L)
2=0.

22 = 0.

DO 831 K=1.INSTM

JPK=J+K

831 2=2+VALUES(JPK.KCl)

DO 832 K=1.K0UT
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JPKsj4-K+tNSTM
832 ZZ=2Z+VALUeS(JPK*KC1)

DELTA=((ZZ-Z)/Z)*100,

PRINT 131♦Z«ZZ«DELTA
818 IF (NEGl-l) 501«501»817
817 NEGfeO

GO TO 720
501 CONTINUE

IF (NOUT) 500,500,211
211 LTIME=34359738367-ITIMFR(-n

left=leftt-ltime
X=LEFT
Y»X/60«
PRINT 259,Y

500 CONTINUE
RETURN

END
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TABIE V

FORTRAN LISTING OF THE SEEIv/HUNT PROGRAM SYSTEM DECK, PART J

C  ** THIS ts THE SEEK MASTER DPCK "
C  ** DIMENSION NEQ(I*2r«N0M(I«I),NGM(I♦I)«NP(I+l♦J+KS)«MIEO
C  KM
C  »* THE FOLLOWING CARD MUST BE ALTERED FOR EACH PROCESS ♦*

DIMENSION MIEQ(9)«NDM(9»9)«NGM(9*9> tNEO(9«2)^NP(10*18)
too F0RMAT(14I5)
101 FORMAT(IH tlSHOPTIMUM SEQUENCE♦20(13 *2H**)>
102 FORMAT!IH *2515)
210 FORMAT!IHl*20HORIENTATION MATRIX !13*3H BYt3«lH))
211 FORMAT!1H .4HMU =15)
212 FORMAT!1H «6HSTREAM13♦12H IS RECYCLE.)

READ 100*I«J*KS*NOUT
IP1=I+1
JKS=J+KS
READ 100*!NEQ!K«1)«K=1«1)
DO 120 (<L=1 « I
K=NEQ!KL«1)

120 READ 100*!NP!K«L)tL®!♦JKS)
READ 100.!NP!IPl,L)tL®!.J)
IF !N0UT) 300.300*302

300 PRINT 210.1P1.JKS
DO 301 <=1.1

301 PRINT 102.!NP!K.L).L=l.JKS)
PRINT 102. !NP! IPl .D.L®! ♦ J)

302 CONTINUE
CALL HUNT!I.J.KS.IPl.JKS.NEQ.NP.NDM.NGM.MlEQ.NOUT)

612 MU=0
NORC=0
DO 603 K»1.J
DO 601 L=1«I
KK=MIEQ!L)
IF !NP!KK«K)) 603.601.600

600 N0RC=N0RC+1
PRINT 212.K
MU=MU+NP!loi.K)
GO TO 603

601 CONTINUE
603 CONTINUE

PRINT 211.MU
PRINT 101.!MIEQ!K).K=l.i)
PUNCH 100.!MIEQ!K).K=l«I)
CALL EXIT
END
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Table V (continued)

FORTRAN LISTING OF THE SEEK/HUNT PROGRAIa SYSTEM DECK, PART B

SUBROUTINE HUNT(I.J«KS«IPl.JKS«NEQ,NP«NDM,NGM,MtEQ«NOU
IT)

DIMENSION NEQ(I*2)fNDMII«I)tNGMII«I)♦NP(IP)♦JKS)«MIEQ(
1 I )
DIMENSION IDENTd1)«NSIG(2)

100 FORMAT!I4I5)
103 FORMAT!IH ♦5X.11A6)
106 FORMAT!2515)
107 FORMAT!1 HI«11A6)
260 FORMAT!1 HI♦28HT0TAL COMPUTATIONAL TIME WAS»F10»5«9H SE

ICONDS.)
900 FORMAT!IH *60HERR0R DETECTED IN STREAM ORIENTATION MAT

IRIX, PROGRAM DUMPED.)
901 FORMAT!1H ,47HSYSTEM YIELDED NO MINIMUM EQUIPMENT SEQU

lUENCE IN«I4«40H ATTEMPTS, BEST SEQUENCE WAS AS EOLLOWS
2,)

909 FORMAT!1H/»7HSIGMA =I4»38H FOR THE OPTIMUM EQUIPMENT S
lEQUENCE 0FI3,19!1H«I3))

910 FORMAT!1H/«59H*»*******»***** OPTIONAL INTERNAL OUTPU
IT ****************)

914 FORMAT!1H/,20X♦35HMATRIX OF SYSTEM STREAM ORIENTATION/
IIH .9HEQP# N0,/15X.lOHSTREAM NO,/lH«9X♦2515)

915 FORMATIIH ♦I6.3H /«25l5)
917 FORMATIIH ♦60I1H-))

LTIME=ITIMER!0)
READ 103«IDENT

I  IC = 1
IM1=I-1
IM2*I-2
I I laO
NTRaO
MaO

NaO
|Sft_IMITaO
NNRaO

C  ** ICALCULATE DELTA MATRIX) ♦*
DO 300 Kal♦I
DO 300 Lai♦I

300 NDM!(<«L)aO
DO 312 Kl=l♦J
DO 312 K2=l♦I
»<aNE:Q!k:2« 1 )
DO 312 L2=l.I
LaNEQ!L2*l)
IF !NP!K«K1)) 301,312«301



TABLE Y (continued)

301 IF (NPtL^KD) 302»312»302
302 IF (NP(K«K1)+NP<L«Kl)) 312«303«312

303 IF {NP(L«Kn + IABS(NP(K*Kl ) 1 ) 312*30A«305

30a NDM(K«L)«NP(IP1 ,Kn
GO TO 306

305 NDM{K«L)=-NP( IPl ,Kn

306 DO 311 KK=1♦J
IF (Kl-KK) 307»311*307

307 IF (NP(K*»<K>4-NP{L.K:k1 ) 311*308*311
308 IF (NP(K«KK>) 309*311*310
309 NDM(K*L)ssNDM(K*L)-NP( IPl *KK)

GO TO 311
310 NDM(K*L)«NDM<K«L)+NP(IPl,<K)
311 CONTINUE
312 CONTINUE

C  ** (MAXIMUM POSSIBLE SEQUENCES"(M FACTORIAL) **
NMATERsl
DO 351 K«1*I

351 NMATER»NMATER*K
C  ♦♦ (CHECK DELTA CALCULATION.. NDM(K*L)"-NDM(L*K) )**

313 DO 314 K«1.I
DO 314 L«1♦1
IF (NDM(K*L)+NDM(L*K)) 950*314*950

314 CONTINUE
C  ** (CALCULATE SIGMA(IC) OF NEQ(I*IC) ORDER OF DELTA) **

3 NSIG(IC)=0
DO 315 KK=I*IMl
K"NEQ(KK«IC)
KPl"KK+1
DO 315 LL=KP1* I
L»NEQ(LL*IC)

315 NSIG(IC)=NS1G(IC)+NDM(K.L)
GO TO (4«5)*IC

950 PRINT 900

GO TO 500

C  ** (CALCULATE GAMMA UPPER TRIANGLE FROM NEQ(I * 1 ) SEQUENCE
C  OF DELTA MATRIX) **

4 CONTINUE
DO 319 KK=1*IMl
K"NEQ(KK*1)
KL-KK+1
DO 319 LL=KL*I
LLL»NEQ(LL*1)
NGM1*0
NGM2=0
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TABLE V (continued)

00 316 LKaKLtLL
L«NEQ(LK»1)

316 NGMlaNGMl+r>10M(K:»L)

LMl-LL-1

DO 318 LK«<L.LM1

IF (LL-KK-2) 319.317*317

317 CONTINUE

L«NEO(LK.1)

318 NGM2=NGM2+NDM(L«LLL1

319 NGMtKK.LL)=NGM1+NGM2

GO TO 13

C  ** (COMPARE SIGMAS 1 AND 2 FOR MINIMUM) **

B IF (NS1G(2)-NS1G(1)) 7«6.6

6 NTX«0

NC = 0

GO TO 8

7 NTX»1

NC«1

8 IF (NNR) 9.9.11

9 IF (NTX) 10.10.12

10 IF (NO 322.322.320

11 IF (III) 24.24.25

24 IF (NTX) 22.22.23

25 IF (NTX) 18.18.26

26 NSIGd )eNSlG (2)

DO 342 Kal.I

342 NEQ(K.1)«NE0(K.2)

GO TO 18

C  ** (INITIALLY SET LOWER GAMMA = UPPER GAMMA TRIANGLE) **

320 CONTINUE

DO 321 K«1.IMI

KPlaK+1

DO 321 L=KP1.I

321 NGM(L.K)=NGM(K.L)

C  ♦* (SET LOWER gamma(N.M)= -1000000) *♦
322 CONTINUE

IF (M) 325.325.323
323 IF (N) 325.325.324
324 NGM(N.M)a-lOOOOOO
325 CONTINUE

C  ♦♦ (SELECT MAXIMUM ELEMENT OF LOWER GAMMA) **
DO 350 K=1.IMI
KP1=K+1
DO 350 LaKPl.I
IF (NGM(L.K)+1000000) 350.350.352
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350 CONTINUe
PRINT 901«NTR

NNRstl

NTXaO

GO TO 11

352 CONTINUE

LI=IM1

K1 = 1

DO 332 Kal♦IMI
L=!-K

LP1«L+1
DO 332 k:K=LP1»I
IF (NGM(K1*L1)) 327»327«328

327 IF (NGM(KK,L)) 329«329*330
328 IF (NGM(KK*L)) 331«331«329
329 CONTINUE

IF (NGM(K1.Lll-NGMIKKfL)) 330.330,331
330 L1«L

K1 sKK
331 CONTINUE
332 CONTINUE

C  ♦* (M,N = COORDINATES OF MAXIMUM UNTRANSFORMED GAMMA) **
M«L1

N»K1
NC«0
NNR«0

NTR=NTR+1
C  ** (IC= 2. NEQ(I,2)"TRANSFORMED SEQUENCE OF NEQ(I.l) ) »*

DO 333 K«1,I
333 NEQ(K«2)«N5Q(K,1)

NEQ(M,2)aNEQ(N,1)
NEQ(N»2)"NEQ(M,1)
lC-2

C  #* (CHECK,•• NUMBER OF SEQUENCES NOT TO EXCEED NMATER) ♦*
IF (NTR-NMATER) 3.3,21

C  ** dC" 1, NEQd,!)" BETTER SEQUENCE NEQd,2), WHEN
C  NSIG(2) WAS LESS THAN NSIGd) ) ♦*

12 DO 334 Kal,I
334 NEQ(K,1)aNEQ(K,2)

NSIGd )aNSlG(2)
IC«1
NCaO

N"0

M=0

GO TO 4
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C  ** (SEARCH UPPER GAMMA FOR POSITIVE ELEMENTS I **
13 CONTINUE

DO 335 K=1«IMI

KPl«K+1

DO 335 L«KP1«I

IF (NGM(K«L)) 335«335*320

335 CONTINUE

GO TO 14

C  ** (ALL GAMMA ELEMENTS»0 OR LESS* SEARCH INNER. UPPER

C  DELTA MATRIX FOR POSITIVE ELEMENTS.1 ♦♦
14 DO 336 KK=2.IM2

KPta|CK+l

K=NEQ(KK«1)

DO 336 LL=KP1«IM1

L«NEO(LL.11

IF (NDM(Kr«L>l 336.336.320

336 CONTINUE

GO TO 15

C  ** (GAMMA AND DELTA ELEMENTS INDICATE A POSSIBLE SOLUTION

15 IF (HI) 16.16.18

C  ** (III»0 FOR FIRST SEQUENCE. MIEQ(I)= NEQ(1«1) AND

C  NSIGMA = SIGMA OF BEST SEQUENCE OF DELTA.) **

16 DO 337 K«l.l

337 MIEQ(K)=NEQ(K.1)

NSIGMA«NSIG(1)

111 = 1

GO TO 17

C  ** (INVERT FIRST VERSION SEQUENCE AND TRY OPTIMIZATION

C  AGAIN.) **

17 DO 338 K»1.I

L=I-K+1

338 NEQ(K.1)«MIEQ(L)

NTR=NTR+1

M=0

N=0

IC = 1

GO TO 3

C  ** (SELECT BEST OF BOTH VERSIONS) *♦
18 IF (NSIG(1)-NSlGMA) 19.20.20
19 DO 339 K=1«I

339 MIEQ(K)=NEQ(K.l)
NSIGMA«NS1G(1 )
GO TO 20

21 NNR«1
GO TO 3
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22 DO 340 Lal«l
340 MIEQ(Ly=NEO{L«1)

NSlGMA=NSia(1)

GO TO 20

23 DO 341 K=1•I

341 MIEQ(K)=NE3(K»2)

NS!GMA=NSIG(2y

GO TO 20

*♦ (START CONVERGENCE CALCULATIONS OF RECYCLE PARAMETERS)
20 IF (NOUT) 613»613»612

613 PRINT 910
PRINT 909.NSIGMA.(MIEQOO tK^l.I)
PRINT 914»(<♦<=!«JKS)
PRINT 917
DO 614 LK=1«I
KLaMlEQ(LK)
PRINT 915»KL«(NP(KL«KXY2)•KXY7»1»JKS)

614 CONTINUE
612 CONTINUE

LTIME«ITTMER(0)
X«LT1ME

X«X/60«
PRINT 260«X
PRINT 107«IDENT

500 RETURN

END
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TABLE VI

FORTRAN LISTING OF THE FINL PROGRAIii DECK

C  THE FIND MASTER DECK LNK

C  DIMENSION MIEQII)♦lET(n«ENERGY(ntNAME(KC«4)♦CFR(KC)«
C  IVALUESIJKSfKCl>.ST(JKS)«SP(JKS)«SE(JKS)tMINOR(NORC«KC1
C  2).PHI{MU«2)«COMMW(KC).COMHC(KC).COMHV(KC).PCE(KC)

DIMENSION IDENTdl)
100 FORMAT!1415)
101 F0RMAT(5E15#6)
102 FORMAT(5F15.6)
103 FORMAT!IHl«5X.11A6)
104 FORMAT!7115)
105 F0RMAT!1H .4A6.F7.2.F17«3.F16.2)
107 FORMAT!IH «4A6.F1C♦3.F10.5.F10.2)
108 FORMAT!1H .5X.11A6)
109 FORMAT!1H .8X♦9HC0MP0NENT«11X,8HT0TAL IN.1 OX♦9HT0TAL O

1UT)

110 F0RMAT!1H «6HSTREAM«14♦1H.«5H FL0W.E14.6.14H LBS. PER
IHOUR.IH..F6.1.TH F DEG..1H.)

111 FORMAT!IH .F6.1.5H PS IA♦IH♦E15.6♦12H BTU PER HR.)
112 format!1H .58HMASS FRACTION STREAM COMPOSITIONS AND CO

IMPONENT FLOW RATES)
113 FORMAT!1H «4A6.1X.2E17.6)
114 format !1H .ERHHEAT BALANCE ON EQUIPMENT NO•«I3♦1X«3HW

1AS.E16.8.1X.3HBTU)
116 F0RMAT!1H ♦I12.2F15.3)
117 FORMAT!IH ♦4A6♦E14.6♦El8./lH .EIHCOMP. PER CENT CHANGE

1F12.6)
118 FORMAT!IH .31HCONVERGENCE WAS REALIZED IN THEI5.10HTH.

1 TRIAL.)
119 FORMAT!1H ♦SHAFTERI5.37H TRIALS CONVERGENCE WAS NOT OB

ITAINED.)

131 FORMAT!IH «3X.21HENTI RE SYSTEM BALANCE*El 4.6.El 8.6/1H
1.13HPR0CESS ERR0RF12.6.5H PCT.)

228 FORMAT!1H ♦36HINPUT-OUTPUT FRACTION DIFFERENCES OF/IH
1.33HTHE RECYCLE COMPONENT FLOW RATES.)

902 FORMAT!IH .51H0PT10NAL OUTPUT OF INPUT DATA. CHECK A6A
IINST SYSTEJI.8H VALUES.)

903 FORMAT!1H .IIHTOT. EQP. =I3.13H UNK. STMS. =I3.12H TOT
l.COMP, =I3.14H KNOWN STMS.=I3.14H INLET STMS. =I3«20H
2RECYCLE INDICATOR =12)

904 FORMAT!IH «20X♦7HVALUES!I 3»1H.13«1H))
905 FORMAT!IH .23HSTM, ORIENTATION MTX. !I3.1H«I3.1H))
906 FORMAT!IH .9X.8HEQP. NO..7X.9HEQP. TYPE)
907 FORMAT!1H .9X.9HC0MP0NENT«7X.9HM0LE. WT.♦6X.9HHEAT CAP

1..4X.1IHLATENT HEAT)
900 format(IH .5X.1OHINLET STM..4X♦11HTEMPERATURE»7X♦8HPRE



TABLE VI (continued)

ISSURE)
gio FORMAT( OPTlONAL INTERNAL OUTPU

IT ***************^

911 FORMAT(IH *30X)

912 FORMAT!1 HO♦14HENERGY BAL« 0N«I3«8H EQPS« =/10E12»5)
913 FORMATdH t60H** (NEGATIVE VALUES OF RECYCLE PARAMETE

IRS RESULTED FROM THE/IH «60H CONVERGENCE METHODS# TWO
2SETS OF RESULTS ARE PRESENTED. THE/IH «60H LAST SET IS
3 THE RESULT OF SETTING ALL NEGATIVE VALUES=ZERO))

230 FORMATdH .5HPHI d3«3H 8Yd3«lHn
259 FORMAT(1 HI.29HACTUAL COMPUTATIONAL TIME WASFII.6«23H S

lECONDS TO COMPLETION.)
260 FORMAT(IHl,52HT0TAL COMPUTING TIME TO COMPLETE ANALYSI

IS Thru PHASEI2.4H WASFI1,6»9H SECONDS.)
261 FORMATdHI»30HTIME LEFT TO RUN FROM START IS.FI2.5.9H

I SECONDS.)
** (READ INPUT DATA) **

READ I00«I♦J«KC»KS«INSTM*LRC*LCON»IDTV.NOUT♦N0UT2.NTYP
lE.NORC.MU

IPI=I+I
JKSaJ+KS
KCI=KC+I
KOUTi= JKS- (J-f INSTM )
MUlaMU+I
IF (NOUT) I 40.I 40.139

139 LEFTT=34359T38367-ITIMER(-I)
X=LEFTT
X=X/60.
PRI NT 261♦X

140 IMlal-I
IM2«I-2
MPI»MU+I
KENNYal

JINSTMaJ-flNSTM
READ 108.IDENT
READ I 00.(1ET(K).Kal♦1)
I F (LRC) I 20«I 20d21

121 READ 101«CONCRI
READ lOO.MAXPAS

120 DO 122 L«1«JINSTM
122 READ 101♦(VALUES(L«K)»Kal«KC1)

DO 128 K=1»KC
128 READ 107.(NAME(K«K1)«K1=1.4)«COMMW(K).COMHC(K)«COMHV(K

1 )
125 DO 127 Lal.INSTM
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TABLE YI (continued)

J1»J+L

127 READ 102«ST( J1 ) ♦SP(Jn
READ 101♦(ENERGY(K)«K=1«I)
READ 100«((MINOR(K.L)«L=1«KC1)^K^l»NORC)
READ 100« (M!EQ(K:1 «K=1 ♦ I )

♦* (OPTIONAL OUTPUT OF INPUT DATA) **
IF (NOUT) 401*401«400

400 PRINT 902
PRINT 103*fDENT
PRINT 910
PRINT 903*I *J«KC*KS«INSTM«LRC
PRINT 904*JKS*KC1
DO 402 K=1»JKS

402 PRINT 101»(VALUES(K«L)♦L=l«KC1)
405 PRINT 906

DO 406 Ks:l « 1
406 PRINT 104*MIEQ(K)«rET(K)

PRINT 907
DO 407 K=1«KC

407 PRINT 105«(NAME(K«K1)»K1=1«4)«COMMW(K)«COMHC(K)♦COMHV(
IK)
PRINT 908
DO 408 K«l«INSTM
J1=J+K

408 PRINT 116*J1•STIJl).SPIJ1)
PRINT 912»I«(ENER6V(K)«K=1♦1)
PRINT 911

401 NDTRED=0
** (READ INPUT DATA IN SUBROUTINES) **

746 CONTINUE
CALL SELECT(NDTRED«MIEQ«IET«I♦JtKS«JKS»KC«KC1♦VALUES^S

1T*SP»C0MMW«C0MHC*C0MHV«ENERGY♦LCON«NOUT«CFR)
IF (IDTV) 750»750.752

750 DO 751 Kal.lNSTM
KPJ=K+J

DO 751 Lal.KC
751 VALUES(KPJ«L)=VALUES(KPJ«L)/VALUES(KPJ.KCl)
752 NDTRFD«100

IF (NOUT) 201*201.200
200 N123=l

LEFT=34359738367-ITIMER(-1)
X=LEFTT

Y=LEFT
X=(X-Y)/60,
PRINT 260.N123.X



TABLE VI (continued)

201 IF (LRO 2,2»1
1  CONTINUE

NCOUNTaO

NEG = 0

C  ** (ATTEMPT CONVERGENCE ON PRIMARY SEQUENCE) **
C  ** (MINOR(K«L)« 1 IF PARAMETER IS RECYCLE* 0 IF NOT) **
612 CONTINUE

KK = 0

DO 614 K=l.NORC

K1=MIN0R(K«KC1)

RATE=VALUES(K1tKCl )
DO 614 K2=1*KC

VALUFS (K1 «K2)=VALUES(K1 »(<2)/RATE
IF (MIN0R(»<*K2) ) 613*614*613

613 KK=KK+1

PHI(KK*1)=VALUES(K1*K2)»RATE
614 CONTINUE

C  ** (START CONVERGENCE ITERATIVE PROCEDURE) **
DO 710 Lel*MAXPAS

NC0UNT=NC0UNT+1

KK=1

DO 703 K1=1*N0RC

K2=MIN0R(K1*KC1)

VALUFS(K2*KC1 )«0.
DO 702 Kal*KC

IF (MIN0R(!<1 *K) ) 702*702*701
701 VALUES(K2*<)=PHI(KK*1)

KK«Kt<+l

702 VALUES(K2*KC1)=VALUES(K2*KC1)+VALUES(K2*K)
DO 703 K=1*KC

VALUES(K2*K)=VALUES(K2*K)/VALUES(K2*KC1)
703 CONTINUE

CALL SELECT (NDTRED*MIEQ *IET*l*J«KS* JKS*KC *K:C1 * VALUES t S
1T * SP * COMMW * COMHC * COMHV * ENERGY * LCON « NOUT * CFR)
DO 705 KL=t*MU

705 PHI(KL*2)=PHI(KL*1)
KKxl

DO 707 K=1*N0RC

K1=MIN0R(K*KC1)

DO 707 K2=1*KC

IF (MIN0R(<*K2)) 707*707*706

706 PHI(KK*1)=VALUES(K1*K2)*VALUES(K1*KC1)
KK=KK+1

707 CONTINUE

IF (N0UT2) 209*209*208
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TABLE YI (con-timed)

208 LPONCx?
PRINT 230«MU«LPONE

DO 229 KTXN=1.MU

229 PRINT 101♦(PHI(KTXNfKXT)»KXT=1«LPONE)
PRINT 228

C  ♦* (CHECK LAST SET OF PHI RECYCLE VALUES AGAINST
c  convergence criterion#) **

209 DO 709 K«1*MU
X= (PHI (K«2)-PHI (K#l n/PHI (K« n
IF (N0UT2) 213*213»212

212 PRINT 101*X
213 IF (ABS(X>-CONCRn 709«709«710
709 CONTINUE

KENNVaO
GO TO 2

710 CONTINUE
IF (KENNY) 756*756*757

757 PRINT 119.NCOUNT
GO TO 500

756 NCOUNT=0
720 KK=1

NEG1=NEG+1

GO TO (804*805)*NEG1
805 PRINT 913
804 DO 811 L=1*N0RC

LK=MIN0R(L*KC1)
VALUES (LK*!<C1 )=0#
DO 810 NK=1*KC
IF (MlNOR(L»NK)) 810*810*812

812 GO TO (807*806)♦NEGl
806 IF (PHI(KK*1)) 808*807*807
807 VALUES(LK*NK)=PHI(KK*1)

GO TO 809
808 VALUES(LK*NK)=0.
809 KKsKK+1

VALUES(LK*KC1)=VALUES(LK*KC1)+VALUES(LK♦NK)
810 CONTINUE

DO 811 Kal♦KC
VALUES(LK*K)=VALUES(LK*K)/VALUES(LK*KC1)

811 CONTINUE
C  *♦ (FINAL CALCULATIONS OF ALL COMPOSITIONS* FLOW RATES*
C  STREAM TEMPERATURES AND PRESSURES* AND EQUIPMENT HEAT
C  BALANCES) **

2 LCON=lOO
IF (NOUT) 206*206*205
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TABLE VI (continued)

265 Ml 23=3
PRINT 11S«NC0UNT

LEFT=34359738367-1TIMER(-1 )

X=LEFTT

Y=LEFT

X=(X-YI/60,

PRINT 260«N123»X

206 CALL SELECT{NDTRED*MIEQ«lET*I♦J«KS»JKS*KC»KC1♦VALUES#S
1T♦SP♦COMMW♦COMHC♦COMHV tENERGY♦LCON♦NOUT♦CFR)

DO 814 L=1♦JKS
SE(L)=0.
DO 814 K=1*KC

814 SE(L)=SE(L)+(VALUES(L#K)*VALUES(L#KC11*C0MHC(K)*ST(L)1
** (FINAL OUTPUT OF SYSTEM ANALYSIS! *♦

IF (NTYPE) 801#801#802
802 PUNCH 108#IDENT

DO 819 L=1♦JKS
PUNCH 110#L#VALUES(L4KC1)4ST(L!
PUNCH 1 11 fSPIDtSEtL)
DO 821 K=1fKC

821 CFR(K)=VALUES(LfK)*VALUES(L#KCl)
PUNCH 112
DO 819 K=1#<0

819 PUNCH 113#(NAME(K#KK)♦KKsl#4)^VALUES(L#K!♦CFRIK!
DO 820 L=1♦1

820 PUNCH 114#L4ENERGY(L)
PUNCH 109
DO 825 L«1tKC
x=o,
Y = 0.
DO 823 K«1#INSTM
JPK*J+K

823 X»X+(VALUES(JPK,L!*VALUES(JPK#KC1)!
DO 824 Ks:l#KOUT
jPK=J+K+iNSTM

824 Y=Y+(VALUES(JPK#L!*VALUES(JPK#KC1)!
PCE(L)«{(Y-X)/X!»100,

825 PUNCH 117#(NAME(L#K1)#<1=1#4)♦XiY#PCE(L)
z=o,
zz=o.
DO 829 K=ltlNSTM
jpk=j+k:

829 Z=Z+VALUES(JPK#KC1)
DO 830 K=ltKOUT
JPK=J+K+INSTM
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TABLE VI (continued)

830 ZZ=:ZZ+VALUES(JPK»KC1 )

DELTAS((ZZ-Z)/Z)*100,

PUNCH 131»Z.ZZ»DELTA

801 PRINT 103»1DENT

DO 815 L=1«JKS

PRINT 110«L.VALUES(L«KC11«ST(L1

PRINT 111 .SP(L) «SE:(L)

DO 822 K=1»KC

822 CFR(K)=VALUES<L»K)*VALUES(L*KC1)

PRINT 112

DO 815 K=1.KC

815 PRINT 113»(NAME(K,KK)«KK»1♦A)♦VALUES(L«Kl«CFR(Kl
DO 816 L=1* I

816 PRINT 114tLfENERGY(L)
PRINT lOq
DO 828 L=1«KC
X=0.
Y=0«
DO 826 K=1«INSTM

JPKsJ+K

826 X=X+{VALUES(JPK*L)*VALUES(JPK«KC1))
DO 827 K=1»KOUT
JPK=J+K+INSTM

827 Y=Y+(VALUES(JPK.DEVALUES(JPK«KC1))
PCE(L)=((Y-X)/X)*100,

828 PRINT 117»(NAME(L«K1)«K1=1,4).X,Y,PCE(L)
Z=0.
ZZ = 0.
DO 831 K=1•INSTM

JPK=J+K
831 Z=Z+VALUES(JPK«KC11

DO 832 Kal.KOUT
JPK=J+K+INSTM

832 ZZ=ZZ+VALUES(JPK,KC1)
deltas f(ZZ-Z)/Z)*100,
PRINT 131.Z.ZZ*DELTA

818 IF (NEGl-1 ) 50l»E0l»817
817 NEGsO

GO TO 720
501 CONTINUE

IF (NOUT) 500.500«202
202 LTIMEs34355738367-ITIMER(-1)

LEFTsLEFTT-LTIME

XslEFT
YsX/60«
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TABLE VI (continued)

PR t Kit 259 ♦V
500 CONTINUE

RETURN

END



CHAPTER IV

THE SEQUENCE SEARCHING IfiETHGD PGR MINIMIZING THE NUMBER

GP RECYCLE PARAMETERS INVGLVED IN THE PRGCESS, PHASE II

GP MAEBE

Phase II deals with the problem of reducing the num

ber of recycle parameters involved in a process by alterr

ing the sequence in which the equipment nodes are calcu

lated, The method used to accomplish this optimization is

an empirical one which was presented by Rubin (9)* 5Ihe

process depicted in Pigure 1, page 16, is used as an

example in the presentation of this method, A matrix, NDM,

of net unknown values is calculated for each sequence of

equipment under consideration. The elements of this matrix

are calculated from the following relationships:

NDM, = NPt , if stream "m" flows into
»n 1+1,m equipment "k" from equip- (l)

ment "n",

NDM. =-NPt- ^ if stream "m" flows intoj£,n 1+1,m equipment "n" from equip- (2)
ment "k",

NDM, ^ = NPt t . - NPt. -, ^ if stream "m"ic,n I+1,D 1+1,m into equiTv
ment "n" from equipment'k" / .3n
and stream "0" flows from
equipment "n" to "k".

These equations allow for a maximum of two streams flowing

56
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between any two pieces of equipment. In addition to the

NDM matrix, a variable, sigma, is calculated for each

equipment sequence as the sum of all of the RDM elements

above the diagonal. It is an indication of the merit of

the particular equipment order which produced the RDM

matrix, and by comparing two sigmas, the sequence having

the lesser number of recycle parameters may be selected.

Another matrix is computed from the RDM matrix,

and is composed of "weighted" elements of RDM. The formula

for computing the values in this matrix is as follows:

The values of these matrices and sigma are presented in

Table VII for the process shown inEigure 1, pg. 16, along

with versions of RDM and RGM computed from the equipment

sequences examined in Phase II until an optimum sequence

is determined.

When determining the best sequence for calculating

the equipment in the process, all streams entering or

leaving the process are ignored. A basic requirement for

efficient convergence of the recycle calculations is that

the recycle stream must enter the first equipment node to

be calculated. This requirement means that the top row of

the RDM matrix can have one or more positive elements.
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TABLE VII

SIGMA, EDM AED NGM MATRICES VALUES EOR THE
PROCESS IE PIGURE 1

Equipment
sequence

EDM matrix

values

NGM matrix

values

Sigma

1 0 -4 0 3 X -4 -8 -1

2

3

4
0

0

4
-4
0

4
-4

X

X

X

X

-4
X

-4
-4

*

-5

4 -3 -4 4 0 X X X X

4 0 4 -4 -3 X 4 4 1

3 -4 0 4 0 X X 4 8 **

+ 5
2 -4 -4 0 4 X X X 4

1 3 0 -4 0 X X X X

4 0 -3 -4 4 X -3-11-7

1 3 0 -4 0 X X -4 -8 ***

-11
2 4 4 0 -4 X X X -4

3 -4 0 4 0 X X X X

Pinal equipment order: A•, 1, 2, 3

TMs sequence satisfied the non-positive elements
test on the EDM and NGM matrices, so a possihle equipment
order has been found. This sequence is reversed to search
for another, possibly better sequence, (see next page)

This sequence did not satisfy the non-positive ele
ments requirement: the maximum element of the NGM matrix
was the NGIL . = o element. The second and fourth elements
of the equipAent series are interchanged for the next
sequence to be examined.

The sequence producing a sigma = -11 satisfies the
non—positive elements test and has a smaller value of
sigma than the first sequence's sigma. Therefore, this
sequence is the best one encountered in Phase II.
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Since the recycle stream could easily originate in the

last piece of equipment, the last column of this matrix

can also have positive values. The magnitude of each ele

ment of the KDM matrix represents the net number of inter

nal unknown parameters which need to be specified between

the two equipment nodes represented by the indices of the

KDM element. A negative element indicates that inter

change of the two equipment nodes would not reduce the

number of recycle parameters of the process; zero means

no net benefit would result from the interchange of the

two pieces of equipment, and a positive value has the mag

nitude of the number of recycle parameters which would be

known if the represented equipment nodes were interchanged.

When a possible sequence produces an EDM matrix having

only non-positive elements above the diagonal, excluding

the first row and last coliimn, and the KGM matrix of that

particular sequence has all npn-positive elements above

the diagonal, the sequence satisfies the requirements

needed to start the convergence computations. These con

ditions are called the non-positive elements test.

Although the elements of EDM are calculated from

the NP configuration matrix, the elements of EDM change

v/ith alterations in the equipment sequence vector, thus

changing the EGM matrix values also due to its dependence

on EDM. When the order of equipment is changed from the
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consecutive seq.uence of 1 to I, the formula for arranging

the elements is altered. If the "n" and "m" elements of

the equipment vector are interchanged, the effect that

this transformation lias on the EDM matrix is that first

the elements of the "n" and "m" rows of EDM are inter

changed, and then the interchange of the "n" and "m" col

umns' elements is performed. The change in equipment order

which would produce this alteration would he from a seq

uence of NEQ^^, EEQ2 j . • • jEEQ^, ■^®'^2i+l' ^^^m+1'

EEQj to a new order of EEQ^, EEQ2, ..., NEQj^» ^*^n+l*

..., EEQ^, • • • > EEQj •
Using the non-positive elements test, the method

presented in Table VIII is followed until the best sequence

available to the execution of Phase II is determined. The

criterion which determines which of two possible sequences

is better (but not necessarily the final solution) is a

minimum value of sigma, the sum of all EDM elements above

the diagonal. The result of Phase II computations for the

first recycle process is shown in Pigure S®

Although the method in Phase II of MAEBE is empiri

cal, the resulting sequence v/ill be as good or better than

the original one used as EEQ input data. The final sequence

will not necessarily be the true optimum in a theoretical

sense as is demonstrated by the process presented in



61

TABLE VIII

PHASE II OPTIMIZATION STEPS

1. Calculate the NDM matrix for the sequence of equip
ment j 10 = 1 (or transform the rows and columns of
the NDM matrix),

2. Calculate the value of sigma for the sequence used
in step 1.

3. If IC = 1, go to step 4; if IC = 2, compare the two
sigma values and assign the sequence that produced
the nri TTi rrnnn sigma to the IC = 1 equipment order•

4. Calculate the NGM matrix for the IC = 1 sequence.

5. Chech the upper inner triangle values of the NDM
matrix for positive values. If none exist, go to
step 6; hut if one or more element is positive, go
to step 7.

6. Check the upper triangle elements of the NGM matrix
for (-4) values. If none exist, the sequence is a pos
sible solutionj and if this is the first such
sequence encountered, the sequence is inverted; -et
10 = Ir and return to step 1. If the second sequence,
go to step 10. Otherwise continue.to step 7»

7. The number of different sequences examined at this
point of computation is checked to insure that it
does not exceed "11", the maximum sets of varia
tions possible; if this number is not exceeded, the
program transfers to step 8. If the maximum number
is reached, the program enters Phase III calcula
tions with the best equipment sequence encountered
to date.

8. Examine the NGM matrix for the maximum element in
the following' way; scan the matrix row by row from
the bottom row, starting with the element next to
the diagonal for each row. Omit the element which
produced the last transformation (if the sequence
has been transformed prior to this scanning;, and
if more than one element has the maximum value, "use
the last one encountered as the next transfoimiation.
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TABLE VIII (con-tinued)

9, The maximum element of the NGM matrix is NGM .
Interchange the "n" and "m" nodes of the NEQ, -j-
vector. IC = 2, go to step 1. *

10. Compare the sigmas of the two possible sequences to
determine the better of the two, i. e., the one
having the minimum sigma. If the two sigmas are
equal, the first valid sequence encountered ip used.
Go to Phase III for the trial and error computation.
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Eqp.

#4 a

5,

E,p.

#2.
sep. mixer

.
mixer rctr.

I I

Exiting
Stream

^9

Entering
Stream

#rj

Entering
Stream

^6

Entering
Stream

^8

(This configuration has only 1 recycle stream, \Yith only
4 unknowns.)

Figure 3, Optimized Seq.uence of the First Recycle Process.



64

Appendix E. Two different sequences were read into SEEK/

HUNT for this process and no improvement was obtained, but

one of these equipment sequences had one less recycle

stream and three fewer parameters to be determined by

trial and error. Use of these programs does not free the

user from the necessity of following his common sense

regarding the possible reduction of the number of unknown

parameters.

The logic flow diagram of the SEEK/HUNT program

system and Phases I and II of MAEBE is presented in com

bined form in Figure 4,
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Start MAEBE

♦
Read data

After Phase III

fnb
Call HUNT

STOP

Print error

Reoyole ?

izZL

start SEEK

Read data

Gale. NDM Calo, II

no

10=1 j_ yes

no yes

Calo,
•<—

NGM

I

Calo. NSIG

IC=2
—»

IC NSIG2 <
NSIG-

IC=1

Select max,

—r

NTR=NTR+1

NEQ^=NEQ2
time

false

^0
yes

no

Transform n & m

eq.p, nodes
NTR=NTR+1 IC=2

false

NTR^Il

Eirst
sequence?

no
true

yes

Invert NEQ-

Set MIEQ &'
NSIGIIA

n=m=0

NSIG^< NSIGMA tru^ MIEQ:= the
best sequence

false

Output
option? yes

Print

no

Print
yes

Output
option?

I' no

ivlAEBE Phase

JH.

Return to SEEK and

STOP

Figure 4. The Logic Diagram of SEEK/HUNT and Phases I and
II of the lilAEBE Program.



CHAPTER V

PHASE III, THE CONVERGENCE METHOD

When considering a general process having recycle

streams, the problem of performing trial and error calcu

lations becomes tenfold more difficult than that encoun

tered for a specific process. The method must work for

practically any number of unknown parameters, and for more

than one recycle stream. With these requirements in mind,

several methods were examined, and two were programmed in

to MAEBE. A convergence method presented by Rubin (9)»

based on a multi-dimensional false position calculation,

could not be made to function reliably. It frequently pro

duced computer overflows and underflows causing error

termination of the execution, and reasonable adjustments

of the convergence parameters did not remedy the diffi

culties.

The method that was finally incorporated into MAEBE

as the Phase 111 portion is a simple direct-iteration

operation on the recycle parameters; successive calculated

values are used as new trial values of these parameters

until the changes between successive trials are smaller

than the specified convergence limit. In the MAEBE program

the NP matrix is examined to determine the recycle stream

designations for the equipment sequence, MIEQ (ithroughl),
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determined by Phase 11; then the components which appear

in each recycle stream are indicated by the values of the

VALUES matrix, The total input flow rate for the entire

process is selected as the flow rate of each recycle

stream, and the components appearing in the stream are

arbitrarily specified as having ecLual fractions of the

total flow rate of the particular recycle stream. These

component flow rates are also defined as the "filU" unknowns

of the trial and error computations. These guessed values

are assigned to the PHI ( 1 through MU, l) vector elements.

These PHI values are then placed into the recycle stream

positions of the VALUES matrix in mass fraction form.

Using these values, the equipment subroutines are entered

in the appropriate sequence to evaluate the process. The

new calculated values of the component flow rates of the

recycle streams are found in the VALUES matrix after the

evaluation of the process is completed. These values are

assigned to the PHI (l through M, l) vector locations

after the guessed values are shifted to the PHI (1 through

MU, 2) vector. The condition to be satisfied for conver

gence is the following equation;

CONOHI (5)
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where "k" represents all of the 1 through M3 parameters.

If this equation is not satisfied for all of the param

eters , the PHI (1 through MQ, l) values are again placed

in the appropriate locations of the VALUES matrix and the

process is again evaluated. The only limitations on this

repetitive procedure are the time allowed for computation

"by the computer system control and the value of MAXPAS,

the maximum number of iterations to be performed, which is

provided as input data by the user.

EIKD works in exactly the same manner with one excep

tion; the first values of the PHI ( 1 through MU, 1)

vector are part of the VALUES matrix input data provided

by the user.

To assist in conveying the necessary information to

the user of this program, but in order to avoid the use of

unnecessary computer time, two options for internal out

put of data, NOUT and IT0UT2, have been provided. The use

of NOUT prints component and total flow rates for each

stream and any data desired from the equipment subroutines

for each iteration of the Phase III computations. The data

read into the main program are also printed out with this

option. The utilization of N0UT2 will print out only the

calculated and guessed values of the PHI matrix for each

iteration and the relative change effected by that itera

tion for each parameter, until one is encountered which
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does not satisfy the CONCRI value.

Although it is usually preferable for energy bal

ance variables to be evaluated for each iteration, the

user of either PIED or MAEBE may elect to not do so. In

this event the energy values of the recycle streams will

not be determined prior to the final evaluation of the

process. If a material balance of the process is the only-

result desired by the programmer, considerable time may

be saved by omitting the energy balance computations,

depending on the nature of the equipment subroutines which

the programmer provides.

After the convergence criterion is satisfied, the

process is evaluated once more for two reasons; this will

provide further improvement in the convergence of recycle

calculations, and it is convenient to evaluate processes

not containing recycle streams in this section of the pro

gram for both energy and material balance parameters.

Figure 5 presents the logic flow diagram of the remaining

portion of MAEBE and the entire PIED program.

During this final calculation a balance of the mass

of each component entering and leaving the process is made

and the percent difference is computed. Another balance is

made for the entire process and the percent deviation in

entering and leaving mass is a measure of the total error

(from round-off, incomplete convergence, etc.) in the
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MAEBE, Phase II

\f

Determine

NORC & MU

Calc.
ICCNOR

E

Start PIHD

Select 1st,
guesses

Jl _I

Read data

Set PHI^= the 1st.
guesses

Start converg
ence loop with
PHI, set into

VALUES

Call SELECT for

evaluations

PHI2 == PHI^

\

PHI, = VALUES

for recycle
streams

|PHI,-PHI„,.
"^KCJONCRI

PHI-

no

NCOUNKMAXPAS

yes

I
yes

no
Print error

Prom MAEBE,
no-recycle
processes

Call SE]

final ei

[ECT for

/•aluation

Calc, SE stream
variables

no

Output option?

yes

Punch final

data

cards

*

Print final

output data

STOP

Figure 5, Logic Diagran of FIHD and Remainder of MAEBE
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evaluation of the process. All of these process balance

values are presented in the final output of the program,

along with the tabulated stream parameters equipment

energy balances.



CHAPTER VI

THE SUBROUTINES NEEDED BY PROGRAl^I SYSTEMS

Of the three program systems, only the SEEK/HUNT

system requires no additional subroutines. HUNT is the

only subroutine called by SEEK, and the discussion of its

charaoteristios can be found in Chapter IV.

The use of both MAEBE and FIND require two sub

programs which are presently available on sub-library tape

in The University of Tennessee Computer Center. These sub

routines require two control cards to make them available

to the program system. Although these cards and subprograms

may be altered or removed from the sub-library tape in the

future, the action of these subroutines can be reproduced

with little difficulty, or references to them may be

deleted from the program systems. The first of these sub

programs is the underflow over-rider. This subroutine,

PPT, essentially reduces all values ranging between -1(5"^^
and +icr^® to a value of zero. The range of the 7040 IBM

computer gives an underflow value to all computations

resulting in a number falling within this range, and when

ten of the underflows occur, the program is d\imped if the

PPT subroutine is not in effect.

The other sub-library routine is the ITItlER program

which gives the computational time required to complete
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various portions of the program and the entire computation,

The control card which calls these subroutines has the

following form; starting in card column 1, $SBLIB; skip

column 7; punch the name of the subroutine startiijg in

column 8} and punch GENERAL USE in the card starting in

colxamn 40.

The remaining subroutines used by MAEBE and EINB

are concerned with eq^uipment operation. When reading data

into the equipment subroutines or when calculating the

operational effects of a piece of equipment on the process,

both ma-r-r-r and FIND first enter the SELECT subroutine. The

purpose of this subroutine is to control the "selection"

of the appropriate equipment subroutine at the correct

time. Slight modifications must be made in the SELECT

subroutine for an arrangement other than that used for

testing purposes. The value of NEQPSR must be altered for

more or less than four equipment subroutines; the call

statements must be changed if these subroutines are not

named as they were in the test program systems; and the

number of call statements must be changed if the number of

equipment subroutines is increased or decreased. If a sub

routine is referred to anywhere in the program system, the

subroutine must be present in the program deck or a "dump"
4

will result. These modifications are indicated in the

Fortran listing of SELECT, Table IX, The logic diagram of



TABLE IZ 74

FORTRAN LISTING OP THE SELECT SUBROUTINE

SUBROUTINE SELECT(M«MIEQ.1ET,I«J,KS♦JKS♦KCMX,KCMX1♦vAl '
1UES « STMTEM« STMPRS«COMMW « COMHC♦COMHV♦ENERGY«LCON « NOUT « C
2FR)

DIMENSI ON VALUES(JKS^KCMXl )♦STMTEM(JKS)♦STMPRS(JKSI♦€©
1MMW(KCMX)♦COMHC(KCMX)♦COMHV(KCMX)♦ENERGY!I)^MIEQ(II«IE
2T(I)♦CFR(KCMX1)

300 FORMAT!IH ♦36HSTREAM COMP. AND TOTAL FLOW RATES !I3^1
IH^13^IH))

400 F0RMAT!1H ♦9E14«6I
C  ** CHANGE THE VALUE OF NEQPSR TO THE NUMBER OF EQUIPMENT
C  SUBROUTINES PRESENT IN THE PROGRAM SYSTEM# **

NEQPSR=4
NDTRED^M
IF !NOUT) 203^203^200

200 IF !M-100) 600^611^60l
611 M=M+100
600 MM=KS

NN=J+1
GO TO 602

601 MMsJKS
NN=1

602 PRINT 300♦MM♦KCMX1
DO 202 K2=NN^JKS
DO 201 Klal^KCMX

20! CFR!K1)=VALUES!K2^K1)*VALUES!K2♦KCMX1)
CFR!KCMX1)=VALUES!K2^KCMX1)

202 PRINT 400^!CFR!K3)♦KSsl«KCMX1)
203 DO 100 NX-1♦I

IF !M) 96*96*97
96 NRT=NX

KNOW=NRT

IF !NRT-NEQPSR) 98♦98♦100
97 KNOWaMIEQ(NX)

NRT=IET!KN0W)
98 CONTINUE

GO TO ! 1♦2^3^4)♦NRT
1  CALL EQPl!NDTRED^KNOW^I♦J^KS^JKS^KCMX#KCMX1♦VALUESfSTM

1TEM♦STMPRS♦COMMW♦COMHC♦COMHV♦ENERGY♦LCON♦NOUT)
GO TO 99

2 CALL EQP2!NDTRED^KN0W^I♦J^KS#JKS♦KCMX^KCMXl♦VALUES«STM
1TEM♦STMPRS♦COMMW♦COMHC♦COMHV♦ENERGY♦LCON♦NOUT)

GO TO 99

3 CALL EQP3!NDTRED^KNOW♦I♦J^KS♦JKS^KCMXfKCMXt♦VALUEStSTM
1TEM♦STMPRS♦COMMW♦COMHC♦COMHV♦ENERGY♦LCON♦NOUT)

GO TO 99



TABJjE IX (continued)

4 CALL EQP4 (NDTRED.KNOW* 1 ♦ J«KS. JKS»KCMX»KCMX1 »\/ALUES«STM
1TEM * STMPRS « COMMW,COMHC♦COMHV * ENERGY «LCON♦NOUT)

GO TO 99
C  ** THE FOLLOWING CARDS ARE NEEDED IF MORE THAN 4 EQP.
C  SUBROUTINES ARE TO BE USED* »*
C  5 CALL EQPB(MDTRED.KNOW*I,J«KS»JK5«KCMX*KCMX1tVALUES^STM
C  1TEM « STMPRS » COMMW « COMHC♦COMHV « E5E9GY♦LC05 * N6UT)
C  GO TO 99
C  ** REPEAT THE ABOVE CARDS FOR EQP6. ETC. **

99 CONTINUE

100 CONTINUE
IF (NOUT) 207«207,204

204 IF (M) 603.603.604
603 MMsKS

NN=J+1
GO TO 605

604 MM = J(<S
NN=1

605 PRINT 300«MM,K:cMX1
DO 206 K2=NN.JKS
DO 205 K1=1.KCMX

205 CFR(K1)aVALUES(K2.Kl>*VALUES(K2.KCMXl)
CFR((<CMX1 )=VALUES{K2.KCMX1 )

206 PRINT 400.(CFR(K3).K3=l.KCMXn
207 RETURN

END
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this suhroutine is presented in Figure 6.

The subroutines which simulate the operational

effects of the various pieces of equipment have a minimum

number of restrictions placed on them, in accordance with

the principle of generalization of the program system.

The call statement in the SELECT subroutine has an argu

ment list of variables which restricts the order in which

the arguments must appear in each equipment subroutine.

These standard equipment subroutine arguments are defined

and listed in Table X. This is followed by the logic dia

gram of the typical equipment subroutine, Figure 7.

A second restriction on the equipment subroutines

is that a dimension statement must be included for any

subscripted subroutine arguments. Since these variables

are dimensioned in the main program, the varying size of

the dimensions are accounted for by the use of the vari

able type of dimension statement in the SELECT and equip

ment subroutines. Although the variables in the subrou

tine argument list can be named any legal Fortran name,

these variables should be used in accordance with the

meaning listed in Table X.

The last main requirement in the development of

equipment subroutines deals with the input of data. Each

subroutine must be entered in the order of the type desig

nations prior to any computations. The first fixed point
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Enter SELECT
from ivlAEBE or

PIED

Read subroutine data —^

Internal out
put option?

yes

Prii^t ^-ntering
and exiting
stream & coirpo-
nent flow rates

no no

Start DO loop to
read subroutine
input data

Internal out
put option?

yes

Print all flow

rates, total &
component for
all streams

Start DO loop to
enter the equipment
subroutines for the
process evaluation

Call
equipment subroutines

Output option?

iyes
"PTirt same flows

called before, but the
new values

Return to MA.EBE
or PIKD

Figure 6, Logic Plow Diagram of SELECT Subroutine.
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TABLE X

THE SUBROUTINE ARGUIENT LIST

The argument variable list seq.uence:

»^Y>^g j ̂2.'^2 *^3'^4 *^5 *^6*^ *^9 '^10^
where N^ is the "j"th« fixed point variable in the list,
and Xj^ is the "k"th. floating point variable in the list.

Variable in the Corresponding i/Iain Program Variable
Argument List and a Brief Description of Its Use.

NDTRED, The read-in controller.

Np MIEQ , The designation of the equipment
^  to be calculated.

N- I, The number of pieces of equipment in
the process.

N. J, The niimber of internal streams in
^  the process.

Nf- KS, The number of streams entering and
^  leaving the process.

JKS, The total number of streams in the
entire process.

N„ KC, The number of components in the
'  process* streams.

Ng ECl, Equal to KG+1

X, VALUES, The mass fraction and stream
flow rate matrix.

X2 ST, The stream temperature vector.
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TABLE X (continued)

X^ SP, The stream pressure vector.

X. COMMW, The component molecular weight
vector.

Xc COMHC, The component heat capacity
vector,

Xlg COIflHV, The component latent heat vector.

X^ ENERGY, The heat stream feed for each
piece of equipment, a vector.

Nq loon. The heat or energy balance option
control indicator.

NOUT, The internal output option con
trol indicator.

Form of the Variable Dimension Statement Needed in Each
Equipment-simulating Subroutine;

MMEHSIOH X^(Ng,Ng) .XgCNg) .^^(Ng) ,Z^(Hg) ,Zg(Hg) ,Xg(N3),
XyCHg)
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Enter

from SELECT

Place the variahle DliiDElTSIGlT state
ment from Table X here

yes
Read data ?

no

Read subroutine
input data

Option of out
put of input

^es

Print

data

no

Return

to

SELECT

no Internal output
option ?

Start eq.uipment
operational
computations

yes

Print data

Energy variables
computation
option ?

Compute the
energy balance
parameters of
the equipment
node

no

no Internal output
option ?

yes

Print data

Figure 7. Logic Flow Diagram of a Typical Equipment
Subroutine.
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variable in the equipment argximent list initially has a

value of zero for the read-in portion of the subroutine and

a value of 100 for computation. Every subroutine must be

entered at the start of the program execution, even if no

equipment of its type exists in the process, There is no

provision for conveying the process configuration into the

equipment subroutines, so the stream designations entering

the various pieces of equipment and the output streams

must be part of the input data for the subroutines. Any

physical properties data for the components other than the

molecular v/eight, heat capacity, and latent heat must also

be read into the subroutines as needed. The Fortran

listings of the four subroutines used to develop these

programs are presented in Appendix B, Comparison of these

programs and the flow diagram in Figure 7 should give any

information concerning the equipment-simulating subrou

tines not conveyed herein.



CHAPTER VII

THE METHOB FOR UTILIZING THE PROGRAM SYSTEMS TO

EVALUATE A PROCESS

Whether a programmer is using the SEEK/HUNT system

to seek an optimum equipment sequence, or the &1AEBE or

PINB systems to evaluate a process; the basic approach to

the problem is essentially the same. The steps to be taken

by the user are listed in the following sequence:

1, Draw a sketch of the process, depicting all neces

sary streams and equipment nodes.

2, Inspect the process to find a configuration, disre

garding the streams entering and leaving the process,

which appears to require a minimum number of unknowns to

be determined by trial and error if recycle streams exist,

3, Assign number designations to each of the "I" pieces

of equipment, and assign the number which designates the

type of each piece of equipment according to the appro

priate subroutine,

4, Assign number designations to each of the streams

in the process, starting with 1 through "J" for the "J"

internal streams connecting the various pieces of equip

ment; the streams entering the process are numbered "J+1"

through "J+INSTM", and the exiting streams are numbered

82
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"J+INST]j4fl" through "J+KS". This order of numbering the

streams must be followed if any of the systems are to work

correctly,

5. Determine the maximum number of chemical compoimds

and elements present in the entire process, and collect

the physical data needed for these components by the pro

gram system,

6, Examine the process to determine, to the extent

possible, what components do not appear in each of the

internal streams. This determines the number of parameters

which are required to specify the flow rate and compo

sition of the stream, to be listed as the values of the

last row of the NP configuration matrix,
*

7. Specify all the properties of the entering streams;

the component flow rates, total flow rates, temperatures,

and pressures.

8, Compose a configuration matrix of -1, 0, and +1 for

the streams exiting, not connected with, and entering each

piece of equipment; and the "I+l"th, row of stream param

eters determined in step 6,
*

9. Determine, where possible, the heat loads on each

of the "I" pieces of equipment.
*

10, Compose a matrix of mass fractions and total flow

rates for each of the streams in the process; if a compo

nent appears in any unknown stream, the mass fraction value
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should be initially be specified as -1 X 10 and the total

flow rate set at -2 X 10 } if the component does not appear

in the stream, set the mass fraction value equal zero. For

the entering streams, the total flow rate must be given

and the component values may be specified in mass flow

rates if IDIV is 0, or as mass fractions if IDTV is 1 or

greater.

11. Based on the process arrangement selected in step 2,

or on the output of the SEEK/HUNT system, determine the

original sequence of equipment nodes.

*

12. Evaluate all subroutine data required by the user's

own equipment subroutines, and arrange the data in the

ascending order of the equipment type designations: data

for type 1 subroutine is read directly after the main pro

gram data, then type 2 data, etc.

13. Determine the appropriate dimension sizes for the

subscripted variables in the comment cards at the first of

the Fortran listings of the program system being used,

14«. Prepare all data cards and insert all dimension

statement cards into the programs.

15. Prepare all control cards required by the computer

center's method for program executions.

*

**

**»

Steps 7, 9, 10, and 12 are not needed for SEEX/HUNT.

This step is not needed for no-recycle processes.

See Tables I, II, and III for input instructions.



CHAPTER 7III

THE RESULTS OE TEST PROCESSES EVALUATED BY

THE THREE PROGRAM SYSTEMS

The specific results of processes tested by these

program systems are presented in Appendices C, D, and E,

Three basic types of processes were tested, although a

number of variations of these types were also tested. A

process having no recycle streams was used to perfect the

methods of transferring from the main programs to the

equipment subroutines correctly. The basic no-recycle pro

cess is described together with a listing of input and

printout data in Appendix C. Other than the fact that this

type of process can only be evaluated by MAEBE, nothing of

importance can be gained by further description of this

type of process. The EIHD program can also be altered to

evaluate the no-recycle processes by using the LRC data

read into the program, in the same manner that the transfer

is accomplished in MAEBE,

The performance of the convergence method was per

fected by the use of lilAEBE on the process depicted in

Figure 1, pg. i6, and the results of this evaluation are

given in Appendix D. After the successful operation of the

program was insured, a larger recycle process was then

evaluated by the three program systems. The configuration
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for this process was examined intuitively and two equipment

sequences were tried on the SEEK/HUNT system. Neither of

the sequences were improved by this system, illustrating

that the empirical method in phase II does not insure that

an optimum sequence in the theoretical sense will he found.

However, the result of this method will never he worse

than the initial sequence of equipment chosen. The types

of processes tested, the actual computational time required

to evaluate them, the number of recycle parameters, and

the program system which evaluated the processes are pre

sented in a condensed form in Table XI.

Satisfactory operation was demonstrated in per

forming material and energy balances for the hypothetical

processes. The most fruitful direction for future work

with this program is the development of more sophisticated

subroutines to permit calculations to be performed for real

processes.
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TABLE XI

THE CONDENSED RESULTS OP PROCESS EVALUATIONS

Results Process Designations

Variable or

designation
of result

No Recycle First

Recycle
Second Recycle
(sequence)

Initial Improved

I 4 4 9  9

J 3 5 14 14

KS 7 4 4  4

EC 5 4 5  5

Total no. of

Unknowns
15 19 62 62

No. of recycle
streams

0 2 2  1

No. of recycle
parameters

0 7 8  5

SEEK/HUNT seq..
results

* 4,1-3 1-9 2-9,1

Time for MAEBE

computations
2.8 sec. 3.6 sec. 8.4 sec. 4.8 sec.

Time for SEEK/
HUNT computations * 0.36 sec. 2.19 sec. 2.35 sec.

Time for FIND

computations
* 2.85 sec. 7.2 sec. 3.8 sec.

CONCRI * 10-8 10"^ 10"^

Error 10"^ 5«,X 10^^^ 5.x 10~S

Only the MAEBE program is applicable for this type
of process, no-recycle.
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APPENDIX A

LIST OP VARIABLES AND THEIR DEFINITIONS

Part 1. Fixed Point Variables Used In All Main Programs.

I  The total niimber of pieces of equipment in the
process.

10 The control indicator used in Phase II compu
tations to designate the two sequences being
c ompared.

IDENT The alphameric subscripted variable used in an
A6 format field to identify the process, pro
grammer, etc.

IDTV The control indicator for the form of reading
the mass flow values of the input streams; 0 for
using mass flow rates of the components, and 1
for using mass fractions.

lET The equipment type subscripted variable which
controls the transfer into appropriate equipment
subroutines.

Ill The control indicator designating the number of
possible equipment sequences satisfying recycle
restrictions.

IMl I minus 1

IM2 I minus 2

INSTM The total number of streams entering the process.

IPl I plus 1

J  The total niuaber of internal streams connecting
various pieces of equipment in the process.

JKS The total number of streams involved in the

process.

KG The total number of components present in the pro
cess; chemical compounds and elements.

90
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KCl KG plus 1

KENNY The convergence control indicator; 1 v/hen conver
gence is not obtained, and 0 ?/hen it is obtained,

KOUT The number of streams leaving the process,

KS The total number of streams entering and leaving
the process,

ICON The energy balance computation option indicator;
0 for not performing energy balance calculations
during the trial and error calculations of
recycle processes, 1 for exercising the option
to make such calculations during each iteration.

LEFT Time left to execute the program in fixed point
integers of l/60 ths, of a second.

LEPTT Time left to execute the program from the start
of the program in 1/60 ths, of a second,

LRC The recycle process control indicator; 0 for a
no-recycle process, 1 if recycle streams exist
in the process,

LRCMX The Phase II option controller for the MAEBE pro
gram; 1 if Phase II computations are to be per
formed, 2 if not,

M  One of the coordinates of the maximum ROM matrix
element which indicates the elements of the
equipment sequence to be interchanged,

MA2PAS The maximum number of iterations to be tried
before the program's execution is terminated,

ISIEQ The possible sequence of equipment resulting
from the first part of the Phase II computations,
or the final order for calculating the process.
The variable is subscripted for "I" elements.

MINOR The control indicator subscripted variable which
designates the components present in each recycle
stream and the stream's designation number; 0 if
the component is not present, 1 if it is present,
and the integer designation of the recycle stream.
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IVIPl MU plus 1, see ivIU definition "below.

MQ The total nujii"ber of parameters involved in the
mass flow rates of all of the recycle streams.

N123 The integer designation of the phase of MAEBE
just completed by the program execution.

NAME The alphameric component identification variable
in an A6 format field.

NCOUNT The number of iterations completed by Phase III
of the program,

NDM The matrix of variables used by Phase II to
determine the relative desirability of inter
changing any two eq.uipment nodes.

NDTEED The control indicator variable which designates
whether the equipment subroutines are to read
data or calculate operational effects; 0 for
data input, 100 for computing,

NEG One of the indicator variables controlling the
presence of negative component flow rates in the
recycle streams,

NEGl The other negative recycle parameter indicator.

NEQ The subscripted variable of the two equipment
sequences being compared in Phase II.

NGM The subscripted variable indicating the relative
improvement to be accomplished by interchanging
any tv^ro equipment nodes,

NIiaATER The value of "I" I which indicates the maximum
number of different sequences which can be
examined.

NMLEJI The number of complete sets of data to be eval
uated by the program,

NNR The control indicator which specifies whether
the number of different equipment sequences
examined have exceeded the maximiim value, NMATER;
0 if not exceeded, 1 if the number has been
exceeded and a repetition is occurring.
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NORC The total number of recycle streams in the pro
cess as determined by the particular sequence.

NOUT The control option for internal output of the in
put data, the component and total flow rates of
each stream during each iteration, and any sub
routine output desired by the user; 0 for no
internal output, 1 for exercising the output
options.

N0UT2 The output option controlling the printing of all
"MTJ" values of the guessed and calculated recycle
parameters for each iteration and the relative
change effected by the iteration; 0 for no out
put, 1 for output.

NP The subscripted variable list of process config
uration and total number of unknown flow rates
in each internal stream; -1 for exiting streams,
0 for no connection, and +1 for a stream that
enters the equipment node corresponding to the
row index of the matrix (the column index is the
stream designation). The last row has integer
elements giving the number of components that
appear, or may appear, in each of the internal
streams.

NSIG The sum of all of the elements of the Ih)M matrix
positioned above the diagonal; there are two ele
ments of this variable to allow different equip
ment sequences to be compared for a minimum NSIG
value.

NSIGMA. The value of NSIG that results from the equipment
sequence NEQ that is assigned to the IvIIEQ vector.

NTR The number of different sequences examined.

NTYPE The final output option indicator; 1 if the final
data is desired in both punched card form and the
normal computer output listing, 0 if normal out
put alone is needed.

Part 2. The Floating' Point Variables Used In All Systems.

CFR The subscripted variable used in output of com
ponent flow rates.
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COaiHC Tlie subscripted variable list of component heat
capacities.

COMHV The subscripted variable list of the components'
latent heats.

OOIWH The subscripted variable list of component mole
cular weights.

DELTA The variable used to compute the entire process'
error in mass balance.

EHERGY The subscripted variable list of the heat balance
loads on each equipment node,

PCE The subscripted variable used to compute the per
cent change in each components entering and
exiting mass flow rates for the entire process.

PHI The subscripted variable list of the guessed and
calculated values of the "liH" recycle parameters.

SE The subscripted variable list of the energy prop
erties of each stream, calculated from a rela
tive zero value at 0.0 degrees P.

SP The subscripted variable list of the pressures
of each stream.

ST The subscripted variable list of the temperatures
of each stream.

VALUES The subscri.pted variable array of the mass frac
tion of each component and the total flow rate
of each stream in the process.

Part 3. The Variables and Their Definitions as Used in the

Subroutines.

For the SELECT subroutine;

M  The HDTEED variable.

HEQPSR The nximber of equipment subroutines called by the
SELECT subroutine.

NRT The equipment type designation used to select the
correct subroutine.
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For tlie EQPl (mixer) subroutine;

AB The C0MMV7 vector.

AI The total rate of beat addition to tbe equipment
node including energy of inlet streams and heat
added from external sources.

AMOI The subscripted variable list of component flow
rates for each entering stream of each mixer.

AO The total energy leaving the mixer.

BC The COMHC vector.

CD The COMHV vector.

DPM The difference in pressure caused by the mixer.

IN The subscripted variable list of stream desig
nations for the streams entering each mixer.

KCMX The EC variable.

MAXIN The maximum number of streams entering a single
mixer,

NADIAB The control indicator subscripted for each piece
of eq^uipment designating the heat load of the
eq.uipment as either 0 or finite; 0 if the eq.uip-
ment is adiabatic, 1 if there is a net addition
or removal of heat.

NM The subscripted variable list of eq.uipment desig
nations of each mixer.

NMIX The total nximber of mixers in the process.

NSEM The subscripted variable list of stream desig
nations for the streams entering each mixer.

NSLM The subscrinted variable list of the designation
of the stream leaviiig each mixer.

For the EQP2 (separator) subroutine; (except the previously
defined variables)

AMOL The subscripted variable list of the component
flow rates leaving in each stream of the sepa^
rator.

DPSEP The subscripted variable list of pressure drops
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of each exiting stream from the pressure of the
stream entering each separator.

The subscripted variable list of the temperature
drops of each exiting stream from the temperature
of the stream entering each separator.

The subscripted variable list of the fractions
of each component which are diverted to each
exit stream.

The maximum number of exiting streams involved
with a single separator.

The subscripted variable list of the numbers of
streams exiting from each separator.

The subscripted variable list of the designation
number of each separator in the equipment list.

The total number of separators in the process.

The subscripted variable list of the designation
of the stream entering each separator.

The subscripted variable list of the designation
numbers of the streams leaving each separator.

The subscripted variable list of the total flow
rates of the streams leaving a separator.

The subscripted variable list of the component
flow rates entering a separator.

Eor EQP3 (reactor) subroutine; (except the variables pre
viously defined)

ALPHA

AM

BC

The subscripted variable list of component flow
rates entering a reactor.

The subscripted variable list of the stiochio-
metric ratios of components for each reaction.

The subscripted variable list of the component
molar flow rates entering a reactor.

The computational variable equal to the RZNK
variable up to the maximum fraction of reaction
of the minimum reactant available.
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DPR The subscripted variable list of the pressure
drop effected by each reactor,

HPM The subscripted variable list of the heats of
formation of one mole of each component.

INRX The subscripted variable list of the designations
of the streams entering the reactors.

MA.XRZN The maximum number of reactions occuring in a
single reactor.

NOUTR The subscripted variable list of the designations
of the streams leaving reactors.

NR The subscripted variable list of the equipment
designations of the reactors.

RRCT The number of reactors in the process.

RRXK The subscripted variable list of the number of
separate reactions to occur in any single reac
tor simultaneously.

PMC The maximum fraction of any reactant able to
react in each reaction,

RXNZ The subscripted variable list of the number of
times the basic ratios of reactants and products
are to be involved in each reaction.

Por the EQP4 (heat exchanger) subroutine; (except the
variables previously defined)

A  The subscripted variable list of component flow
rates in the shell side stream.

DPH The subscripted variable list of pressure drops
across each side of an exchanger.

INHE The subscripted variable list of the designations
of the streams entering a single exchanger.

NHE The number of heat exchangers present in the
process.

NOUTHE The subscripted variable list of the designations
of the streams leaving a single exchaiiger.
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TA The suhscripted variable list of the component
flow rates in the tube side stream of a single
heat exchanger.



APPEKDIZ B

EQUIPMENT SUBROUTINE FORTRAN LISTINGS

The Fortran listings of the four basic equipment

subroutines are presented in Tables XII through XV. The

mixer subroutine, EQPl, is Table XIIj the separator

subroutine, EQP2, is Table XIII; the reactor subroutine,

EQP3» is Table XIV, and Table XV is the listing of the

heat exchanger subroutine, EQP4,
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TABLE XII

EORTRAN LISTING OP THE EQPl, MIXER SUBROUTINE

SUBROUTINE EQPl(M«N,I♦J«KS.JKS»KCMX»KCMX1♦VALUES«STMTE
1M » STMPRS « AB♦BC « CD♦ENERGY « LCON « NOUT)

C  ** THIS IS A MIXER SIMULATION. **
C  *♦ DIMENSION NM(NMIX)»IN(NMIX).NSLM{NMIX)«NSEM(MAXIN»NMIX
C  1 )«DPM<NMIX).TIKCMX)«A(KCMX.MAXIN)♦S(MAX IN)♦TMOL(KCMX)*
C  2AM0L(KCMX«MAXIN).NADlAB(I).COMMW(KCMX)♦COMHC(KCMX)«COM
C  3HV(KCMX>
C  ** THE NEXT CARD CHANGES WITH DIFFERENT PROCESSES. **

DIMENSION NM(2)♦IN(2).NSLM(2).NSEM(4.2WDRM(2).T(5>.A(
I5«4) .S (4) ♦TM0L(5> ♦ AMOL(l5»4) .NADIAB (9) ♦C0MMW<5I ♦COMHC(S
2).C0MhV(SI

DIMENSION VALUES(JKS « KCMX1)t STMTEM(JKS).STMPRS(JKS)♦AB
1(KCMXI.BC(KCMXI»CO(KCMXI.ENERGY(I\

lOl FORMAt(10E12.4)
200 F0RMAT(I4I3I
201 F0RMAT(7F10.5>
202 FORMAT (5F14.S)
900 FORMAT(IH .36H0PTI0NAL OUTPUT OF INPUT DATA ** EQPll)
901 FORMATdH .25X.8HVALUES ( 12.1H« I2.6H) MTX. I
902 FORMATdH .9E14.7)
903 FORMATdH «6X«9HC0MP0NENT«6X«9HM0LE. WT.«6X♦9HHEAT CAP

1..4X.1IHLATENT HEAT I
904 FORMAT(I12«F19.3«F15.5.F15.4I
905 FORMATdH «15HN0. OF MIXERS = 13.3X.25HMAX. NO. OF InLE

IT STMS. aI3)
906 FORMATdH .9HMIXER N0.I2d2H IS EQP. NO. 121
907 FORMATdH ♦ 7HNAD1 AB« 12 « 2X d 6HN0. INLET STMS.«I3«2X« 16H

lEXIT STM. IS NO.I3.2X.9HDELTA P =F10.5)
908 FORMATdH/.3HTHE12«24H ENTERING STMS. ARE N0S..5I5)
909 FORMATdH .24HCALCULAT1NG FOR EQP. NO.12)
910 FORMATdH «26HFINISHED CALC. ON EQP. NO.12)

IF (M) 1«1.5
1 READ 200.NMIX.MAXIN

IF (NMtX) 50.50.2
2 READ 200.((NM(L).IN(L)«NSLM(L)).Let.NMIX)

DO 3 L»1«NMIX
KK»NM(L)
LL«IN(L)

3 READ 200.NADIAB(KK).(NSEM(LK.L).LK=1.LL)
READ 201.(DPM(L).L=1*NMIX)
DO 4 K«1.KCMX
COMMW(K)aAB(K)
COMHC(K)aBC(K)

4 COMHV(K)«CD(K)
IF (NOUT) 401.401.400



101TABLE XII (continued)

406 PRINT 660*N
PRINT 901♦JKS^KCMVI
DO 402 k:«i«kcmxi

402 PRINT 902*(VALUES<L«K1»L»1•JKSI
PRINT 903
DO 403 K=1«KCMX

403 PRINT 904*K*C0MMW(K)«C0MHC(K),C0MHV(K)
PRINT 905«NMIX»MAXIN
DO 405 K=1*NMIX
LL«IN(K>
KKseNM(K)
PRINT 906*i<»NM(Kl
PRINT 907«NADIAB(KK1♦IN(K)«NSLMfK)♦DRMIKj

405 print 90e.LL.{NSEM(LK*K)«LK=i.LLI
401 CONTINUE

GO TO SO
5 ST=0#

IE (NOUTl 408«408«406
406 PRINT 909«N

PRINT 901♦JKS«KCMX1
DO 407 KaltXCMXl

407 PRINT 902* fVALUES(KlX«K) «K:1X=1 • JKS )
408 CONTINUE

DO 6 L»l^NMIX
IF (NM(L)-N) 6«7«6

6 CONTINUE
7 KK«IN(L)

B=KK
NClaNSLM(L)
DO 8 K=1*KK

LNK=NSEM(K.L)
S(K)=VALUES(LNK:.KCMX! )
DO 8 Nl«xl«KCMX
A(NI♦K)»VALUES(LNK«N1)*S(K1

8 AM0L(N1,K)=A(N1♦K)/COMMW{Nl)
DO 9 K=1«KK
DO 9 KKX=1*KCMX

STaST+AIKKK.K)
9 CONTINUE

DO 10 N2al«KCMX
10 T(N2)«0«

DO 12 IXX=1«KCMX
DO 11 K=1*KX

M T(IXX>»T(IXX)+A(IXX^Xl
12 VALUESCNCl•IXX)=T(rXX)/ST
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TABLE XII (continued)

IF (LCON-1) 20.20«13

13 IF (NAOlAB(KI)l 14.14«15
14 AI»0»

GO TO 16

15 AI«ENERGY(N)

16 A0=0.

DO 18 N4«1»KCMX

DO 17 K=1*KK

LNK=NSEM(K,L1

17 AI«Al+(A(N4*K)»COMHC(N41*STMTEMtLNKi)
18 ao=ao+(t(N4)*comhcin4n

TOUt«AI/AO '

AVPRaO*

DO 19 <=1

LNKssNSEMlKfL)
19 AVPR=AVPR+STMPRS(LNK1

AVPR=AVPR/B

STMPRS(NCn=AVPR+DPM(L1

STMTEMINCl)«TOUT

20 VALUES(NCItKCMXl)=ST

IF (NOUT) 411*411*409

409 PRINT 910.N

PRINT 901.JKS.KCMXl

DO 410 K=1«KCMX1

410 PRINT 902*(VALUES(KXZ.Kl.XXZ®1.JKSl
411 CONTINUE

50 CONTINUE

RETURN

END
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TABLE XIII

FORTRAN LISTING OF THE EQP2, SEPARATOR SUBROUTINE

SUBROUTINE EQP2(M,N« I « J«KS» JKS«K(iliMX*KCMkl ♦VALUES ♦
1M♦STMPRS « AB♦BC i CD♦ENERGY«LCON♦NOUT)

C  ** THIS IS A SEPARATOR SIMULATION. »*
C  ** DIMENSION NS(NSEP)*NMAX(NSEP).NSES(NSEP)»NSLS(MAXOUT.N
C  1SEP)«DPSEP(MAX0UT.NSEP).DTSEP(MAXOUT.NSEP)»FRACT(NSEP.
C  2MAX0UT.KCMX).NADIABIi)♦A(KCMX«MAXOUT).T(KCMX).AMOL(KCM
C  3X.MAXOUT)«TMOL(KCMX)» S(MAXOUT).COMMW(KCMX).COMHC(KCMX)
C  4.C0MHV(KCMX)
C  ♦* THE NEXT CARD CHANGES WITH DIFFERENT PROCESSES. **

DIMENSION NS(4) .NMAXIA) .NSESfA) ♦NSLSI.S.A) »DPSEP(3.4I«D
1TSEP(3«4).FRACT4.3#5).NADIABIR)»A(5.3WT(5).AMOLIB.S).
2TMOL(5)« S13).COMMW(5)# COMHC(5).COMHV15)

DIMENSION VALUES(JKS.KCMX1 ).STMTEM(JKS)♦STMPRS(JKS)« AB
1 (KCMX) .BCCKCMX) ♦ CD (KCMX .ENERGY ( I j

101 FORMAT(10E12.4)
200 FORMAT(1415 I
201 FORMAT(7F10.5)
202 FORMAT (5F14.5)
900 FORMATdH .36H0PTI0NAL OUTPUT OF INPUT DATA ** EQPIl)
901 FORMATdH . 25X. BHVALUES (I2dH.l2»6H) MTX. )
902 FORMATdH .9E14.7)
903 FORMATdH . 6X»9HC0MP0NENT. 6X. 9HM0LE. WT. »6X « 9HHEAT CAP

1..4X.1IHLATENT HEAT)
904 FORMATTI12.F19.3.F15.5.F15.4)
905 FORMATdH .19HN0. OF SEPARATORS = 1 3. 3X«24HMAX. NO. OF

lEXIT STMS. =13)
906 FORMATdH ♦ 13HSEPARAT0R N0.I2d2H IS EQP. NO.12)
907 FORMATdH « 7HNADI AB« I 2»2X. 1 8HN0 . OF EXIT STMS . = 13 ♦ 2X. 1

17HINLET STM. IS NO.12)
908 FORMATdH .9HDELTA P =F10.5.2X.9HDELTA T =F10.5)
909 FORMATdH . 24HCALCULATING FOR EOP. NO. 12)
910 FORMATdH »26HE TNI SHED CALC. ON EQP. NO. 12)
912 FORMATdH .lAHFRACT SPLITS «.5E14.6)

IF (M) 1.1.6
1 READ 200.NSEP.MAX0UT

IF (NSEP) 50.50.2
2 READ 200.((NS(K).NMAX(K).NSES(K)).K=l.NSEP)

DO 3 L=1.NSEP
LNK=NS(L)
LN=NMAX(L)
READ 200.NADTAB(LNK)
READ 200.(NSLS(K1«L).K1=1.LN)

3 READ 201.(DPSEP(K.L).DTSEP(K.L).(FRACT(L.K.MN).MN«1.KC
IMX).K=l.LN)

DO 5 L=1.KCMX



TABLE XIII (continued)

COMMW(L)aAB(L)
COMHC{L)aBC(L)

5 COMHV(L)«CD(L)

IF (NOUT) 401*401»400

400 PRINT 900«N

PR 1 NT 901♦JKS « KCMX1
DO 402 k«i*k:cmxi

402 PRINT 902*(VALUES(L«K)«L=i*JKS)
PRINT 903
DO 403 Kal*KCMX

403 PRINT 04*K*C0MMW(K)*C0MHC(K)*C0MHV(K)
PRINT 905*NSEP*MAXOUT
DO 413 K=1*NSEP
LL«NMAX(K)
KK=NS(K)
PRINT 906*K*NS(K)
PRINT 907*NAD1AB(KK)*NMAX(K)*NSES(K)
DO 405 L=1 tLL

405 PRINT 908*DPSEP(L*K)*DTSEP(L*K)
LN1«NMAX(K)
DO 412 L=1*Ln1
PRINT 200*K*L

412 PRINT 912*(FRACTUK*L*LKX)*LKX=1*KCMX)
413 CONTINUE
401 CONTINUE

GO TO 50

6 CONTINUE
IF (NOUT) 408*408*406

406 PRINT 909*N
PR1NT 901 * JKS * KCMX1
DO 407 K=1*KCMX1

407 PRINT 902*(VALUES(K1X*K),K1X=1«JKS)
408 CONTINUE

DO 7 L=1*NSEP
IF <NS(L)^N) 7*8*7

7 CONTINUE

8 KST»NSES(L)
ST«VALUES(KST*KCMX1)
DO 9 K=1*KCMX

9 T(K)«VALUES(KST*K)*ST
KKsNMAXfL)
DO 10 Kal*KK

10 S(K)aO.
DO 11 K»1*!<K
DO 11 MO=l*KCMX
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TABLE XIII (continued)

A(MO«K )*T(MO)*FRACT{L »t<«MO )
11 S(K)aS(K)+A<MO»K)

IF (LCON-U 20«20*12
12 IF (NAOIAB(NI) 14*lA»13

13 AI«ENERGY(N1

GO TO 15

14 A1=0#

15 A0=0«

16 00 18 MOal«KCMX

DO 17 K=1♦KK
1 7 AOsAO+A{MO«K)»COMHC(MO)*(DTSFP(KtL1+STMTEM(KST))
18 AIaAl+T<MO)*COMHC(MO)*STMTEM(KST1

ENERGY(N)sAO-AI+ENERGY(N)
DO 19 Kael«KK
LNK«»NSLS(K,L)
STMTEM(LNK)=STMTEM(KST1+DTSEP(K«L)

19 STMPRS(LNK)«STMPRS(KST)+DPSEP(K♦L)
20 DO 21 K=1»KK

LNK*NSLS(K.L)
VALUESCLNK,KCMXI)=S(K1
DO 21 M0«1,KCMX

21 VALUES{LNK,MO)t±A(MO,K)/S(K)
IF (NOUT) 411,411,409

409 PRINT 910«N
PRINT 901,JKS,KCMXI
DO 410 Kstl ,KCMXI

410 PRINT 902»(VALUES{KXZ,K>,KX2=1,JKS)
411 CONTINUE

50 CONTINUE
RETURN
END
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TABLE ZIV

FORTRAN LISTING OF THE EQP3, REACTOR SUBROUTINE

EQP3(MfH^757^f^KsTKCMx7^CMxTa/A^isTsTMTp
1M♦STMPRS♦AB♦CO♦DE « ENERGY « LCON«NOUT)

C  *♦ THIS IS A REACTOR SIMULATION, **
C  ♦* DIMENSION NR(NRCT) , INRX(NRCT) fNOUTRCNRCT I ♦RXNW<(NRCT« MA
C  1XRXN),NRXN(NRCT)♦ALPHA(NRCT,MAXRXN,KCMX).DPR(NRCT)♦NAD
C  2IAB(t).AIKCMX)«AM(KCMX)«T(KCMX)♦TM(KCMX),8C(NRCT.MAXRX
C  3N)«HFM(KCMX),PMC(MAXRXN).COMMW(KCMX)♦COMHC(KCMX),COMHV
C  4(KCMX)
C  ** THE FOLLOWING CARD CHANGES WITH DIFFERENT PROCESSES.

DIMENSION NR(1)»INRX(1).NOUTRd),NRXN(1).RXNK(1.2).ALP
IHA(1.2t5)«DPR(1 )«NADIAB(9)#A(5)«AM(5)«T(5)«TM(5) .BCd♦
22)«HFM{5)♦COMMW(B)♦COMHC(B).COMMVIB)♦PMC(2)

DIMENSION VALUES(JKS.KCMX1)«STMTEM(JKS).STMPRS(UKS)»AB
1(KCMX)«CD(KCMX)»DE(KCMX),ENERGY(I)

100 format(14 IB)
101 FORMAT(7F10.3)
102 FORMAT(4E13.6)
900 FORMATdH .36HOPTIONAL OUTPUT OF INPUT DATA ** EQPll)
901 FORMATdH ♦ 25X ♦ BHVALUES ( 12 ♦ 1 H ♦ I 2 ♦ 6H ) MTX. )
902 FORMATdH ,9E14.7)
903 FORMATdH »6X.9HCOMPONENT.6X.9HMOLE« WT. ♦ 6X«9HHEAT CAP

1.fAX*1IHLATENT HEAT)
904 FORMAT!I12.F19.3.F15.5.F15.4)

905 FORMATdH t 17HN0. OF REACTORS » 13. 2X♦ 19HMAX. NO. OF RX
INS. =13)

906 FORMATdH . 11HREACTOR N0.I2.13H IS EQP. NO. 13)
907 FORMATdH « 7HNADI AB= I 2 » 2X « 1 4HN0 . OF RXNS. =I2«2Xd7HIN

ILET STM. NO. lSl3.2Xd6HEXlT STM. NO. 1 S13.2X♦ 9HDELTA
2P =F10.5)

908 FORMATdH ♦9HRXNK(1 TO f 12 « 2H ) =5E14 .6 )
909 FORMATdH .24HCALCULATING FOR EQP. NO. 12)
910 FORMATdH .26HFINISHED CALC. ON EQP. NO. 12)

911 FORMATdH « 1 1 HHEAT/M0LE.=E1 4 .6» 2X« 7HALPHA =»5F10.4)
IF (M) Id.5

1 READ 100.NRCT.MAXRXN
IF (NRCT) 50.50.2

2 DO 30 K=1.NRCT
30 READ IOO.NR(K).INRX(K).NOUTR(K).NRXN(K)

READ 101♦(DPR(K).K=1.NRCT)
DO 3 K=1.NRCT
LK=NR(K)
READ lOO.NADIAB(LK)
LK=NRXN(K)
DO 3 L=1.LK
READ 101»RXNK(K.L)
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TABLE ZIV (continued)

3 READ 101«(ALPHA(K«L*KL)♦KL=1«KCMX>
READ 102*(HFM(K).K=1«KCMX)
READ 101♦(PMC<K).K=lfMAXRXN)
DO 4 K=1tKCMX
COMMW(K)=A8<K)
COMHC(K)=CD(K)

4 COMHV((OeDE(K)
IF (NOUT) 401»401«400

400 PRINT 900
PRINT 901.JKStKCMXl
DO 402 Kal.KCMXl

402 PRINT 02*(VALUES(L«K)«L=1♦JKSl
PRINT 903
DO 403 Kel*KCMX

403 PRINT 904*K*COMMW(K)*COMHC(K)*COMHV(K)
PRINT 905*NRCT*MAXRXN
DO 405 K=1»NRCT

KKaNR(K>
LL=NRXN(K)
PRINT 906«K*KK:
PRINT 907*NAD1AB{KK)»NRXN(K)«INRX{K).NOUTR(K)♦DPR(K)
PRINT 908*LL*(RXNK(K«L)«L=1«LL1
DO 405 LX=1♦KCMX

405 PRINT 911.HFM(LK)*(ALPHAfK«L«LK)*L=1*LL)
PRINT 101»(PMC(K1»K=1.MAXRXN)

401 CONTINUE
<50 TO SO

5 CONTINUE
IF (NOUT) 408*408*406

406 PRINT 909*N
PRI NT 01 * JKS « KCMX1
DO 407 Ks1,KCMX1

407 PRINT 902*(VALUESIKIX.K).KlXsl«JKS)
408 CONTINUE

DO 6 L»1♦NRCT
IF (NR(L)-N) 6*7*6

6 CONTINUE
7 LK=NRXN(L)

IN=INRX(L)
NOTR«NOUTR(L)
DO 8 IJ=1*NRCT
DO 8 IK=1*LK

8 BC(IJ*IK)=RXNK(IJ#IK)
S»VALUES(IN*KCMX1)
DO 9 IJ=1*KCMX
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TABLE XIV (continued)

9 A{1J)«VALUES(IN#IJ)*S

DO 10 ik=i,k:cmx

10 AMIIK)SA(TK)/COMWW(IKl

11 DO 12 !Ksl»KCMX

12 TM(IK1*0»

DO 16 K=l *i<CMX

DO 13 IIsl.LK

13 TM(K)aTM(K)+ALPHA(L«II#K)»BC(L«II)

IF((PMC(LK)«AM(K)y+TM(K)) 14«16#16

14 Ba-(AM(K)/TM(K) )*PMC{Lk:)

DO 15 rJ=l#LK

15 BCCL#IJ1=BC(L#1Jl*B
GO TO 11

16 CONTINUE

DO 17 k:=i#kcmx

17 TM(K)=TM(K>+AM(K)

DO 18 K*1#KCMX

18 T(K)=TM(K)*C0MMW(K)

ST»0«

DO 19 IXsl.KCMX

19 ST=ST+T<IX)

VALUES(N0TR#KCMX1)eST

DO 20 IY«1.KCMX

20 VALUESINOTR#IY)=T(IY)/ST

IF (LCON-n 50«50.21

21 STMPRS(NOTR)=STMPRS(IN)+DPR(L)

IF (NADIAB(N)) 23#23#22

22 HEAT=ENERGY(N)

GO TO 24

23 HEAT=0.

24 DO 25 IJ»1#KCMX

25 HEATaHEAT+(HEM(IJ)*(TM(IJ)-AMIIJ)))

A!aHEAT

AOaO.

DO 26 IKal,KCMX

AI=AI+ISTMTEMIIN)*COMHCIIK)*AIIK))

AOaAO+ICOMHCI IK)*TI IK))

26 CONTINUE

STMTEM t NOTR)=A I/AO

IF INOUT) 411#411.409

409 PRINT 910#N

PR I NT 901# JKS # KCMX1

DO 410 Kal#KCMX1

410 PRINT 902»IVALUESIKXZ.K)#KXZ=1#JKS)

411 CONTINUE
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TABLE XI7 (continued)

SA continue:
RETURN

END
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TABLE XV

FORTRAN LISTING OF THE EQP4, HEAT EXCHANGER SUBROUTINE

SUBROUTINE EQP4{M,N*1♦J.KStJKS»KCMX.KCMXl♦VALUES»STMTE
1M t STMPRS « COMMW♦COMHC« COMHV.ENERGY♦LCON «NOUT)

C  *♦ THIS IS A HEAT EXCHANGER SIMULATION* ♦*
C  ** DIMENSION NH(NHE)♦INHE(2»NHE)♦N0UTHE(2«NHEI»DPHI2»NHEI
C  1«A(KCMX)«TA(KCMX)
C  ♦* THE NEXT CARD CHANGES WITH DIEEERENT PROCESSES. **

DIMENSION NH(2I.INHE(2♦2)«NOUTHE(2.2)♦DPH(2♦2)♦A(5)♦TA
1(5).NADIAB(9)
dimension VALUES!JKS*KCMXl)»STMTEM(JKS)♦STMPRS(JKS1«C0

IMMW(KCMX).COMHC(KCMX).COMHVCKCMX)»ENERGY(I)
104 FORMAT!IH .SOHNO HT. EXCH. SHOULD HAVE A ZERO HEAT LOA

ID. NADIAB!.I2«I0H)=:1« NOT 0)
105 FORMAT!IH .31HB0TH INLET TEMPERATURES OF EQP..I3.4H AR

IE.E10.3.33H ...NO HEAT TRANSFER IS POSSIBLE.)
200 E0RMAT!14I5)
201 FORMAT!7E10.5)
202 FO-MAT!1H9.+2*2X«E5.1.5X.E8.3.5X.E10.3)
900 FORMAT!IH .36H0PTI0NAL OUTPUT OF INPUT DATA *♦ EQPIl)
901 FORMAT!IH «25X«8HVALUES !I2.1H»I2.6H) MTX.)
902 FORMAT!IH .9E14.7)
903 FORMAT!IH «6X.9HC0MP0NENT.6X«9HM0LE. WT.♦6X.9HHEAT CAP

1..4X.1IHLATENT HEAT)
904 FORMAT!I12«F19.3«F15.5»F15.4)
905 FORMAT!IH .19HN0. OF HT. FXCHS. »I3)
906 F0RMAT!1H .13HHT. EXCH. N0.I3.12H IS EQP. NO.13)
907 F0RMAT!1H .2!14HINLFT STM. N0.I3.18H EXITS AS STM. NO.

1I3.3X))
908 FORMAT!IH/.lOHDFLTA PI =F10.5.11H DELTA P2 »F10.5«8H N

1ADIAB=12.12H HEAT LOAD =F14.6)
909 FORMAT!1H «24HCALCULATING FOR EQP. NO.12)
910 F0RMAT!1H .26HFINISHED CALC. ON EQP. NO.12)

IF !M) 1.1.4

1 READ 200.NHE
IF !NHE) 50.50.2

2 READ 200.!!INHE!1.L).NOUTHE!1*L).INHEI2.L)«N0UTHE!2«L)
1.NH!L)).L=l.NHE)

READ 201.!!DPH!K.L).L=l.NHE).K=l.2)
DO 3 L»1.NHE
LKxNH!L)

3 READ 200.NADIAB!LK)
IF !NOUT) 401.401.400

400 PRINT 900.N

PRI NT 901.JKS.KCMX1
DO 402 K«l.KCMXl

402 PRINT 902.!VALUES!L.K).L=l.JKS)



TABLE XV (continued)

PRINT 903
DO 403 Kal»KCMX

403 PRINT 904*K«COMMW(K)«COMHC(K)♦COMHV(K)
PRINT 905*NHE
DO 405 K=I»NHE
PRINT 906.K»NH(K)
PRINT 907»((INHE(KX«K)♦NOUTHE(KX«K))♦KXal♦?)
k:k=nh{k)

405 PRINT 908»DPH(1♦«)»DPH(2«K)«NADIAB(KK)tENERGv(KK)
401 CONTINUE

GO TO 50
4 CONTINUE

IF (NOUT) 408.408*406
406 PRINT 909.N

PRINT 901.JKS.KCMXl
DO 407 Kal.KCMXI

407 PRINT 902. (VALUES(KIX.K) «K:1X=1 « JKS)
408 CONTINUE

DO 5 L=1.NHE
IF (NH(L)-N) 5.6.5

5 CONTINUE
6 CONTINUE

LKl=INHE(1.L)
LK2=INHE(2«L>
LNK1=N0UTHE(1.L)
LNK2=N0UTHE(2.L)
DO 7 LL=1.KCMXl
VALUESILNKl♦LL)=VALUES(LKl.LL)

7 VALUES(LNK2.LL)=VALUES(LK2.LL)
IF (LCON-l) 50.50.8

8 DO 9 LK3®!.XCMX
A(LK3)=VALUES(LKl.LK3)*VALUES(LKl.KCMXl)

9 TA(LK3)aVALUES(LK2.LK3)*VALUES(LK2.KCMXl)
B=0«

CaO#
DO 10 K=1.KCMX
B«B+(COMHC(K)*A(K))

10 C=C+(COMHCtK)*TA(K))
IF (NADIAB(N)I 11.11.12

11 PRINT 104.N
12 IE (STMTEM(LKn-STMTEM(LK2n 14.13.15
13 PRINT 105.N.STMTEM(LK1)

HEATsO#
GO TO 16

14 HEAT=ENERGYfN)



112
TABLE XV (continued)

GO TO 16

15 HEAT=-ENERGY(N)

16 STMTEM(LNK i)=STMTEM(LK1 )+(HEAT/B1

STMTEM(LNK2)=STMTEM(LK2)-(HEAT/C1

STMPRS(LNtCl )«STMPRS(LK1 )+DPH(i ♦L)
STMPRS(LNK2)=STMPRS(LK2)+DPH(2♦L i
IF (NOUT) 411.411*409

409 PRIKTT 910.N
PRINT 901♦JKS«KCMXI
DO 410 K»1.KCMXl

410 PRINT 902. (VALUES (KXZ .K ) .KX2«= 1 « JKS 1
411 CONTINUE

50 CONTINUE
RETURN

END



APPENDIX C

IHE NO-RECYCLE PROCESS

The "basic no-recycle process used in testing the

basic transfer patterns of MAEBE is presented in Figure

8. The input data for the evaluation of this process by

MA.EBE is listed in Table XVI, Each data card is represented

by two lines in the table. The vertical divisions are 10

column width fields, and columns 1 thruogh 40 are listed

first, followed by 41 through 80 on the second line.

The results obtained by MAEBE's execution are presented

in Table XVII.

113
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' Stream

Entering
Process
Stream

Eqp.

heat exchg.

r#7
Exiting'
Coolant
Stream

10

Eqp.

#r

Exiting
Process
Stream

Exiting'
Process

Bottoms
Stream

Pigure 8. Configuration of the Basic No-recycle Process.



TABLE TVl

THE MEBE IIJl-UT DATA EOR THE ITO-RECYCLE PROCESS

115

NiviLKJI 1

I,J,KC,KS,INSTm,LRG, 4
LCON,...,NTYPE i

IDENT(l-ll)

VALUES( 1,1-5)'

VALUES(1,6)'

VALUES (2,1-5)'

VALUES(2,6)'

VALUES (3,1-5)'

VALUES(3,6)
*

VALUES(4,l-5)

VALUES(4,6)

VALUES( 5,1-5)'

VALUES(5,6)'

VALUES (6,1-5)'

VALU'ES(6,6)'

06

06

06

04

04

00

TEST

-1

-2

-1,E+06

1•E+06

-2

-1

-2.

T.Ol 1

5

1

OF MAEBE,

E+06

1•E+06

E+06

E+06

E+06

1 •E+06

E+06

E+Ol

3^E+04

E+04

E+00

5^E+02

2^3EE+04

5•E+04

O.E+00

E+04

NO RECYCI

O^E+00

-1•E+06

O^E+OO

-1•E+06

O^E+00

-1•E+Od

O^E+00

1•E+oa

O^E+00

3^E+0:

O^E+00

O^E+OC

E PROCESS

-1 •£+

-1 •E+

-1 •E4

4^E4

2^E4

0^E4



TABLE XVI (continued) 116

NAllE(l,l-4) ,COIvfi«(l) ,
COMHC(l) ,COiiiHV(l)

NAIIE (2,1-4), C0M1«IW( 2) ,
C0iviHC(2) ,C0TIHV(2)

IIAME(3,l-4) ,C0MM¥(3) ,
C0fflC(3) ,C01ffiV(3)

MME(4,1-4),COmw(4),
C0idHC(4) ,C0IfflV(4)

NAIVIE(5,1-4), COM&iW( 5),
C0MHC(5) ,C0IvIHV(5)

NEQ(1-4,1)

JET(1-4)

ST(4),SP(4)

ST(5),SP(5)

ST(6),SP(6)

ENERGY (1-4)'

880,

1

WATER

CCJMPOUND A
700.

CClMPOUND B
600.

CdMPOUND C

500.

CClMPOUND D
400.

100,

70,

39.

05

25.

15.

40.

1«E+06

-9.E+04

18,

40,

20,

10.

O.E+00

INPUT DATA PGR THE EQPl, IdXER SUBROUTINE

>8

2.5E+

NIvilX, iviA-XIN 1 c

NM(1),IN(1),NSLM(1) 1 2 1

NADIAB(1),NSEM(1,1), 1 A 5

NSEM( 2, l)



TABLE XVI (continued) 1^7

BPM(1)

INPUT DATA FOR THE EQP2, SEPARATOR SUBROUTINE

NSEP,mXOUT

NS(1) ,NililX(l),
NSES(l)

NADIAB( /- 1

NSLS(1-3,1)

DPSEP(1,1)jDTSEP -•5
(1,1) ,FRAGT(l,l,L-5) '9

DPSEP(2,1),DTSEP
(2,1) ,FRiiCT(l,2,L-5) •!

DPSEP(3,1),DTSEP 2.
(3,1),FRACT(1,3,15)^«

4

8  9 10

12.5

• 8

1 •

• 2

Us.

1 •

• 7

0*
• 3

0»

0«

0.

INPUT DATA FOR THE EQP3, REACTOR SUBROUTINE

NRCT,JiiAXRXN 1  1

NR(1),INRX(1),NOUTR 2
(1),NRXN(1)

DPR(l)

NADIAB(2)

RXNK(1,1)

-2.

100<



TABLE XVI (continued)
ID 8

ALPHA(l,l,l-5) 0.

-12.

5. —2 • -10.

HPM( 1-4)
« E+Oi:

1•E+o:

E+05

'  E+02

HPM(5) —c• E+02

PMC(l) .95

INPUT DATA PGR THE EQP4, HEAT EXCHANGER SUBR.

NHE

INHE(1,1) jNGUTHECy).
...,NH(1)

DPH(1-2,1) -4,

NADTAB(3)

»5

These sets of data were originally read on a 5E14.6
fornie.t, But this has since Been changed to a 5E15,6 format
for data coding- purposes.



TABLE XVII

i.iAEBE OUTPUT OE THE NO-RECYCLE PROCESS TEST

129

TEST OF MAEBE* NO RECYCLE PWOCEgS
STREAM !♦ FLOW 0«936100E 05 LBS. PER HOUR. 106.4 F DE6.♦

19.0 PSIA. 0.757750E 07 BTU PER NR.
MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES

STREAM
17.0

WATER
COMPOUND A

COMPOUND B

COMPOUND C

COMPOUND D
2. FLOW 0.9361OOE

PSIA. 0.816t59E 07

0.106826E-03

0.

0.640957E 00

0.325820e 00
0.331161E-01

05 LBS. PER HOUR.
BTU PER HR.

O.IOOOOOE 02

0.

0.600000E 05
0.305000F 05

0.310000E 04
111.4 F DEC..

MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES
WATER

COMPOUND A

COMPOUND B
COMPOUND C

COMPOUND D
STREAM 3. FLOW 0.9361OOE

13.0 PSIA. 0.791159E 07

0.106826E-03
0.104868E 00
0.619984E 00
0.273386E 00
0.16558lE-02

05 LBS. PER HOUR.

BTU PER HR.

O.IOOOOOE 0 2
0.981667E 04

0.580367E 05
0.255917E 05
0.155000E 03

108.0 F DEC..

O.IOOOOOE 02
0.981667F 04
0.580367E 05
0.255917E 05
0.155000E 03

100.0 F DEG.«

MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES
WATER 0.106826E-03

COMPOUND A 0.104868E 00
COMPOUND B 0.619984E 00
COMPOUND C 0.273386E 00
COMPOUND D 0.165581E-02

STREAM 4. FLOW 0.7011OOE 05 LBS. PER HOUR.
25.0 PSIA. 0.530700E 07 BTU PER HR.

MASS FRACTION STREAM COMPOSITIONS AND COMPONENT
WATER 0.142633E-03

COMPOUND A 0.
COMPOUND B 0.570532E 00
COMPOUND C 0,427899F OO
COMPOUND D 0.142633E-02

5. FLOW 0.235000E 05 LBS. PER HOUR.STREAM

FLOW RATES
O.IOOOOOE 0

15.0

2

0.

0.400000E 05

0,300000F 05
O.IOOOOOE 03
70.0 F DEG..

PSIA. 0.127050E 07 BTU PER HR.
MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES

STREAM
40,0

WATER
COMPOUND A
COMPOUND B
COMPOUND C

COMPOUND D

6. FLOW 0.500000E
PSIA. 0.19B000E 07

0.

0.

0.851064E 00
0.212766E-01
0.127660E 00

05 LBS. PER HOUR.
BTU PER HR.

0.

0.

0.200000E 05
0.500000E 03
0.300000E 04
39.0 F DEG..

MASS FRACTION STREAM

WATER

COMPOSITIONS AND COMPONENT FLOW RATES
O.IOOOOOE 01 0.5000O0F 05



TABLE ZYII (continued) 120

COMPOUND A 0.

COMPOUND B 0.

COMPOUND C 0.

COMPOUND D 0.

7« FLOW 0.500000E 05 LBS. PER HOUR.

PSIA. 0.220000E 07 BTU PER HR.

0.

0.

0.

0.

44.0 F DEC..STREAM

39.5

MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES

STREAM

12.5

WATER

COMPOUND A

COMPOUND B

COMPOUND C

COMPOUND D

8. FLOW

O.IOOOOOE 01

0.

0.

0.

0.

0.728248E 05 LBS. PER HOUR.

0.500000E 05

0.

0.

0.

0.

120.5 F DEC..

PSIA. 0.676908E 07 BTU PER HR.

MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES

STREAM

12.9

WATER

COMPOUND A

compound B

COMPOUND C

COMPOUND D

9. FLOW 0.109685E 05 LBS. PER HOUR.

PSIA. 0.882826E 06 BTU PER HR.

0.137316E-03

0.

0.717242E 00

0.281131E 00

0.148988E-02

O.IOOOOOE 02

0.

0.522330E 05

0.204733E 05

0.108500E 03

107.0 F DEC..

MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES

STREAM

15.0

WATER

COMPOUND A

COMPOUND B

COMPOUND C

COMPOUND D

10. FLOW

0.

0 .

0.529121E 00

0.466639E 00

0.423941E-02

0.981667E 04 LBS. PER HOUR.

0.

0 .

0.580367E 04

0.511833E 04

0.465000E 02

103.0 F DEC..

PSIA. 0.909666E 06 BTU PER HR.

MASS ERACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES
WATER

COMPOUND O.IOOOOOE 01

COMPOUND B 0.

COMPOUND C 0.

COMPOUND D 0.

HEAT BALANCE ON EQUIPMENT NO. 1 WAS 0.

HEAT BALANCE ON EQUIPMENT NO. 2 WAS 0.

HEAT BALANCE ON EQUIPMENT NO. 3 WAS 0.

HEAT BALANCE ON EQUIPMENT NO. 4 WAS 0.

COMPONENT TOTAL IN

0.

0.981667E 04

0.

0.

0.

O.IOOOOOOOE 07 BTU

BTU

WATER

COMP. PER CENT CHANGE

COMPOUND A

COMP. PER CENT CHANGE

0.500in0E 05

0.000000

0.

o.oooooo

TOTAL OUT

0.500100E 05

0.981667E 04



TABLE XVII (continued)
121

COMPOUKJD B .eOOOOOE! 05
COMP« PER CENT CHANGE -3•272200

COMPOUND C 0.3050002 05

COMP. PER CENT CHANGE -16.092900

COMPOUND D 0.3IOOOOE 04

COMP. PER CENT CHANGE -95.000000

ENTIRE SYSTEM BALANCE 0.14361OE 06

PROCESS ERROR 0.000000 PCT.

0.580367E 05

0.255917E 05

0.155000E 03

0.143610E 06



APPENDIX D

THE FIRST RECYCLE PROCESS

The first recycle process, depicted in Figure 1,

page 16, was evaluated by the three program systems.

The necessary input data and the programs' results are

presented in Tables XVIII through XXII, The tables which

list input data are arranged so that each data card will

be represented by two lines in the table; columns 1

through 40 are listed first, followed by 41 through 80 on

the second line. The vertical divisions represent 10

column width fields.

122



2ABI£ XVIII

INPUT AND OUTPUT PGR THE FIRST RECYCLE

PROCESS AS A TEST OF 2IS SEEK/LLI:! SYSTEM

123

I,J,KS,NCUT

NEQ(1-4,1)

NP(l,l-9)

NP(2,l-9)

NP(3,l-9)

NP(4,l-9)

NP(5,l-9)

lEENT(l-ll)

-1

0

1  -1

0

0

0

0

-1

4

0

OCESS

1 -1

1  -1

SEEK/HUNT TEST

1  1

-1

OF FIRST 5ECYCLF PP

OPTIMUM S

OUTPUT PROM THF^ FIRST RECYCLE PROCESS
TEST OF TiiE SEEK/iiUNT SYSTEM

"QUENCE 4** 1** 2** 3**



TABLE XIX

THE PIED INPUT DATA FOR THE FIRST RECYCLE PROCESS

124

I,J,KC,KS,TNSTM,
LRC,...,NORC,MU
***

IET(l-4)

CONCRI

iviiiXPAS

*

VALUES(1,1-5)

VALUES (2,1-5)'

VALUES(3,1-5)

VALUES(4,1-5)

*

*

4

•100000--07

100

-1.00000

06 -1.000

-1.00000

06 -1.000

-1.00000

06 -1.000

c e:+06 -1.0

COOE+06 -1.

O

rf+06 -1.00

0 ■)oe+06 -1.

0-+06 -1.00
OrOE+06 -1.

1
03

VALUES(5,1-5)

VALUES (6,1-5)'

VALUES (7,1-5)'

VALUES (8,1-5)'

NAii'iE (1,1—4) , COiviLViW
(1) . ,COLiHV(l)

NAi.iE(2,l-4) jCOivMW
(2),...,C0MHV(2)

NAi,Xi(3,l- 4),C0i,XLW
(3),...,Coi,iHV(3)

-1.00000
06 -l.OOOC

(■

.25000CE
00 .250r

.50000CF
00 .soor

O.OOOOOC E
00 o.ooor

0.1

0.2

0.3

CO

CO

OOOOE+06
00001OE+06

E+03
1.E+03

E+06 0.0
OOE+06 -1.

0

250+00 .
OOE+00 1 .

000+00 0.
OOE+On 2.

000+00 1 .
OOE+00 1.

OMPONENT

100.0

MPONENT
200.0

MPONENT

300.0

3
4

1

OOOOE+06 -
OOOOlOE+06

OOOOE+06 -
00001OE+06

1•E+03

4.E+03

0OOOE+00 -
OOOOlOE+06

OOOE+00

OOOOOOE+05

OOOE+00
OOOOOOE+04

OOOE+00
OOOOOOE+02

1  1

1.OOOOOOE+

1.000000E+

1 .000000E+

1 •E+

1.OOOOOOE+

.250000E+

O.OOOOOOE+

O.OOOOOOE+

10.0

20.0

30.0



TABLE AIX (continued)
125

MIvIE(4,l-4) ,COIiMW
(4),...,C0MHV(4)

ST(6),SP(6)

ST(7),SP(7)

ST(8),SP(8)

ENERGY(1-4)

ta;NOR( 1,1-5)

FEQ(1-4,1)

0,4

100,00

200,00

50,00

DMPONENT

»00,0

1000 100

3000

0,000000-

05 0,1000

-

1

3000 200

25.000000

+00 0,10

30E+07

0,000000

O.OOOOOO

OOOOF+04

40.0

3,6000005+

INPUT DATA EOR THE EQPl, luI^iER SUBROUTINE

NiiIX,MAXIN

NM(1) ,IN(1) ,NSLia(l) , 1
KM(2),IN(2),NSLX(2)

NiiDIxi.B(l) ,NSEiri( 1— 0

NADIAB( 3) ,NSEiVi( 1-3, l) i

DPia(l-2) -50,00000

8  1

-10,00000

INPUT DATA EOR THE EQP2, SEPARATOR SUBROUTINE

NSEP,i^iAXOUT



TABLE All (continued)
126

NS(1) ,Nmx(i),
NSES(l)

NADIAB(4)

NSLS(1-3,1)

DPSEP(1,1),DTSEP
(1,1),ERAGT(1,1,1^
DPSEP(2,1)
DTSEP(2,1),ERAGT(1,
2,1-4),BPSEP(3,1),
DTSEP(3,1)
PRAGT(1,3,1-4)

-io«q

• 41

• 1

• Id

20^15

• 15

• ?

1 •f

• 8l

• 2

-2^ 15

©•0

-20.0

• 54

INPUT DATA PGR THE EQP3, REAGTOR SUBROUTINE

NRGT,tIAZRXN

NR(1),INRX(1),
NOUTR(l),NR1N(1)

DPR(l)

NADIAB(3)

R1I\TK(1,1)

ALPHA(l,l,l-4)

HPti(l-4)

PMG(l)

1  1

-lO^OOO

1000^000

3^000

1•OOOOC 0

0E:+03 4,

• 905

2^00c

5+03 -2

poooooE+o:

-1•000

OOOOOOE+Oj

► 20

.05

.75

•1 •OOP

-.3^oPoon
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TABLE XII (continued)

INPUT DATA EOR THE EQP4, HEAT EXCHANGER SUBR.

NHE

These sets of data v/ere originally read on a 5E14,6

format, hut this has since heen changed to a 5E15,6 format

for data coding purposes.

The identification variable array was not used at the

time that this process was evaluated; it has since been

introduced into the data list at the location indicated.



TABIiE XX

PIED OUTPUT OP TilE PIHST HECYCLE PROCESS

128

****

STREAM 1« FLOW 0.127379E
1130.1 PSIA* 0.358A95E 07

MASS FRACTION STREAM COMPOS I

COMPONENT 1

COMPONENT 2

COMPONENT 3

COMPONENT 4

STREAM 2. FLOW 0.148534E

552.6 PSIA. 0.403868E 07

MASS FRACTION STREAM COMPOSI

component 1

COMPONENT 2

COMPONENT 3

COMPONENT 4

stream 3. FLOW 0.148534E

542.6 PSIA* 0.258962E 07

MASS FRACTION STREAM COMPOSI

COMPONENT 1

COMPONENT 2

COMPONENT 3

COMPONENT 4

STREAM 4. FLOW 0.2I0548E

532.6 PSIA. 0.45I726E 06

MASS FRACTION STREAM COMPOSI

COMPONENT I

COMPONENT 2

COMPONENT 3

COMPONENT 4

STREAM 5. FLOW 0.737896E

540.4 PSIA. 0.849493E 05

MASS FRACTION STREAM COMPOSI

COMPONENT 1

component 2

COMPONENT 3

COMPONENT 4

STREAM 6. FLOW O.lOOOOOE

1000.0 PSIA. 0.250000E 07

MASS FRACTION STREAM COMPOSI

COMPONENT 1

COMPONENT 2

COMPONENT 3

COMPONENT 4

STREAM 7. FLOW 0.200000E

2000.0 PSIA. O.lOOOOOE 07

MASS FRACTION STREAM COMPOSI

06 LBS. PER HOUR. 116.5 F DEG..

BTU PER HR.

TIONS and component FLOW RATES

0.33I330E 00 0.422045E 05

0.I96265E 00 0.250000E 05

0.197252E 00 0.25I258E 05

0.275I53E 00 0»350487E 05

06 LBS. PER HOUR. I 17.8 F DEG..

BTU PER HR.

TIONS AND COMPONENT FLOW RATES

0.332645E 00 0«494090E 05

0.262030E 00 0.389203E 05

0.169328E 00 0.25I509E 05

0.235998E 00 0.350536E 05

06 LBS. PER HOUR. 109.1 F DEG..

BTU PER HR.

TIONS AND COMPONENT FLOW RATES

0.485040E 00 0.720448E 05

0.465223E 00 0.691014E 05

0.169328E-01 0.25I509E 04

0.328041E-01 0.487251E 04

05 LBS. PER HOUR. 129.3 F DEG..

BTU PER HR.

TIONS AND COMPONENT FLOW RATES

0.342178E 00 0.720448E 04

0.656396E 00 0«138203E 05

0.119455E-02 0.25I509E 02

0.231421E-03 0.48725IE 01

04 LBS. PER HOUR. 109.2 F DEG..

BTU PER HR.

TIONS AND COMPONENT FLOW RATES

0.976354E 00 0.720448E 04

0. 0.

0.I70423E-01 0.I25755E 03

0.660325E-02 0.48725IE 02

06 LBS. PER HOUR. 100.0 F DEG..
BTU PER HR.

TIONS AND COMPONENT FLOW RATES

0.250000E 00 0.250000E 05

0.250000E 00 0.250000E 05

0.250000E 00 0.250000E 05

0.250000E 00 0.250000E 05

05 LBS. PER HOUR. 200.0 F DEG..

BTU PER HR.

TIONS AND COMPONENT FLOW RATES



TABLE XX (continued)
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COMPONENT 1 O.SOOnoOE 00
COMPONENT 2 0.

COMPONENT 3 0.

COMPONENT 4 0.500000E 00

STREAM 8* FLOW O.IOOOOOE 03 LBS. PER HOUR.
25.0 PSIA. O.IOOOOOE 04 BTU PER HR.

MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES

O.IOOOOOE 05

0*

0.

O.IOOOOOE 05

50.0 F DEC..

COMPONENT 1 0.

COMPONENT 2 O.IOOOOOE 01

COMPONENT 3 0.

COMPONENT 4 0.
STREAM 9. FLOW 0.120i00E 06 LBS. PER HOUR.
544.5 PSIA. 0.173429E 07 BTU PER HR.
MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES

0»

O.IOOOOOE 03

0.

0.

89.1 F DEC..

COMPONENT

COMPONENT

COMPONENT

COMPONENT

1

2

3

4

0.479899E 00

0.460292E 00

0.196851E-01

0.401242E-01

1 WAS 0.HEAT BALANCE ON EQUIPMENT NO.

HEAT BALANCE ON EQUIPMENT NO. 2 WAS

HEAT BALANCE ON EQUIPMENT NO. 3 WAS

HEAT BALANCE ON EQUIPMENT NO.

COMPONENT

COMPONENT 1

COMP. PER CENT CHANGE

COMPONENT 2

COMP. PER CENT CHANGE

COMPONENT 3

COMP. PER CENT CHANGE

COMPONENT 4

COMP. PER CENT CHANGE

ENTIRE SYSTEM BALANCE 0.120100E 06

PROCESS ERROR C.000000 PCT.

4 WAS -

TOTAL IN

0.350000E 05

64.673700

0.251000E 05

120.243333

0.250000E 05

-90.543333

0.350000E 05

-86.231700

0.576358E 05

0*55281 IE 05

0»236419E 04

0.481891E 04

BTU

O.IOOOOOOOE 04 BTU

0.59999999E 05 BTU

0.106083<57E 07 BTU

TOTAL OUT

0.576358E 05

0.55281 IE 05

0.236419E 04

0.481891E 04

0.120100E 06

****

The ID±;NT variable has been introduced into the list

of output of the FIND program system as the heading of the

listing.



TAELE XXI

THE MEBE INPUT DATA FOR THE FIRST RECYCLE PROCESS
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NIvlLKJI

I,J,KC,KS,INSTM,
LRC,...,NTYPE

IDENT(l-ll)

CONCRI

LRCi»lX

MXPAS

VALUES(1,1-5)

VALUES (2,1-5)'

VALUES (3,1-5)'

VALUES (4,1-5)'

VALUES(5,1-5)

VALUES(6,1-5)

VALUES (7,1-5)'

VALUES(8,1-5)

1,1-4) ,COiiiaW
(l),...,COx/iHV(l)

1

TEST

SYSTEMS A

•100000

100

-1.00000

06 -1.000

-1 .nooooi

06 -l.OOOi

-1.00000

06 -1.000

-1.00000

06 -1.000

O

n

C

C

i+06 -1.00

030E+06 -1.

-1.00000

06 -l.OOOC

C

.25000

00 .2500

O

.50000CF
00 .500C

O.OOOOOC

00 o.oooco

E

0.1

OF SMALL

-OK LNK

-05

-4-06 -1 ,0

oloOE+06 -1 .
r

S+06 -l.OO

C|OOE+06 -1

O

~+06 -l.OC

OE+06 -1.

E+06 O.OC

OOE+06 -1«

E+00 ,2«l

OOE+00 1,

+00 O.Of

OOE+00 2

+OO l.OC

OE+00 1«

OMPONENT

100.0

RECYCLE PP OCESS ALL

OOOOE+06 -

OOOOIOE+OC

oOOOE+06 -

ooooioE+oe

OOOOF+06

ooooioE+oe

OOOOE+06

00001OE+06

OOOOE+00 -

000010E+0«

OOOOE+00

ooooooF+oe

OOOOE+00

OOOOOOE+OA

OOOOE+00

OOOOOOE+02

1

1.000000E+

1,OOOOOOF+

1,O00000F+

1.OOOOOOE+

1.OOOOOOE+

.250000E+

0.000000E+

O.OOOOOOE+

10.0



TABLE XXI (continued) 131

NAlIE(2,l-4) ,COIM
(2),...,C0MHV(2)

NAI>iE(3,l-4) ,COMiviW
(3),...,C01£HV(3)

NALiE(4,l-4) ,C01*
(4) ,...,C0iyfflV(4)

NEQ(1-4,1)

IET(l-4)

NP(l,l-9)

NP(2,l-9)

NP(3,1-9)

NP(4,l-9)

KP(5,1-5)

ST(6),SP(6)

ST(7),SP(7)

ST(8),SP(8)

ENERGY(1-4)*

0,2

0«3

0.4

I  1

-1

0

1

0

0

0

0

■1

-1

50,000000

0,00000
05 0.100

omponent
200,0

OMPONENT

300.0

OMPONENT

400.0

0  C

>1 0

1  -1

100.000000 lOOO.000000

200,000000 2000,000000

0=:
CO

+00 0,10
0E+07

T I

111

IV

1  1

0

-1

B.000000

OOOOE+04

20.0

30.0

40.0

0

0.600000E4



TABLE AXI (continued)

INPUT DATA PGR THE EQPl, HiIXER SUBROUTINE

132

NMIXjiiiAXIN 2 ^

NM(1) ,IN(1) ,NSLMCD, 1 3 1  2 3  2

NM(2) ,IN(2) ,NSLM(^)

NADIAB(l) jNSEMCL-^]) 0 6 7  5

NADIAB (2) , NSEMCB^) 1 4 8  1

DPM(l-2) -50,00000 -10,00000

INPUT DATA PGR THE EQP2, SEPARATOR SUBROUTINE

INPUT PGR THE EQP3, REACTOR SUBROUTIIffi

NRGT,MXRXN 1 1

NSEPjMAXOUT 1  3

NS(1) ,N1AIX(I) ,NSES
(1)

4  3 3

NADIAB(4) 1

NSLS(1-3,I) 4  5 9

DPSEP(1,1) jDTSEP
(l,l),PRACT(l,l^-4) ,

-10,0

,41

20, 15

,15

,2

-2,15

,20

DPSEP(2,1).DTSEP
(2,1)PRACT(I,2,14),

,1

,10

,2

1 ,9

0,0

-20,0

,05

DPSEP(3,1),DTSEP
(3,l)»J'a/^GT(l,3^4)

,6 ,8 ,54 ,75



TABLE XXI (continued) 133

NR(1) ,INfiX( L) ,NOUTR 3
(1),NRXN(1)

DPR(l) -lO.OOOl

NADIAB(3)

RXM;(1,1) 300,noci

ALHlAd,1,1-4) 3,ooo|

HEM(l-4)

PiiC(l)

1.0000

OE+03 4.1

.950

0

2.000

0E+03 -2.

OOOOOOE+03

-1.000

500000E+03

-1.000

-3.00000

INPUT DATA FOR THE EQP4, HEAT EXCHANGER SUBR.

NHE

*  These sets of data were originally read on a 5E14o6

format, but this has since been changed to a 5E15,6 format

for coding purposes.



TABLE XXII

iviAEBE OUTPUT OP THE PIRST RECYCLE PROCESS TEST

134

STREAM 1. FLOW 0,139215E 06 LBS. PER

949.3 PSIA» 0.350031E 07 BTU PER HR.

MASS FRACTION STREAM COMPOSITIONS AND COMPONENT

SvitS^S A-6l<J LKik
HOUR. 105.6 F DEC..

STREAM

31 1 .4

COMPONENT

COMPONENT

COMPONENT

COMPONENT

2. FLO'i

I

I I

I I I

IV

0.180005E

PSIA. 0.367976E 07

0.356763E 00

0.179579E 00

0.190220E 00

0.273438E 00

06 LBS. PER HOUR.

BTU PER HR.

FLOW RATES

0.496667E 05

0.250000E 05

0.264815E 05

0.380667E 05

87.7 F DEC..

MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES

STREAM

301.4 PSIA.

MASS FRACTION

COMPONENT I 0.357398E 00

COMPONENT II 0.190967E 00

COMPONENT III 0.214604E 00

COMPONENT IV 0.237031E 00

3. FLOW 0.180005E 06 LBS. PER HOUR.

0.313976E 07 BTU PER HR.

STREAM COMPOSITIONS AND COMPONENT FLOW RATES

0.643333E 05

0.343750E 05

0.386296E 05

0.426667E 05

83.1 F DEC..

STREAM

-10.0 PSIA.

MASS FRACTION

COMPONENT I 0.407397E 00

COMPONENT II 0.257632E 00

COMPONENT III 0.164605E 00

COMPONENT IV 0.170366E 00

4. FLOW 0.406898E 05 LBS. PER HOUR.

0.177443E 06 BTU PER HR.
STREAM COMPOSITIONS AND COMPONENT FLOW RATES

0.733333E 05

0.463750E 05

0.296296E 05

0.306667E 05

20.2 F DEG..

I  0.360450E 00

II 0.227944E 00

III 0.298555E 00

IV 0.113050E 00

STREAM 5. FLOW 0.192148E 05 LBS. PER HOUR.

-2.2 PSIA. 0.313778E 03 BTU PER HR.

MASS FRACTION STREAM COMPOSITIONS AND COMPONENT

COMPONENT

COMPONENT

COMPONENT

COMPONENT

5. FLOW

PSIA.

COMPONENT

COMPONENT

COMPONENT

COMPONENT

6. FLOW

PSIA.

I  0.763300E 00

II 0.

III 0.771010E-01

IV 0.159599E 00

STREAM 6. FLOW O.IOOOOOE 06 LBS. PER HOUR.

1000.0 PSIA. 0.250000E 07 BTU PER HR.

MASS FRACTION STREAM COMPOSITIONS AND COMPONENT

STREAM

2000.0

COMPONENT

COMPONENT

COMPONENT

COMPONENT

7. FLOW

I

I I

III

IV

0.200000E

PSIA. O.IOOOOOE 07

0.250000E 00

0.250000E 00

0.250000E 00

0.250000E 00

05 LBS. PER HOUR.

BTU PER HR.

0.146667E 05

0.927500E 04

0.121481E 05

0.460000E 04

0.1 F DEG.«

FLOW RATES

0.146667E 05

0 .

0.148148E 04

O.306667E 04

100.0 F DEG..

flow rates

0.250000E 05

0.250000E 05

0.250000E 05

0.250000E 05

200.0 F DEG..



TABLE XKII (continued)
135

MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES
00O.SOOOOOe

0»

0.

0.500000E

03 LBS» PER

O.lOOOOOE 04 BTU PER HR«
MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES

STREAM

25.0

COMPONENT

COMPONENT

COMPONENT

COMPONENT

8* FLOW

PSIA»

I

I I

I I 1

IV

O.lOOOOOE

00

HOUR.

O.lOOOOOE 05

0.

0.

O.lOOOOOE 05

50.0 F DEC..

STREAM

1 .9

COMPONENT I 0 . 0.
COMPONENT I I 0.1OOOOOE 01 O.lOOOOOE 03
COMPONENT I I I 0. 0.
COMPONENT IV 0. 0 .
9. FLOW 0.120100E 06 LBS. PER HOUR. -20.0 F DEG..

PSIA. -0.516400E 06 BTU PER NR.
MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES

COMPONENT

COMPONENT

COMPONENT

COMPONENT

I

I I

I I I

IV

HEAT

HEAT

HEAT

HEAT

BALANCE

BALANCE

BALANCE

BALANCE

ON

ON

ON

ON

EQUIPMENT

EQUIPMENT

equipment

equipment

COMPONENT

COMPONENT I

COMP. PER CENT CHANGE

COMPONENT 11

COMP. PER CENT CHANGE

COMPONENT I I 1

COMP. PER CENT CHANGE

COMPONENT IV

COMP. PER CENT CHANGE

ENTIRE SYSTEM BALANCE O.lEOlOOE

PROCESS ERROR 0,000000 PCT.

0.366361E

0.308909E

0.133222E

0.191507E

NO. 1 WAS

NO. 2 WAS

NO. 3 WAS

NO. 4 WAS

TOTAL IN

0.350000E 05

25.714200 PCT.

0.251000E 05

47.808800

0.250000E 05

-36.000000

0.350000E 05

-34.285700

00 0.440000E

00 0.371OOOE

00 0.160000E

00 0.230000E

0. BTU

O.IOOOOOOOE 04 BTU

0.59999999E 05 BTU

-0.13386430E 07 BTU

total out

0.440000E 05

0.371000E 05

0.160000E 05

06

05

05

05

05

0.230000E 05

0.120100E 06



APPENDIX E

THE SECOND EECyCLE PROCESS

The second recycle process was evaluated by the
\

three program systems in two configurations. These are

1  2
designated as Second Recycle and Second Recycle , and

are presented in Figure 9»

Tables XXIII through XXIX are the listed input

data and results utilized in the evaluation of the two

versions of this process by the program systems.
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I75  (Recycle)

' ̂ i I a

#
1

#.
15

6

Eqp. Eqp. Eap. Eqp. Eqp.

#2 >

#0 h #5 ^6

I

#
11

^14 (Recycle)

10

Eqp.

Eqp.^4

12
E^

,  "13

Eqp.
f,

17

#18

Initial Configuration; 1, 2, 3, 4, 5, 6, 7, 8, 9 = MIEQ

#n
4Eq Eqp EqpEqp Eqp 12

f t t fq.p. . .. .

#

#4 'h
11

Eqp.
Eqp
# #

17Eqp
14

#
13

Eqp.

18
^1 (Recycle)

Improved Configuration: 2, 3» 4, 5, 6, 7, 8, 9, 1= iHEQ

Figure 9. Iwo Versions of the Second Recycle Process.



TABIE XLlll

INPUT AND OUTPUT PGR TliE SECGNU RECYCLE^ PROCESS
TEST OP THE SEEK/HUNT SYSTEk

138

I,J,KS,NGUT 9 14 4 0

NEQ(1-9,1) 1 2 3 4 5 6 7 8

9

NP(1,1-14) -1 0 0 0 1 0 0 0

0 0 0 0 0 1

NP(1,15-18) 1 1 0 0

NP(2,1-14) 1 0 0 0 0 0 0

0 0 0 0 0 0

NP(2,15-18) 0 0 0 0

NP(3,1-14) 0 1 -1 -1 -1 0 0 0

0 0 0 0 0 0

NP(3,15-18) 0 0 0 0

NP(4,1-14) 0 0 1 1 0 -1 -1 0

0 0 0 0 0 0

NP(4,15-18) 0 0 0 0

NP(5,1-14) 0 0 0 0 0 1 0

-1 0 0 0 0 0

Ni^( 5,15-1©) 0 0 0 0

NP(6,1-14) 0 0 0 0 0 0 0 n

1 -1 -1 0 0 0

NP(6,15-18) 0 0 0 0

NP(7,1-14) 0 0 0 0 0 0 1 1

0 1 0 -1 0 0



TABLE XJLlll (continued)
139

NP(7,15-18) 0 0 0 0

HP(8,1-14) 0 0 0 0

0 0 1 1

HP(8,15-18) 0 0 -1 0

NP(9,1-14) 0 0 0 0

0 0 0 0

NP(9,15-18) 0 0 0 -1

NP(10,1-14) 5 5 5 4

4 4 5 5

IDENT(l-ll) TEST OF PHASE

0 0

0

0

1

d
-1

4

6

IT TEST E IG REGYCLF

SEEK/HUNT OUTPUT EOR THE SECOKD EECyCLE PROCESS

NO IMF»RO>

** 5»*

VEwent obta

6** 7»*

ined* best
3** 9*«

SEQUENCE IS 1** 2 *♦ 3** 4

This data is for the original sequence of 1-9 equipment

designation numbers.



TABLE XXIV

INPUT AND OUTPUT OP THE SECOND RECyCLE^ PROCESS
TEST OP THE SEEK/HUNT SYSTEM *

140

I,J,KS,NOUT 9 14 4 6

NEQ(1-9,1) 2

1

3 4 5 6 7 8 9

NP(2,1-14) 1 0 0 0 0 0 0

0 0 0 0 0 0

NP(2,15-18) 0 0 0 0

NP(3,1-14) 0 1 -1 -1 -1 0 0 0

0 0 0 0 0 0

NP(3,15-18) 0 0 0 0

NP(4,1-14) 0 0 1 1 0 -1 -1 0
0 0 0 0 0 0

NP(4,15-18) 0 0 0 0

NP(5,1-14) 0 0 0 0 0 1 0 -1

-1 0 0 0 0 0

NP(5,15-18) 0 0 0 0

NP(6,1-14) 0 0 0 0 0 0 0 0

1 -1 -1 0 0 0

NP(6,15-18) 0 0 0 0

NP(7,1-14) 0 0 0 0 0 0 1 1

0 1 0 -1 d 0

NP(7,15-18) 0 0 0 0

NP(8,1-14) 0 0 0 0 0 0 0 0

0 0 1 1 -1 0



TABLE XXiy (continued)
141

NP(8,15-18)

NP(9,1-14)

NP(9,15-18)

NP(1,1-14)

NP(1,15-18)

NP(10,1-14)

IDENT(l-ll)

SEEK/HUNT OUTPUT PGR TiiE SECORD RECYCLE'PROCESS

0  0 -1 0

0  0 0  0 0  0 0  0

0  0 0  0 1  -1

0  0 0  -1

1  0 0  0 1  0 0  0

0  0 0  0 0  1

1  1 0  0

5  5 5  4 4  4 4  4

4  A 5  5 5  4

TES r OF PHASE Tt test BIG RECYCLE

NO IMPRO

** 6**

V--MENT OBTA

7** e**

I NED* BEST

5** 1**

SEQUENCE tS 2** 3»* 4** 5

This data is for the improved equipment sequence of

2-9,1 designation numhers.



TABLE XXV

THE Eliro INPUT DATA EOR THE SECOND RECYCLE PROCESS

142

*

I,J,KC,KS,.. .,M

IDENT(1,1-11)

LET(1-9)

CONCRI

MAXPAS

**

VALUES(1,1-5)
**

VALUES(1,6)

VALUES(2,1-5)
**

VALUES(2,6)
**

VALUES(3,1-5)
*-x-

VALUES(3,6)
**

VALUES(4,1-5)
**

VALUES(4,6)
**

VALUES(5,1-5)
**

VALUES(5,6)
**

9

0

14

1

test!
ESS LNK

1

2

5

1

OF FIND

1 • 1-08

200

-1

06

-1#00001

-1

06

•lE+06
1•E+06

-1 #00001E+06

^1

06

-1#00001

-1

06

-1#00001

03

1+06

1#E+06

:+06

«|E+06
1#E+06

:+06

+06

1#E+06

E+06

E+00

1#E+03

E+03

2

8

SECOND RECYCLE PROC

■1 #E+06

-1 #E+06

-1#E+06
-1#E+06

-1#E+06
-1.E+Og

-1#E+06

O.E+OOI

1#E+03

1#E+03

-1 #E+

-1 #E+

-1 #E4

-1 #E-t

1 #E4



TABIjE ZZV (continued) 143

VALUES(6,1-5)

VALUES(6,6)
**

VALUES(7,l-5)
**

VALUES(7,6)
**

VALUES(8,1-5)
**

VALUES(6,6)
**

VALUES(9,1-5)
**

VALUES(9,6)
**

VALUES(10,1-5)
**

VALUES(10,6)
**

VALUES(11,1-5)

VALUES(11,6)
**

VALUES(12,1-5)
**

VALUES(12,6)
**

VALUES(13,1-5)
**

-1

06

JE+06
1 *£+06

-1.00001E+oe

-1

06

jE+06
1.£+06

-1.00001E+06

06

JE400
1 .e:+06

-1.OOOOlE+06

-1

06

jE+06
1 .E-fOe

-1.00001E+06

0,E+00

06 - 1•E+06

-1.OOOOlE+06

-1

06

-1.00001E+06

-1 .E+

06

-1.00001

-1

06

E+06

I.E+06

06

1 .E+06

E+06

E+06

1.E+06

-1.E+06

-1 .E+061

-1.E+06

-1.E+06

-1.E+06

-1.E+06

-1.E+06

O.E+00

—1.E+06

-1.E+Od

-1.E+06

-1.E+06

-1.E+06

-1 .E+061

-1.E+06

-1.E+06

— 1 .E-+

--1 .E4

-1 .E4

-1 .E4

-1 .E4

-1 .E^

-1 .E4

-1 .E4



TABLE XXV (continued)
144

VALUES(13,6)
**

VALUES(14,1-5)
**

VALUES(14,6)

VALUES(15,1-5)
**

VALUES(15,6)
**

VALUES(16,1-5)
**

VALUES(16,6)
**

ENERGY(1-5)
**

•1 .OOOOlfe+06

0.

03

04

5•26^ E+04

03

2.1

NAlvlE(l,l-4) ,COMdW
(1) , ...jCOlilHVd)

NAi4E(2,l-4) ,COidMW
(2) ,...,C0IvjHV(2)

NAlvIE( 3,1-4) ,COi»iiviy/
(3),...,COiIHV(3)

NAME(4,l-4)jCOMdW
(4),...,C0iHV(4)

NALiE( 5,1-4) ,COMMW
(5),...,COiVlHV(5)

ST(15),SP(15)

ST(16),SP(16)

COMP.

• 75

COMP.

• 90

COMP.

• 95

COMP.

• 80

COMP.

• 99

04

-+00

1.5+03

:+03

-+01

•7E+02

-+00

I.E+OO

-+03

-1000

1000.

h2000
800.

■427
750.

954

500.

•1
880.

">67 •

172.

+00

• E+04

( I

(X

1•E+03

1.5+03

2.5+03

1.E+Ol

O.E+00

O.E+00

Ti i

<X)

(YVY)

(Y YY )

CZZZl

914.7

342.2

■1 .E+03

2.E+06

1 .F+

5.F+

2.1F+

100,

10<

20.

30,

.15

1 .E4



TABLE XXV (continued)
145

ENERGY(6-9)
**

05

iT[NOR( 1,1-6) ,
i.iIN0R(2,l-6)

NEQ(1-9,1)

3.-+04 -8.E+05 5.9F +
1.E+05

0  1 1  1 1  5 0  1

1  1 1  14

1  2 3  4 5  6 7  8

9

INPUT DATA EOR THE EQPl, MIXER SUBROUTINE

Ni,iIX,iviAXIN

,IN(1) ,NSn<-(l),
NM(2),...,NSLiil(2)

0  15 16NADIAB( 1), NSEM( 1-4,])

NADIAB (7) , NSEi,l( 1-^) 1 7

DPiu(l-2)

INPUT DATA EOR TilE EQP2, SEPARATOR SUBROUTINE

NSEP,MAXOUT

-10.

8  10

-2.5

14

3  12

NS(1) ,NI.iiLX(l) ,NSES
(1),...,NSES(4)

NADIAB(3)

NSLS(1-3,1)

DPSEP(1,1)...,
ERACT(l,l,l-5j

3

9

-5.

• 5

2

2

5

13

5

12.

.5

.1

.951

>05



TABLE XXV (continued)
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DPSEP(2,1),
ER/iCT(l,2,l-5) • 4

-1 •

• 49

• <;

0.

• 75

I)PSEP(3,1),...,
ERACT(1,3,1"5)

20 •

• !

13.

• 01

0«

.05

• 2

NAI)IAB(5) 1

NSLS(l-2,2) 8 9

DPSEP(1,2),...,
PRACT(2,1,1-5)

-2.5

.6

15.

• 5

0. • 01

DPSEP(2,2),...,
ERACT(2,2,l-5)

-10.

• 4

-3.1

• 5

1 •

0.

• 99

NADIAB(6) 1

NSLS(l-2,3) 10 1 1

JDPSEP(1,3)
PRACT(3,1,1-5)

-.5

• 88

20,

• 75

0.

• 995

• 75

DPSEP(2,3)
PRACT(3,2,l-5)

-22.

• 12

-9.

• 25

1 •

• OOE

• 25

NADIAB(9) 1

WSLS(l-2,4) 14 18

DPSEP(1,4),...,
ERACT(4,1,1-5)

-1 •

• 9

37,

1 •

0.

1 •

• 95

DPSEP(2,4),...,
PEACT(4,2,l-5)

-31 •

• 1

-8.2

0.

1 •

0.

• 05



TABLE IXY (continued) 147

INPUT DATA FOR THE EQP3, REACTOR SUBROUTINE

NRCT, I4AXRXN i 2

NR(1),INK1(1)jNOUTR 2
(1),NRXN(1)

DPR(l) ^43,

NADIAB(2) 1

RXNK(1,1) 1 ,

ALPHA(l,i,i-5) 1.ee -3«9

RX1^K(1,2)

alpha(1,2,1-5)

HPM(l-4) lj,E+05 -2,E+03
5E+04 t.eE+OA

HFM(5)

PMC(1-2) .95

INPUT DATA FOR THE EQP4, HEAT EXCHANGER SUBR.

1 *68

0.

• 01

■••2

•2.

-2,

NHE 2

INHE(1,1),N0UTHEC1^,
INiPE(2,l) . .NH(2)

3  7
17 8

4  6 4  1 1 13 12

DIH( 1-2,1) ,DPHC]r-^) -10. -20. -2. -4.



TABLE ZXV (continued)
148

NADIAB(4)

NADIAB(8)

ILis data is for the original eq^uipment sequence, 1-9.

**

These sets of data were originally read on a 5E14.6

format, hut this has since been changed to a 5E15,6 format

for coding purposes.



TABLE XXVI

THE INPUT DATA FOR FIND, SECONTD RECYCLE PROCESS^

149

I, J, HC, KS,. . . , iiU

IDENT(l-ll)

IET(l-9)

CONCRI

MAXPAS

**

VALUES(1,1-5)
**

VALUES(1,6)
**

VALUES(2,1-5)

VALUES(2,6)
**

VALUES(3,1-5)
**

VALUES(3,6)
**

VALUES(4,1-5)
**

VALUES(4,6)
**

VALUES(5,1-5)
**

VALUES(5,6)
**

9  li

0  1

TES1

ESS LNK

1

2

1,E-08

200

0« 13945'

05 0«139''< 5

0«69725(' E+05

-1

06

-1.00001

-1

06

-1.00001

-1 .

06

-1.00001

06

0.

•1 .00001

5

1

OF FIND

+05 0.1

OE+05 0.

jE+06
l.E+06

E+06

JE+06
1.E+06

:+06

E+06

1.E+06

E+06

E+00

1.E+06

:+06

2

5

SECOND RE

9450E+05

139450E+03

■1 .E+06

-1 .E+061

•1 .E+06
-1 .E+061

• 1.E+06

O.E+OC

•1 .E+06
-1.E+06

CYCLE PROC

0.139450E+

-1 .E +

-1 .F+

-1 .E+

-1 .E +
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VALUES(6,1-5)
**

VALUES(6,6)
**

VALUES(7,1-5)

VALUES(7,6)
**

VALUES(8,1-5)
**

VALUES(8,6)
**

VALUES(9,1-5)
**

VALUES(9,6)
**

VALUES(10,l-5t*

VALUES(10,6)

VALUES(11,1-5)
**

VALUES(11,6)
**

VALUES(12,1-5)

VALUES(12,6r

VALUES(l3,l-5)

**

**

06

-1

■1 .0000

-1
06

-1,0000

06

•)E+06
1.£+06

?+06

r-f06

1•E+06

&+06

E+OO

1•E+06

-1.00001

06

-1.0000

06

-1.00001

-1
06

-1.00001

-1

06

-1.00001

06

e:+06

E+06
1.E+06

E+06

JE+00
1 .E+06

E+06

E+06
1.E+06

E+06

E+06

.E+06

+06

-1.E+06
iE+06

-1.E+06
-1.E+06

-1.E+06

-1 .E+oei

■1 ♦E+06
*1 .E+061

•1 .E+06
O.E+00

■1 .E+06
-1.E+06

■1 .E+06

-1 .E+06J

'1 #£+06
-1.E+06

•1 ♦E+06
-1♦E+06

-1 ♦E+

-1 •£+

-1 ♦E-f

-1 ♦E-t

-1 ♦E4

-1 ♦E^

-1 ♦E^

-1 ♦E^
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VALUES(13,6)
**

VALUES(14,1-5)
**

VALUES(14,6)
**

VALUES(15,1-5)
**

VALUES(15,6)
**

VALUES(16,1-5)
**

VALUES(16,6)
**

EIV£RGY(l-5)
**

-1.00001

06

-1.00001

1

04 6

5.269

03

0,

2.1

NA1aE(1,1-4) ,COMiiIW
(1),...,COiiJHV(l)

NAfiIE(2,l-4) ,COMdW
(2),...,C0MiV(2)

NAl.'IE(3,l-4) ,COivIliiW
(3),...,C01VIHV(3)

NAiiE(4,l-4) ,COiaiW
(4),...,C0i4HV(4)

NAi.jE(5,l-4) ,COLaiW
(5),. ..,G0iyiHV(5)

ST(15),SP(15)

ST(16),SP(16)

COMP,

.75

COMP.

.90

COMP.

.95

COMP.

.80

COMP.

.99

04

:+06

?4-00

1.E+06

E+06

p+01

7E+02

^+04

"+00

■).E+00

"+03

-1000
1000.

<-2000
800.

•427
750,

Xh954
500.

■1
880.

1967.

B72.

-+00

1.E+04

( I

•1 .E+06

-1.E+06

2.E+03
1.E+01

O.E+00
O.E+00

! ! )

(XXX )

(VXYl

(YYY )

(7ZZ)

914.7

342.2

•1 .E+03
2.E+06

-1 .E4

5.E-f

2.1F4

100.

10.

20.

30.

15

1 .E +



TABLE XKVI (continued)
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ENERGY(6-9) 3.

05

E+04

1 #E+05

-8.E+05 5.9E+

MINOR(1,1-6) 1  1 1  1 1  1

NEQ(1-9,1) 2  3

1

4  5 6  7 8  9

All of the data required "by the equipment subroutines

v/ill be identical to that presented in Table XXV.

*

This set of input data is for the improved sequence of

the second recycle process, 2-9,1.

These sets of data were originally read on a 5E14.6

format, but this has since been changed to a 5E15.6 format

for coding purposes.



153
TABLE IXVll

THE OUTPUT OE THE FIND PROGRAIu , SECONI) RECYCLE PROCESS

TEST OF FIND SECOND RECYCLE PROCESS LNK

STREAM !♦ FLOW 0»629382E 05 LBS. PER HOUR. 976.0 F DEG..

528.4 PSIA. 0.580913E 08 BTU PER HR.
MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES
COMP.

COMP.

COMP.

COMP.

COMP.

STREAM

485.4

X-1000

X-2000

X-427

X-954

2. FLOW

PSIA. 0,

(III)

(XXX)

(YYY )

(YYY)

(ZZZ)

0.629385E

5B3289E 08

0.158886E-03

0.506703E-01

0.937615E 00

0.1138B9E-01

0.167246E-03

05 LBS. PER HOUR.

BTU PER HR.

O.IOOOOOE

0.318909E

0.590117E

0.7167975

0.105262E

02

04

05

03

02

980.3 F DEG..

MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES
COMP.

COMP.

COMP.

COMP.

COMP.

STREAM

480.4 PSIA.

MASS FRACTION

X-1000

X-2000

X-427

X-954

Z-1

3. FLOW

(HI)

(XXX )

(YYY )

(YYY )

(ZZZ)

0.299810E

0.282034E 08

0.282498E-02

0.5020 IBE-i-Ol

0.936371E 00

0.1043555-01

0.1671985-03

05 LBS. PER HOUR.

BTU PER HR.

0.177800E

0.3159595

0.5893375

0.6567975

0.1052325

03

04

05

03

02

992.3 F DEG..

STREAM COMPOSITIONS AND COMPONENT FLOW RATES
COMP.

COMP.

COMP.

COMP.

COMP.

STREAM

446.4 PSIA.

MASS FRACTION

X-]000

X-2000

X-427

X-954

Z-1

4. FLOW

(III)

(XXX)

(YYY)

(YYY)

(ZZZ)

0.264250E

0.593042E-03

0.5269325-02

0.982851E 00

0.109535E-01

0.333444E-03

05 LBS. PER HOUR.

0.243900E 08 BTU PER HR.

STREAM COMPOSITIONS AND COMPONENT FLOW RATES

0.177800E

0.I 579805

0.294669E

0.3283985

0.9997005

0

979.3 F DEG.

2

03

05

03

01

.

COMP.

COMP.

COMP.

COMP.

COMP.

STREAM

505.4 PSIA.

MASS FRACTION

X-1000

X-2000

X-427

X-954

Z-1
5. FLOW

(III)

(XXX)

(YYY )

(YYY)

(ZZZ)

0.653239E

0.6055625-02

0.8967615-01

0.8920895 00

0.1217905-01

0 .

04 LBS. PER HOUR.

0.6131975 07 BTU PER HR.
STREAM COMPOSITIONS AND COMPONENT FLOW RATES

0.1600205 03

0.2369695 04

0.2357355 05

0.3218305 03

0.

993.3 F DEG..

COMP.

COMP.

COMP.

COMP.

COMP.

STREAM

444.4 PSIA.

MASS Ff^ACTlON

X-1000

X-2000

X-427

X-954

Z-1

6. FLOW

(III)

(XXX)

(YYY)

(YYY)

(ZZZ)

0.2642505

0.

0.9673625-01

0.902178E 00

0.1005455-02

0.8054605-04

05 LBS. PER HOUR.

0.2438005 08 BTU PER HR.
stream COMPOSITIONS AND COMPONENT FLOW RATES

0.

0.631919E 03

0.5893375 04

0.656797E 01

0.5261585 00

978.9 5 DEG..

COMP. X-1000 (1 ! I ) 0.6055625-02 0.1600205 03



Table XXVII (continued)
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COMP# X-2000 (XXX)

COMP. X-427 (YYY)

COMP. X-954 (YYY)

COMP. Z-1 (ZZZ)

STREAM 7. FLOW 0.299810E

470.4 PSIA. 0.282134E 08

MASS FRACTION STREAM COMPOS

COMP. X-IOOO (III)

COMP. X-2000 (XXX)

COMP. X-427 (YYY)

COMP. X-954 (YYY)

COMP. Z-1 (ZZZ)

stream 8. FLOW 0.I43287E

441.9 PSIA. 0.135043E 08

MASS FRACTION STREAM COMPOS

COMP. X-IOOO (III)

COMP. X-2000 (XXX)

COMP. X-427 (YYY)

COMP. X-954 (YYY)

COMP. Z-1 (ZZZ)

STREAM 9. FLOW 0.120963E

434.4 PSIA. 0.110444E 08

MASS FRACTION STREAM COMPOS

COMP. X-1000 (III)

COMP. X-2000 (XXX)

COMP. X-427 (YYY)

COMP. X-954 (YYY)

COMP. Z-1 (ZZZ)

STREAM 10. FLOW 0.101781E

433.9 PSIA. 3.952308E 07

MASS FRACTION STREAM COMPOS

COMP. X-1000 (III)

COMP. X-2000 (XXX)

COMP. X-427 (YYY)

COMP. X-954 (YYY)

COMP. Z-1 (ZZZ)

STREAM 11, FLOW 0.191828E

412.4 PSIA, 0.169676E 07

MASS FRACTION STREAM COMPOS

COMP. X-1000 (III)

COMP. X-2000 (XXX)

COMP. X-427 (YYY)

COMP. X-954 (YYY)

COMP. Z-1 (ZZZ)

STREAM 12. FLOW 0.544878E

0.896761E-01

0.892089E 00

0.121790E-01

0.

0.236969E 04

0.235735E 05

0.321830E 03

0.

05 LBS. PER HOUR. 992.7 F DFG..

BTU PER NR.

ITIONS AND COMPONENT FLOW RATES

0.593042E-03 0.177800E 02

0.526932E-02 0.157980E 03

0.982851E 00 0.294669E 05

0.109535E-01 0.328398E 03

0.333444E-03 0.999700E 01

05 LBS. PER HOUR. 993.9 F DEG..

BTU PER HR.

ITIONS AND COMPONENT FLOW RATES

0. 0.

0.16538lE-02 0.236969F 02

0.987116E 00 0.141441E 05

0.112303E-01 0.160915E 03

0 . 0 .

05 LBS. PER HOUR. 975.8 F DEG..

BTU PER HR.

ITIONS AND COMPONENT FLOW RATES

0.132288E-01 0.160020E 03

0.193943E 00 0.234600E 04

0.779525E 00 0.942940E 04

0.133028E-01 0.160915E 03

0 . 0 .

05 LBS. PER HOUR. 995*8 F DEG..

BTU PER HR.

ITIONS and COMPONENT FLOW RATES

0 . 0 .

0.172872E 00 0.175950E 04

0.815271E 00 0.829787E 04

0.118575E-01 0.120686E 03

0. 0.

04 LBS. PER hour. 966.8 F DEG..

BTU PER HR.

ITIONS AND COMPONENT FLOW RATES

0.834186E-01 0.160020E 03

0.305743E 00 0.586499E 03

0.589867E 00 0.113153E 04

0.209713E-01 0.402288E 02

0 . 0 .

05 LBS. PER HOUR. 978.1 F DEG..
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446«3 PSIA* 0*504408E 08 BTU PER HR.
MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES
COMP,

COMP*

COMP,

COMP»

COMP.

STREAM

392,4 PSIA»

MASS FRACTION

X-1000

X-2000

X-427

X-RSA

Z-1

13* FLOW

(III)

(XXX )

(YYY)

(YYY)

(ZZZ)

0,191828E

0,326312E-03

0,356259E-01

0.952669E 00

0.1 I1952E-01

0,183472E-03

0,177800F

0•194117E

0,519088E

0.610000E

0,999700E

02

04

05

03

01

0,228676E 07

04 LBS.

BTU PER

PER

HR.

HOUR.1303.0 F DEG.

COMP.

COMP.

COMP.

COMP.

COMP.

STREAM

391.4 PSIA.

MASS FRACTION

COMP. X-1000

X-1000

X-2000

X-427

X-954

Z-1

14. FL

STREAM COMPOSITIONS AND COMPONENT FLOW RATES

OW

(III)

(XXX )

(YYY)

(YYY )

(ZZZ)

0.161578E

0»834186E-01

0.305743E 00

0.589867E 00

0.209713E-01

0.

0«160020E

0.586499E

0.113153E

0.402288E

0.

03

03

04

02

04 lbs. PER HOUR.1340.0 F DEG. ^

0.201147E 07 BTU PER HR.
STREAM COMPOSITIONS AND COMPONENT FLOW RATES

COMP.

COMP.

COMP.

COMP.

STREAM

914.7 PSIA.

MASS FRACTION

X-2000

X-427

X-954

Z-1

15. FLOW

(III)

(XXX )

(YYY )

(YYY )

(ZZZ)

0.526900E

0.

0.344833E 00

0.630269E 00

0.248975E-01

0.

05 LBS. PER HOUR.

0.482082E 08 BTU PER HR.
STREAM COMPOSITIONS AND COMPONENT

0.

0.557174E 03

0.101838E 04

0.402288E 02

0.

967.0 F DEG..

FLOW RATES
COMP.

COMP.

COMP.

COMP.

COMP.

STREAM

342.2 PSIA.

MASS FRACTION

X-1000

X-2000

X-427

X-954

Z-1

16. FLOW

(III)

(XXX )

(YYY )

(YYY)

(ZZZ )

0.210000E

0. 189789E-03

0.379579E-01

0.948947E 00

0.127159E-01

0.I89789E-03

04 LBS. PER HOUR.

0.173964E 07 BTU PER HR.
STREAM COMPOSITIONS AND COMPONENT FLOW RATES

O.IOOOOOE 02

0.200000E 04

0.500000E 05

0.670000E 03

O.IOOOOOE 02

872.0 F DEG..

COMP.

COMP.

COMP.

COMP.

COMP.

STREAM

442.3

X-1000

x-2000

X-427

X-954

Z-1

17. FLOW

PSIA. Oi

(III)

(XXX)

(YYY )

(YYY)

(ZZZ)

0.544878E

498508E 08

0.

0 .

O.IOOOOOE 01

0.

0.

05 LBS. PER HOUR.

BTU PER HR.

0.

0.

0«210000E 04

0«

0.

966.6 F DEG..

MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES
COMP. X-1000 (III) 0.326312E-03 0.177800E 02
COMP. X-2000 (XXX) 0.356259E-01 0.194117E 04
COMP. X-427 (YYY) 0.952669E OO 0.519088E 05
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COMP. X-954 (YYY)

COMP. Z-1 (Z2Z)

STREAM 18* FLC'tf 0.302498E

361#4 PSIA. 0.328753E 06

©•111952E-01 0.610000E 03

0.183472E-03 0«999700E 01

03 LBS. PER HOUR.1294.8 F DEC..

BTU PER NR.

MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES

COMP.

COMP.

COMP.

COMP.

COMP.

HEAT

HEAT

heat

HEAT

HEAT

HEAT

HEAT

HEAT

HEAT

X-1000

X-20no

X-427

X-954

Z-1

BALANCE

BALANCE

BALANCE

BALANCE

BALANCE

BALANCE

BALANCE

BALANCE

BALANCE

O

COMP.

COMP. PER CENT

COMP. X-2000

COMP. PER CENT

COMP. X-427

COMP. PER CENT

COMP. X-954

COMP. PER CENT

COMP. Z-1

COMP. PER CENT

N

ON

ON

ON

ON

ON

ON

ON

ON

COMPONENT

X-1000 (III)

(III)

(XXX)

(YYY )

(YYY)

(ZZZ)

EQUIPMENT

EQUIPMENT

equipment

EQUIPMENT

EQUIPMENT

EQUIPMENT

EQUIPMENT

EQUIPMENT

EQUIPMENT

NO

NO

NO

NO

NO

NO

NO

NO

NO

0.528996E 00

0.969428E-01

0.374062E 00

0.

0.

1 WAS 0.

0.160020E

0.293250E

0.113I53E

0.

2 WAS -O.IOOOOOOOE

3 WAS 0.39640466E

4 WAS -O.IOOOOOOOE

5 WAS 0.16871783E

6 WAS 0.17546635E

7 WAS -0.79999999E

8 WAS 0.59000noOE

9 WAS 0.53458523E

TOTAL IN

O.IOOOOOE 02

CHANGE 1677.999999

(XXX) 0.200000E 04

CHANGE -1.4750000

(YYY) 0.5210O0E 05

CHANGE -0.149700

(YYY) 0.670000E 03

CHANGE -8.955200

(ZZZ) O.IOOOOOE 02

CHANGE -0.030000

ENTIRE SYSTEM BALANCE 0.547900E 05

PROCESS ERROR 0.000500 PCT.

03

02

03

BTU

04 BTU

06 BTU

05 BTU

06 BTU

06 BTU

06 BTU

06 BTU

05 BTU

TOTAL OUT

0.177800E 03

0.197050E 04

0.52022OE 05

0.610000E 03

0.999700E 01

0.547903E 05

This output listing applies to both equipment sequence

sets of data for the BIICD program system.
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NiCLKJI

I,J,XC,KS,...,NTYPE

IDENT(l-ll)

CONCRI
*

LRCMK

mXPAS

*

VALUES(1,1-5)
**

VALUES(1,6)
**

VALUES(2,1-5)
**

VALUES(2,6)
**

VALUES(3,1-5)
**

VALUES(3,6)
**

VALUES(4,l-5)
**

VALUES(4,6)
**

VALUES(5,1-5)
**

9  14

0  0

TEST

SYSTEMS A-OK LNK

--06

1000

-1

06

-1•00001

-1

06

-1#00001

-1

06

-1#00001

-1

06

-1#00001

06

5  -

0

OF LARGE

F+06

1 #E+06

r+06

#fe:+06
1#E+06

^+06

E+00

1#E+06

-+06

^+06

1#E+06

=:+06

E+00

.E+06

F?ECYCLE PR

-1#E+06

-1#E+06

■1 .£+06

-1#E+06

-1#E+06

-1 #E+06

-1#E+06

0#E+00

-1#E+06

-1#E+06

3CESS ALL

-1 #E+

-1 #E+

-1 #E+

-1 #E+

-1 #E+
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VALUES(5,6)
**

VALUES(6,1-5)
**

VALUES(6,6)
**

VALUES(7,1-5)
**

VALUES(7,6)
**

VALUES(8,1-5)

VALUES(8,6)

VALUES(9,l-5)

**

**

VALUES(9,6)
**

VALUES(10,1-5)
**

VALUTAS (10,6)
**

VALUES(11,1-5)
**

VALUES(11,6)
**

VALUES(12,1-5)
»*

VALUES(12,6)
**

<-1 .00001

-1
06

4E+06
1.E+oe

-1.00001

-1

06

-1.0000!

06

-1.00001

-1

06

-1.00001

06

-1.00001E+06

-1

06

-1.00001

-1

06

-1.00001

:+06

"+06

e:+06

1 .E+06

E+06

E+00
1 .E+06

E+06

E+06
1 .E+06

+06

O.E+00
1.E+06

jE+00
1 .E+06

E+06

E+00
1.E+06

E+06

-1.E+06

-1•E+06

-1.E+06

-1.E+06

-1.E+06

-1.E+06

-1.E+06

O.E+00

-1.E+06

-1 .E+061

-1.E+06

-1 .E+061

-1.E+06

-1.E+oe

-1 .E-t

-1.E+

-1 .E4

-1 .E^

-1 .E-f

-1 .E4

-1 .E+
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VALUES(13,1-5)
**

VALUES (13-; 6)
**

VALUES(l4,l-5)

VALUES(14,6)

VALUES(15^1-5)

**

**

VALUES(15,6)
**

VALUES(16,1-5)
**

VALUES(16,6)
**

-1

06

Je+oo
1•E+06

06

04

'1 .00001

0.

'1 .00001

1 .

6

5.269

03

NAi.iE(l,l-4) ,COI«
(l),...,COivIHV(l)

NAi.E(2,l-4) ,COMW
(l),...,COiyIHV(l)

UAME(3,l-4) ,C0IdM¥7
(3) ,,..,C0Ivffi[V(3)

MiiE(4,l-4),C0MlffiV
(4),»..,C0IvIHV(4)

UAi.ffi(5,l-4),COMaV
(5),...,COiIHV(5)

NEQ(1-9,1)

JET(1-9)

2.1

COMP.

.75

COMP.

.90

COMP.

.95

COMP.

.80

COMP.

.99

1

9

1

2

E+06

E+00

1.E+06

-+06

***
E+01

»7E+02

E+OA
+ ***

E+00

t.E+00

:+03

-1000

1000.

-2000

800.

h427
750.

■954

500.

-1
880.

(I

(X

-1.E+06
-1.E+06

•1 .E+06
'-I .E+06

2.E+03
1.E+01
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(YYY)

(VYY )

(Z22)
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2.1E+
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30,

15,
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TABLE XZVIII (continued)
161

NP(8,15-18) 0 0 -1 0

NP(9,1-14) 0 0 0 0 0  C 0  n

0 0 0 0 1  -1

NP(9,15-18) 0 0 0 -1

NP(1G,1-14) 5 5 5 4 4  4 4  4

4 4 5 -5 5  4

ST(15),SP(15) ?67. 914.7

ST(16),SP(16) 372. 342.2

ENERGY(l-5) 0.E+00 -1.E+03 1 .E+

04 -1•E+04 2.E+06

ENERGY(6-9) 3.~+04 -8.E+05 5.9E+

05 1.E+OS

INPUT DATA PGR THE EQPl, IvHXER SUBROTUINE

NLEEXjMXIN 2 4

HM(1) ,IN(1),NSLM0),
...,NSLi;i(2)

NADIAB( 1) , NSEM( 14^

NALIABC 7) , NSEM( 1-]^

DPm(1-2)

0  15

-10,

16 5

8  10

-2»5

3  12

14

INPUT DATA PGR THE EQP2, SEPARATGR SUBRGUTINE

(next page)



TABLE XXYIII (continued)
162

NSEPjMXOUT 4 3

NS(1),NMAX(1),NSES
(1),...,NSES(4)

3

9

3

9

2

2

5

13

2  6 6  2

NADIAB(3) 1

NSLS(1-3,1) 3 4 5

DTSEP(1,1),o.
PRACT(l,l,l-5)

-5.

•5

12^

• 9

• 1

• 95

• 05

I}TSEP(2,1),...,
PRACT(1,2,1-5)

-39.

• 4

-1 •

• 01

• 9

0^

• 75

I)TSEPf3,l),...,
PRACT(1,3,1-5)

20 •

• 1

13^

• og
0^

• 05

• 2

NAI)IAB(5) 1

NSLS(1-2,2) 8 9

DTSEP(1,2),...,
PRACT(2,l,l-5)

-2«5

• 6

15^

• 95

0^

1 •

• 01

DTSEP(2,2),...,
PRACT(2,2,1-5)

-10.

• 4

-3^1

• 05

1 •

0.

• 99

NALIAB(6) 1

NSLS(l-2,3) 10 1 1

LTSEP(1,3)
PRACT(3,1,1-5)

-.5

• 88

20 •

• 99

0^

• 995

• 75

DTSEP(2,3),...,
PRAGT(3,2,1-5)

-22 •

• 12

-9^

• 01

1 •

• 005

• 25



TABLE XXVIII (continued)
163

NADIAB(g)

KSLS(l-2,4)

DTSEP(1,4),...,
BRACT(4,1,1-5)

DTSEP(2,4),...,
PRA.CT(4,2,l-5)

14 18

-1 •

• 9

"31 •

• 1

37,

1 •

-8.2

0.

0.

1 •

1 •

0

INPUT DATA PGR THE EQP3, REACTOR SUBROUTIlffi

NRCT,mXRXN 1 2

NR(1),INFX(1),NOUTR 2
(1),NRXN(l)

DPR(l)

NADIAB(2)

KiNK(l,l)

ALPHAd, 1,1-5)

RX1FK(1,2)

ALPHA(1,2,1-5)

HPM(l-4)

HEM(5)

-43,

10.

1 *68

0,

"•2

■2.

5E+04
E+05

1•6E+04

.E+03

-3 #9

Oi

-2.E+03

>95

>05

-2.

-2.



TABLE ZZVIII (continued)
164

PMC(l-2) .95

INPUT DATA PGR THE EQP4, HEAT EXCHANGER SUBR.

NHE 2

INHE( 1,1), N0TTTHECU\
...,NOUTHE^^),NH(^

3  7

17 8

4  6 4  1 1 13 12

DPH(1-2,1),DPH(l-2,^ -10. -20. -2. -4.

NADIAB(4) 1

NADIAB(8) 1

This set of data is for tHe original eq.uipment sequence

of 1-9.

**

These sets of data v/ere originally read on a 5E14.6

format, but this Has since been changed to a 5E15.6 format

for coding purposes.

***

The correct value of VALUES(l5,l) is I.E+03.

****

The correct value of VALUE£(i5,6) is 5.368E+04,



TABLE ZXIX

TiiE OUTPUT OP TilE MAEBE PROGRAM, SECOID RECYCLE PROCESS

165

TEST OF MAEBE SECOND RECYCLE PROCESS A-OK LNK
STREAM 1, FLO'.« 0.637770E 05 LBS. PER HOUR# 974.8 F DEG.#
528.4 PSIA# 0.586121E 08 BTU PER MR.

MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES
COMP.

COMP.

COMP.

COMP.

COMP.

STREAM

485.4 PSIA#

MASS FRACTION

X-1000

X-20C0

X~427

X-954

Z-1

2# FLOW

(III)

(XXX)

(YYV)

(YYY)

(22Z)

0.637770E

0.156796E-01

0.487139E-01

0.924466E 00

0.109833E-01

0.157584E-03

O.IOOOOOE

0.310683E

0.589596E

0.700482E

0.100503E

04

04

05

03

02
05 LBS. PER HOUR#1000.9 F DEG..

0.600444E 08 BTU PER HR.
STREAM COMPOSITIONS AND COMPONENT FLOW RATES

COMP.

COMP.

COMP.

COMP.

COMP.

STREAM

480.4 PSIA#

MASS FRACTION

X-IOOO

X--20C0

X-427

X-954

2-1

3# FLOV/

(III)

(XXX)

(YYY)

(YYY)

(222)

0.298981E

0.314696E-01

0.461138E-01

0.917091E 00

0.531027E-02

0.157584E-04

0.200704E

0.2941OOE

0.584893E

0.338673E

0.100503E

04

04

05

03

01

05 LBS. PER HOUR#1012.9 F DEG.#

0.286760E 08 BTU PER HR.

STREAM COMPOSITIONS AND COMPONENT FLOW RATES

COMP.

COMP.

COMP.

COMP.

COMP.

StREAM

446.4 PSIA#

MASS FRACTION

X-1000

X-2000

X-427

X-954

2-1

4« FLOW

(III)

(XXX )

(YYY)

(YYY)

(222)

0.274112E

0.671291E-02

0.491836E-02

0.978142E 00

0.101948E-01

0.319342E-04

05 LBS. PER HOUR#

0.255666E 08 BTU PER HR.

STREAM COMPOSITIONS AND COMPONENT

9

0.200703E

0.147050E

n.292446E

0.304806E

0.954774E

03

03

05

03

00

99.9 F DEG.#

FLOW RATES

COMP.

COMP.

COMP.

COMP.

COMP.

STREAM

505.4 PSIA #

MASS FRACTION

X-1000

X-2000

X-427

X-954

2-1

5# FLOW

(III)

(XXX )

(YYY)

(YYY)

(222)

0.646766E

0.658976E-01

0,804689E-0I

0.853510E 00

0.123553E-03

0.

0.180633E

0.220575E

0.233957E

0.338673E

0.

04

04

05

01

04 LBS. PER HOUR#1013.9 F DEG.>

0,619538E 07 BTU PER HR.

STREAM COMPOSITIONS AND COMPONENT FLOW RATES

COMP.

COMP.

COMP.

COMP.

COMP.

STREAM,
444.4 PSIA#

MASS FRACTION

X-1000

X-2000

X-427

X-954

2-1

6# FLOW

(III)

(XXX)

(YYY )

(YYY )

(222)

0.274112E

0 .

0.909447E-01

0.904335E 00

0.471277E-02

0.776962E-05

05 LBS. PER HOUR#

0.255566E 08 BTU PER HR.

STREAM COMPOSITIONS AND COMPONENT FLOW RATES

0.

0.588199E 03

0.584893E 04

0.304806E 02

0.502513E-01

999.5 F DEG.#

COMP. X-1000 (III) 0.658976E-01 0.180633E 04



TABLE ZXIZ (continued)
166

COMP,

COMP.

COMP.

COMP.

STREAM

470.4

X-2000

X-427

X-954

Z-1

7* FLOW

PSIA»

(XXX)

(YYY )

(YYY)

(ZZZ)

0.298981E

0.804689E-01

0.8535I0E 00

0.123553E-03

0.

0.220575E 04

0.233957E 05

0.338673E 01

0.

05 LBS. PER HOUR*1013.3 F DEG.♦
0.286860E 06 BTU PER HR.

MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES
COMP.

COMP.
COMP.

COMP.

COMP.
STREAM

441 .9

X-IOOO

X-2000
X-427
X-954

Z-1

8« FLOW
PSIA*

(III)

(XXX)

(YYY )

(YYY)

(ZZZ)

0.140627E

0.671291E-02

0.491836E-02

0.978142E 00

0.101948E-01
0.319342E-04

0.200703E
0. 147050E

0.292446E

0.304806E
0.954774E

03

03

05
03

00
05 LBS. PER HOUR*1014.5 F DEG.>

0.135521E 08 BTU PER HR.
MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES

COMP.

COMP.
COMP.

COMP.

COMP.
STREAM

434.4 PSIA*
MASS FRACTION

X-1000

X-2000
X-427
X-954
Z-1

9* FLOW

(III)
(XXX)
(YYY )
(YYY)
(ZZZ)
0.133485E

0.121670E 08

0*

0.156851E-02
0.998203E 00
0.228789E-03
0 .

05 LBS. PER hour*
BTU PER HR.

0*

0.220575E 02
0.140374E 05
0.321740E 01
0.

996.4 F DEG.*

COMP.
COMP.

COMP.
COMP.

COMP.
STREAM
433.9 PSIA*

MASS FRACTION

X-1000

X-2000
X-427

X-954
Z-1
10 * FLOW

STREAM COMPOSITIONS AND COMPONENT FLOW PATES
(III)
(XXX)
(YYY )
(YYY )
(ZZZ)
0.9a7322E

0.135321E on
0.16359IE on
0.701075E 00
0.126858E-04
0.

n.l80633E
0.218369E
0.935828E
0.169337E
0.

04
04
04

00

04 LBS.
BTU PER0.945045E 07

STREAM COMPOSITIONS AND

PER
HR.

HOUR*1016.4 F DEG.*

COMP.
COMP.
COMP.

COMP.

COMP.
STREAM
412.4 PSIA*

MASS FRACTION

X-1000
X-2000
X-427

X-954

Z-1
11 * FLOW

(III)
(XXX )
(YYY )

(YYY )

(ZZZ)
0.347525E

0,
COMPONENT FLOW

0.
RATES

0.287632E 07

0.165880E 00
0.834103E 00
0.169796E-04

0 .
04 LBS. PER HOUR*
BTU PER HR.

0.163777E 04
0.823529E 04

0.167643E 00

0.

987.4 F DEG.*

STREAM COMPOSITIONS AND COMPONENT FLOW RATES
COMP.
COMP.

COMP.

COMP.
COMP.

STREAM

X-1000

X-2000
X-427
X-954

Z-1

12* FLOW

(III)
(XXX )
(YYY )
(YYY)
(ZZZ)

0.538341E

0.519770E on
0.157089E 00
0.323140E 00
0.487265E-06
0.

05 LBS. PER HOUR*

0.180633E 04
0.545922E 03
0.112299E 04
0.169337E-02
0.

998.5 F DEG.*



TABLE XXIX (con-fcimed)
167

446.3 PSIAt

MASS FRACTION

COMP.

COMP.

COMP.

COMP#

COMP#

STREAM

392#4 PSIA»

MASS FRACTION

X-1000

X-2000

X-427

X~954

Z-1

13. FLOW

0#508886F 08 BTU PER HR.
STREAM COMPOSITIONS AND COMPONENT FLOW RATES

(III)

(XXX)

( YYY )

(YYY )

(ZZZ)

0#347525E

0#372819E-02

0#335638E-01

0.956965E 00

0#572483E-02

0.177355E-04

0#200703E 03

0#180687E 04

0#515t73E 05

0.308191E 03

0#954774E 00

0,346632E 07

04 LBS#

BTU PER

PER

HR#

HOUR«1190#0 F DEG#«

COMP#

COMP#

COMP#

COMP#

COMP#

STREAM

391#4 PSIA.

MASS FRACTION

X-1000

x-2000

X-427

X-954

Z-1

14. FLOW

STREAM COMPOSITIONS AND COMPONENT FLOW RATES
(III)

(XXX)

(YYY )

(YYY)

(ZZZ)

0 #152932E

0,519770E 00

0#157089E 00

0.323140E 00

0.487265E-06

0#

0#180633E 04

0#545922E 03

0#112299E 04

0#169337E-02

0#

0#175081E 07

04 LBS#

BTU PER

PER

HR#

H0UR.1227#0 F DE6<

STREAM COMPOSITIONS AND

COMP#

COMP#

COMP#

COMP#

COMP,

STREAM

-914#7 PSIA.

MASS FRACTION

X-1000

X-2000

X-427

X-954

Z-1

15. FLOW

(III)

(XXX)

(YYY)

(YYY)

(ZZZ)

(^#536800E
0#489262E 08

0#

0#339122E 00

0#660877E 00

0#110727E-05

■

05 LBS# PER HOUR.

BTU PER HR#

COMPONENT FLOW

0#

RATES

0#518626E 03

0#101069E 04

0#169337E-02

0#

967#0 F DEG#.

COMP#

COMP#

COMP#

COMP#

COMP#

STREAM

342#2 ̂PSIA . '
MASS fraction

X-1000

X-2000

X-427

X-954

Z-1

16 i FLOW

STREAM COMPOSITIONS AND COMPONENT'FLOW RATES

(III)

(XXX)

( YYY )

(YYY)

(ZZZ)

0#210000E

0#173964E 07

0,186289E-01

0#372578E-01

0#931446E 00

0#124814E-01

0#186289E-03

04~LBS# PER HOUR.

BTU PER HR#

0#100000E 04

0#200000E 04

0#500000E 05

0#670000E 03

O.IOOOOOE 02

872#0F DEG#.

STREAM COMPOSITIONS AND

COMP#

COMP#

COMP#

COMP#

COMP#

stream

442#3

X-1000

x-2000

X-427

X-9S4

Z-1

17. FLOW

PSIA. 0,

(III)

(XXX)

(YYY)

(YYY)

(ZZZ)

0#538341E

502986E 08

COMPONENT FLOW RAfES

0#

04

0#

0#

O.lOOOnOE 01

(>#

05 LBS, PER.HOUR.

BTU PER HR, '
MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES
COMP, X-1000 (III) 0,3728l9E-02 0#200703E 03
COMP, X-2000 (XXX) 0,335638E-01 0#180687E

0 •

6,210000E
■  0#

0*
986#9 F DEG,.

04

COMP, X-427 (YYY ) 0,956965E 00 0#515173E 05



TABLE XXrX (continued) 168

COMP. X-954 (YYY)

COMP. 2-1 (222)

STREAM 18* FLOW 0.194593E

361.4 PSIA, 0.175612E 07

0.572483E-02 0.308191F 03
0.I77355E-04 0.954774E 00

04 LBS. PER HOUR.1181.8 F DEG.»

BTU PER HR.

MASS FRACTION STREAM COMPOSITIONS AND COMPONENT FLOW RATES

COMP.

COMP.

COMP.

COMP.

COMP.

HEAT

HEAT

HEAT

HEAT

heat

HEAT

HEAT

HEAT

HEAT

X-1000

X-2000

X-427

X-954

2-1

BALANCE

BALANCE

BALANCE

BALANCE

BALANCE

BALANCE

BALANCE

balance

BALANCE

O

COMP

COMP. PER CENT

COMP. X-2000

COMP. PER CENT

COMP. X-427

COMP. PER CENT

COMP. X-954

COMP. PER CENT

COMP. 2-1

COMP. PER CENT

N

ON

ON

ON

ON

ON

ON

ON

ON

COMPONENT

X-1000 (III)

(III)

(XXX)

(YYY )

(YYY )

(222)

EQUIPMENT

EQUIPMENT

equipment

equipment

EQUIPMENT

EQUIPMENT

EQUIPMENT

EQUIPMENT

EQUIPMENT

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

0.928263E 00

0. 140273E-01

0.5771OOE-01

0.

0.

1 WAS 0.

0.180633E

0.272961E

0.112299E

0.

0.

04

02

03

2

3

4

5

6

7

8

9

WAS

WAS

WAS

WAS

WAS

WAS

WAS

WAS

TOTAL IN

O.IOOOOOE 04

change 1677.999999

(XXX) 0.20nOOOE 04

CHANGE -1.4750000

(YYY) 0.521000E 05

CHANGE -0.149700

(YYY) 0.670000E 03

CHANGE -8.955200

(222) O.IOOOOOE 02

CHANGE -0.030000

ENTIRE SYSTEM BALANCE 0.557800E 05

PROCESS ERROR 0.000500 PCT.'

-O.IOOOOOOOE

0.39358500E

-0. lOOOOOOOE

0.162516505

0.15973662E

-0.79999999E

0.59000000E

0.4061lOOOE

BTU

04 BTU

06 BTU

05 BTU

06 BTU

06 BTU

06 BTU

06 BTU

05 BTU

TOTAL OUT

200703E 04

0.183417E 04

0.516296E 05

0.3081 IE 03

0.954774E 00

0.557800E 05
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