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1. INTRODUCTION

"Continuous Systems” is a term used by many people without really unde_rstanding what it
means. There is a relatively precise mathematical definition of the word continuous as applied to
mathematical functions. The definition can be found in almost any college freshman math text, but an
intuitive idea of continuous functions can be based upon the notion of "smoothness." Continuous,
differentiable functions are "smooth" at all points in their domain. They possess no sharp breaks, nor
do they have points where they tend to infinity. In short, this says that they have slopes everywhere;
that is to say, a tangent line can be drawn to the function everywhere. For certain special functions
that are continuous, but not differential, the slopes at the "break points" are defined by definition.
Furthermore, the slope of the tangent line is a physical representation of the derivative. This tangent
line represents the rate of change of the function with respect to the independent variable. By our res-
triction to continuous functions, this slope cannot be infinite, i.e., no tangent line can be vertical. Fig-
ure 1 shows a continuous function with tangent line at a point in the domain. Continuous systems are

described by the previously mentioned continuous functions and the slopes of the functions.

Systems described by the continuous function only are called zero-order systems and are usu-
ally rare in nature. An example of a zero-order system would be a surface rate controlled reaction.
Systems described by both the continuous function and the slope of the function are called first-order
systems. Many chemical reactions are of this type. Systems described by the continuous function, the
slope of the continuous function, and the slope of the slope of the continuous function are second-order
systems. An automobile suspension is a second-order system. It should be obvious at this point that
the order of the system is the same as the order of the derivatives or slopes. It may seem that solution
of these types of problems is difficult, since the slope of the functions must be calculated before the

calculation of the function. In reality, solutions of most of these types of problems are very easy, once




the tools of solution are learned.

Generally speaking there are three methods of solution of these continuous systems or sets of

differential equations:
1. Analytical Methods
2. Analog Methods
3. Numerical Methods

For the sake of illustration, consider a simple example. A first-order reaction in a batch reactor can be

described by the following mass balance:

Accumulation = In - Out + Reaction

v —dd£ =0-0-KCV
g M
where
v = volume of reactor (13),
C =  concentration at any time (m/ 13),
K = reaction rate constant (time'l),
dac . . .
> = first derivative of concentration with respect
to time (m/13 time).
Simplifying
’ @

This equation states that the slope of concentration function is equal to -K times the value of the con-




centration. This differential equation can very easily be solved by any of the three methods described

earlier. For this simple equation, an analytical solution is convenient. By separation of variables one

obtains:

— =~ Kdt
3)

Integrating

In C = - Kt + In(Co)
4

where In(Co) is some arbitrary constant which accounts for the initial conditions. By transposing and

recalling that subtracting logs is the same as dividing by their antilogs, one obtains:

In CL =— Kt
° (5)

Taking the exponential of both sides

'Ci — K
¢ (6)
C = Coe™*®

@)

The arbitrary constant Co is the initial value of C at t = 0. This completes the analytical solution.

The third technique and the subject of this paper is the use of numerical techniques. The heart
of any numerical technique is the integration method, which is simply an additional equation which
approximates the derivative. Recalling equation (2), it can be seen that there are two unknowns, dC/dt
and C. The integration method is the second equation which is necessary for solution. A convenient
method of obtaining this second equation is by use of a Taylor series. The simplest method of integra-

tion is Euler or rectangular integration as described by equation 8.




__tzg_ — CuarC;

dt At ®)
where
C, =  Concentration at time t
Crias = Concentration at time t + At
At = time increment or integration interval

By simultaneously solving equations 2 and 8 one obtains:;

C,+At-C
K==
&)

_AtKCt = CH'Ai;Cl
(10)

Cuar = C; —AKKC,
(11)

This equation must be solved for each time step. To illustrate the method and accuracy, the result of a

few time steps are tabulated here.




Table 1

C, t Exact
0.9500 0.05 0.9512
0.9025 0.10 0.9048
0.8574 0.15 0.8607
0.8145 0.20 0.8187
0.7738 0.25 0.7788
0.7351 0.30 0.7408
where

At = 005

K = 1.0

C, = 10att=0

The accuracy of solution depends upon the time step, At, For example, if At were chosen to be 0.2, as
in Table 2, instead of 0.05, fewer time steps would be required to reach a certain value of time, but
accuracy would be sacrificed. The user of numerical methods always has the task of deciding how
much accuracy is required and, therefore, what size integration step to use. The problem becomes

even more complicated when the selection of an integration method is also made.




Table 2

C, t Exact
1.0 0.0 1.0
0.80 0.20 0.8187
0.64 0.40 0.670
0.512 0.6 0.5488
0.4186 0.8 0.4493
0.3349 1.0 0.3678

CSMP III (Continuous System Modeling Program) is a computer program which is specifically
designed to solve differential equations with a minimum of effort on the part of the user. The user
need not know fancy numerical methods, nor must he know detailed computer programming. CSMP
I represents the most recent phase in the evolution of digital programs for solution of differential
equations. It is the most advanced simulation language program in widespread use today. Figure 3
shows the evolution of continuous system simulation languages (CSSL). CSMP/360 is only slightly

different from CSMP III and most of the descriptions here will also apply to CSMP/360.

II. BASIC STRUCTURE

CSMP III is composed of three basic segments. The segments are divided as to function, type,
and time of execution. Some segments in CSMP III are called procedural and others are called paral-
lel. A procedural segment is executed sequentially; the statements are executed in the order of appear-
ance. A parallel segment is sorted by a phase of the CSMP III program into the proper sequence of

execution. The following coding will best illustrate the differences in parallel and procedural sections.




B = A/2.
A = 100

C = 2*A

If the section were procedural the results would be

A = 10.
B = ? (unidentified since A was undefined when B was calculated)
C = 20.

If the section were a parallel section, the sequence of statements would be rearranged by a section of

the CSMP III program to the following

A = 100 A = 100
B = A/2. or C = 2*A
C = 2.*%A B = A/2.

The results would be:

A = 10.
B = 5.
C = 20.

As mentioned previously there are three basic segments of the CSMP III structure. They are INITIAL,
DYNAMIC, and TERMINAL. The INITIAL segment is a parallel segment which is executed at the
beginning of the simulation. The TERMINAL section is a procedural section which is executed at the
end of the simulation. The DYNAMIC section is the heart of the program where integration takes

place. At this point an example will best illustrate the three CSMP III program sections.




Consider a CSTR Reactor with the first-order reaction described previously. From the follow-

ing mass balance, the differential equation which describes the reactor can be developed.

Accumulation = In - Out + Reaction

v« _pco-0C-KCV

dt (12)

4 _oco-0CWV-KC

dt 13)

or

4C _(Co=O) g
dt ©

(14)

where

F = Flow into reactor (1%

V = Volume of reactor (1%)

* 0 = ZERO, O = "OH"
* CSMP IIl EXAMPLE PROGRAM 1
* SIMPLE CSTR REACTION WITH FIRST ORDER REACTION
x
INITIAL
PARAM V=10.,Q-2.0,K=1.0,C0=1.0,ICC=0.
THETA=Q/F
DYNAMIC
DCDT=(C=(CO-CYTHETA -K*C

C=INTGRL(ICC,DCDT)




TERMINAL

*
TIMER FINTIM=15.0,PRDEL=0.5,0UTDEL=0.5,DELT=0.05

METHOD RECT

*

PRINT C,DCDT
OuTPUT C
END

STOP

ENDJOB

The preceding coding is all that is required to solve the differential equation. The asterisk (*) in
column one denotes a comment card. The other cards with the exception of the "ENDJOB" card may
begin in any column and must not continue past column 72. CSMP III coding is very nearly format
free. The PARAM statement in the INITIAL section defines the values of variables used in the simu-
lation. The PARAM statement performs a similar function to the FORTRAN DATA statement. All
variables in CSMP are by default REAL*4 (floating point variables). Integer variables must be

declared by the keyword FIXED.

© is only calculated once since it remains constant throughout the simulation. Consequently it
is calculated in the INITIAL section. It would be wasteful to place the calculation of © in the
DYNAMIC section since it would be done every time step. The two lines of coding in the
DYNAMIC section are all that is required to define the differential equation. In general CSMP III

requires that the highest derivative be solved and placed on the left. Each integration step must be




defined by the INTGRL (X,Y) statement where X is the initial condition and Y is the quantity to be
integrated with respect to the independent variable, which is usually TIME. The TIMER card is essen-
tial in every simulation. The word FINTIM must appear on the card. FINTIM is ﬁmjsh time. For this
program the simulation will begin at TIME equal to 0 and will end at TIME equal to 15.0. PRDEL is
the time interval for plotting out results. DELT is the integration time step. The user of CSMP 111
should specify all four of these time specifications except in the case where variable step integration
methods are used; DELT need not be specified when variable steps are used. If OUTDEL or PRDEL
is omitted a value of FINTIM/100 will be used by default by CSMP III. In all cases DELT, PRDEL,
and OUTDEL must be a factor of FINTIM. If the user specifies some value which is not a factor of
FINTIM, CSMP III round the value to be a factor of FINTIM. The PRINT statement specifies that
variables C and DCDT will be printed every PRDEL. The PRINT statement can be used once during
each simulation and can print a maximum of 55 variables. The OUTPUT statement is a very useful
and flexible method of plotting or printing results. The options will be discussed later. The output
statement can be used more than once in each simulation and can print or plot up to 55 variables for
each statement. The METHOD card specifies that the method of integration will be simple Euler or
rectangular. If the METHOD card is omitted, a variable step fourth order Runge-Kutta method will be
used. The END, STOP, ENDJOB cards specify the end of the simulation. Reruns and changes in

parameters can be made after each END statement. These options will be discussed later.

This completes the description of basic CSMP III structure.
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III. CSMP III PROGRAM FEATURES

The IBM CSMP III manual describes the details of CSMP III programming. There is a
tremendous amount of material in the manual which the beginning CSMP III programrher need not be
familiar with. Consequently, many beginners become frustrated with all the details of the manual.
This section is designed to acquaint the beginner with some of the details of CSMP III. It is not
intended to substitute for the CSMP III manual, but only to provide an introduction to CSMP IIL

Statements which the beginning user should know are listed alphabetically and briefly described.

CONST, INCON, PARAM

PARAM, CONST, INCON are used to assign values to variable names. They are similar in
nature to the FORTRAN DATA statement. The PARAM, CONST, and INCON statements are identi-

cal; only their names are different. An example of a parameter statement is

PARAM A=1.0,B=23.,C=1.5E+06

The PARAM statement can also be used for multiple specifications. For example, if a user were

searching for a value of "K" which best fits some objective function, he could use the following

PARAM statement to investigate several values of "K".
PARAM K= (0.1,0.3,4*%0.2)

The above statement would result in six simulations for K = 0.1, 0.3, 0.5, 0.7, 0.9, 1.1. Only one mul-
tiple PARAM statement can be used per simulation. Initialization by PARAM statements is done
before any other statements are executed. For example, if the following coding were in the INITIAL

section of a CSMP III program, the value of B in the subsequent sections of the program would be

11 -




10., not 5.

PARAM B=5.0

B=10.

This brings us to another point; PARAM statements are executed only once. If a variable which is ini-
tialized by a PARAM statement is changed anywhere else in the CSMP III program, it will never be
reset back to its initial value by the original PARAM statement. If a variable is initialized by a FOR-
TRAN "equals” statement as in the previous example with "B = 10.", it will be reset to its initial value

each time the statement is encountered.
DEBUG

CSMP 1II has a very useful debugging facility. If a user wishes to know the value of a certain
variable at a certain time, he may use the CALL DEBUG (X, Y) statement. If CALL DEBUG is
used, all the variables used in a simulation will be printed beginning at TIME = Y and will be printed
for the next X time steps. It is very convenient to use the CALL DEBUG statement at the beginning

of every simulation to check all initial conditions and values. For example, the coding

NOSORT
CALL DEBUG(1,0.0)

TERMINAL

will result in all variables being printed out once at the beginning of a simulation. Also note that the
CALL DEBUG statement must be placed in a PROCEDURAL (NOSORT) section of the program.
The DEBUG statement may be used more than once. Other DEBUG options are described in the

CSMP III manual.

12




END

The END statement signifies the end of a simulation, but not necessarily the end of the pro-
gram. If one wishes to rerun with a different set of initial conditions, print variables,. etc., additional
PARAM cards, TIMER card, PRINT card, etc. may be inserted after the END card. For example, the

following coding will result in a rerun of the original program with A = 1.0.

(CSMP 111 PROGRAM)

END

PARAM A=1.0
END

STOP

ENDJOB

Program structure cannot be changed after the END card.

13




FINISH

In many cases a user will want to terminate a run after a certain event has Qccurred, and not
necessarily at some value of time. For example, the following coding in a CSMP III program would

cause the simulation to end if S became equal to 12.

FINISH S=12.0

FIXED

All variables in CSMP 1II are, by default real, floating point variables. If an integer variable is
required, it must be declaréd by the FIXED statement. For example, if a DO loop were used some-
where in CSMP 111, it would require an integer counter. If this counter were the variable "A", it could

be declared by the following coding.

FIXED A

FUNCTION BLOCKS

There are a great number of functions and types of functions in CSMP IIl. Most FORTRAN
functions are available to CSMP III programmers, in addition to a large library of special, CSMP III
functions. Many CSMP III functions are memory functions; they require not only information at the
present value of time, but also at previous values of time. INTGRL and DERIV are examples of
memory functions. There are many logic functions in CSMP III such as AND, OR, and others. Also
there are periodic functions such as SINE (not to be confused with the FORTRAN SIN). The CSMP
I function descriptions and their equivalent mathematical expressions can be found in the CSMP III

manual. FORTRAN function descriptions can be found in almost any FORTRAN manual. Functions

14




and subroutines in the IBM scientific subroutine package can also be used in CSMP IIL. User supplied

functions and subroutines can be inserted in the card deck between the STOP and ENDJOB cards.

FUNCTION - AFGEN-NLFGEN

In many cases a user would like to use irregularly shaped functions somewhere in a CSMP III
simulation. It is usually not very convenient to construct some mathematical correlation or expression
which fits the irregular shape. To avoid this inconvenience CSMP III has built-in function generators
which need only have the X and Y coordinate pairs specified. This feature is very flexible and allows
the user to perform many otherwise difficult tasks. For example, CSMP III can be used to plot experi-

mental data or to smooth experimental data.
Suppose a user wanted to code the following tabulated function:

Table 3

Velocity  Drag

0.0 0.0
0.1 2.5
0.2 6.4
0.3 12.5
0.5 26.4

This function would be coded as follows:

FUNCTION DRAG = 0.0,0.1,2.5,0.2,...

6.4,0.3,12.5,0.5,26.4

15




The data is entered in X - Y pairs and must be entered in increasing value of X. The three consecu-
tive periods indicate that the data is continued on the next card. DRAG is a unique name assigned to
each function. To use this function in CSMP III it must be placed into a functionA generator. There
are two types of function generators in CSMP III. The first type is an arbitrary fuﬁction generator
(AFGEN) which creates the function by linear interpolation between data points. The second type is a
nonlinear function generator (NLFGEN) which uses parabolic interpolation among data points. The
user must choose which function generator to use. The nonlinear function generator is usually the
method of choice except where sharp breaks are encountered in the function. The nonlinear generator
should not be used for such functions since parabolic interpolation cannot "bend" around sharp corners.

The following coding shows how the NLFGEN and AFGEN statements are used.

FORCE1-AFGEN(DRAG, VEL)

*

FORCE2=NLFGEN(DRAG,VEL)

FORCE! and FORCE2 must be unique names. VEL is the independent variable which must be calcu-
lated somewhere in the CSMP III program. TIME can also be used as an independent variable. The
independent variable must not exceed the limits of the function; for this case VEL should never be
larger than 0.6 or smaller than 0.0. If the independent variable is out of the function’s domain, the
highest (or lowest) value of the domains will be used to calculate the dependent variable. Also a
warning message will be printed. FORCE1 and FORCE2 are now legitimate CSMP III functions
which may be plotted, integrated, differentiated, or used in any manner that other CSMP III functions

are used. There is also a function generator available for functions of two independent variables.

16




LABEL

The LABEL statement allows the user to print a heading at the top of each page of printed or
plotted material resulting from an OUTPUT statement. LABEL statements which are placed before the
first OUTPUT statement will refer to all subsequent OUTPUT statements. LABEL statements placed
after an OUTPUT statement refer to it. LABEL statements may have one continuation card to give a
total width of 120 characters. Each OUTPUT statement may have up to five LABEL statements. The

following is an example of a LABEL statement.

LABEL CONCENTRATION VS. TIME

METHOD

The METHOD statement allows the user to specify the method of integration that CSMP III

will use. The type of problem will determine which method is most efficient.

The following table summarizes the integration methods available in CSMP IIL

17




Table 4

CSMP 111 ORDER OF

METHOD NAMER CORRECTNESS TYPE
Rectangular or RECT 1 Fixed Step
Simple Euler
Adams ADAMS 2 Fixed Step
Trapezoidal or TRAP 2 Fixed Step
Modified Euler .
Simpson’s Rule SIMP 2 Fixed Step
Runge-Kutta RKSFX 4 Fixed Step
Runge-Kutta RKSDP 4 Fixed Step
Double Precision
Milne Predictor MILNE 4 Variable Step
Corrector Method
Runge-Kutta RKS 4 Variable Step
Method Specifically STIFF 2 Variable Step

designed for "stiff"
sets of differential
equations

If no method card is inserted, the Runge-Kutta variable step method will be used. This method
in almost all cases will assure satisfactory solution. It is generally the best method for initial selection.
The variable step method also has the advantage in some equilibrium type problems. A small time
step is used at the beginning of the problem and as equilibrium is reached and the magnitude of the
derivative becomes smaller, the time step is increased. The maximum time step that can be used is the
PRDEL or OUTDEL increment, whichever is smaller. The smallest time step is a value set inside
CSMP 111, called DELMIN. If the time step becomes smaller than DELMIN, the simulation will be

terminated with the error message "DELT LESS THAN DELMIN". In this case, it will be necessary

18




to specify a fixed step method. The value of DELMIN can also be specified on the TIMER card.

There are many trade-offs to consider when selecting an integration method. The methods
which have a high order of correctness require more computations per time step but the time step can

generally be made larger. Methods of low order of correctness take very little time per step, but

require smaller steps.

Most of the problems in the Environmental Engineering courses can be integrated by variable
step Runge-Kutta very efficiently. Simulations which use large amounts of logic and use the CSMP 111
functions STEP, IMPULS, PULSE, DELAY, PIPE, and other similar functions should be integrated by

fixed step methods with DELT synchronized with the times of logic decisions and the times of forc-

ings.

Large systems of equations can often be most efficiently integrated by rectangular integration.
Most of the large research problems are in this category. The author recommends for simple problems
that the variable step Runge-Kutta method be used as the initial method, unless the previously men-
tioned CSMP III functions are used in the simulation. If a fixed step method is required, the Modified

Euler (TRAP) is recommended. For large systems of equations the stiff (STIFF) method and Rec-

tangular (RECT).
OUTPUT

The OUTPUT statement is the most useful and flexible of the CSMP III print statements. The
OUTPUT statement may be used more than once in a simulation and can print up to 55 variables per
statement. If 1 to 5 variables are specified on the OUTPUT statement, the variables will be print-
plotted. If 6 to 9 variables are specified, the results will be printed in columns. For 10 to 55 vari-

ables, the results will be printed in rows. The PAGEW statement can be used to modify the

19




conventional output to provide shade, contour, or Calcomp plots. The options are discussed in the

CSMP III manual.

It is important to note that all values in the OUTPUT statements are scaled or ranged before
any printing or plotting occurs. Consequently all values must be stored until the completion of a simu-
lation. If a particular simulation is stopped because of excessive CPU time, no output will be printed
or plotted, and the user will have no information about the simulation. If the user is not sure how
much time his simulation will require, he should always use the PRINT statement in addition to or

instead of the QUTPUT statement.
PRINT

The PRINT statement will print up to 55 variables and prints them as they are calculated. The

PRINT statement may be used only once; if more than one PRINT statement is used, all but the last

statement will be ignored.
RESET

The RESET statement is used to nullify previous execution and control statements such as
PRINT, FINISH, OUTPUT, PREPAR, and RANGE. For example, suppose that in the first run of a
program a PRINT statement was used that is not needed in the second run. The second run could use

a RESET statement as follows:

END
RESET PRINT

(ETC)

20




STORAGE

In certain cases it is more desirable to work with arrays than ordinary, nonsubscripted vari-

ables. One dimensional arrays can be dimensional with the storage statement such as the one that fol-

lows:

STORAGE A(10),B(5)

SORT, NOSORT

These two cards should be used in pairs to indicate sections of the program which are pro-
cedural rather than parallel.” The user can declare that a block of statements is a procedural block. For

example, the following coding shows how SORT-NOSORT statements are used.

DYNAMIC

(PARALLEL SECTION ONE)

NOSORT
IF(TIME.GE.TCOUNT) GO TO 20
GO TO 40

20 TCOUNT=TCOUNT+DEL
WRITE(3,30) VEL,TIME

30 FORMAT(1X,2(F10.2,5X))

21




40 CONTINUE

SORT

(PARALLEL SECTION TWO)

TERMINAL

It is important to realize that the inclusion of this SORT-NOSORT section creates two parallel sections

which are independently sorted.
TABLE

The TABLE statement is used in the exact same way that the PARAM statement is used

except that the TABLE statement is used for subscripted variables. Example:

STORAGE A(3)

TABLE A(1)=1.0,A(2)=2.0,A(3)=3.0
TITLE

The TITLE statement is similar to the LABEL statement except that TITLE refers to PRINT

statements.
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V. APPENDIX. ADDITIONAL EXAMPLE PROBLEMS

Problem No. Descriptions _' Page
1. CSTR with first-order reaction 7
2. CSTR response to impulse, pulse and stgs inputs 2-1/2-7
3. CSTR with variable flows 3-1/3-2
4 5 CSTR’s in series without using a procedure section 4-1/4-3
5. 5 CSTR’s in series with a procedure section 5-1/5-5
6. Chemostat 6-1/6-3
7. ' Four biological reactors with recycle in series using 7-177-5
a macro
8. Plotting data with a function generator 8-1/8-2
9. Chlorine reactor and controller, using orthogonal col- 9-1/9-12
location, with FORTRAN routines called from
CSMP

24
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$3CONTINUCUS SYSTEM MOLELING PRCGRAM

CSTR IRACER SIMULATICN
IMPULSE,PULSE, AsD STEP INPUIS
IMPULSE PORCING FIRST

3
* CSMP III EXAMPLE PROBLEN 2
*
*

*

II1 Vin3

INITIAL

PARAMN CO=10.,ICC=10,,V=10.,F=2.0,PLAG=-1,0,X1=0.
THETA= V/F

DYNANIC

%  INPUT SELECTION
X2=STEP {0.0)
Z1=IBPULS (1.,20.)
X3=EULSE (5.0,21)
CIN=CO*FCNSH (FLAG,X1,X2,X3)
*  MASS EALANCE
CDO1T=(CIN-C) /THETA
C=INIGRL (ICC,CDOT)
TERMINAL

TIMER FINTIM=15.,PROEL=0.25,C0TDEL=0.25

PRINT C,CDGCGTI,CIN

CUTEUT TIME,C,CIN

PAGE XYPLCT,HEIGHT=4.0,VWVIDIH=7,.0
LABEL C,CIN VS, TIME (IMPULSE INPUT)
END

* STEP FCHRCING NEXT

PARAM FLAG=0.,ICC=0.

CUTEUT TIME,C,CIN

PAGE XYPLOT,d2IGHT=4.9,WILTA=7.0
LABEL C,CIN V5. TIME (STEP INPOUT)
END

* PULSE FORCING MNEXT

PARAM FLAG=1.0

QUTPUT TIME,C,CIN

PAGE XYPLCI,C,CIN

LABEL C,CIN VS. TIME (PULSE INPBUT)
ERD

STOP

QUTPUT VARIABLE SEQUENCE
THETA X2 z1 L3 CIN CDOT

$33 TRANSLATION TAELE CONTENTIS $$3

MACRO ANL STATENENT OUTFUIS
STATEMENT INPUT WORK AREA
INTEGEATICRS+MEJORY BLCCK OQOUIPUIS
PARAMETERS+PUNCTION GENERATICRS
STORAGE VARIABLES+INTEGRATCE ARRAYS
HISTORY AND MEXMORY BLOCK NANES
MACRO DEFINITIONS AND NESTED MACROS
MACRO STATEBENT STORAGE

LITERAL CONSTANT STORAGE

SORT SECIIONS

MAXIMUM STATEHENTS IN SECTION

C
CURBENT

13
45

1+ 0
9+ 0
0+ 0/2
21

6

13

0

2

6

TRANSIATOR CUTPUTSS$S

EAXINUN

600
1300
300
400




355 CONTINUQUS SYSTEM MODELIING PROGHAM III vin3 EXECUTICN OUTPUT $3$

PARAM CO=1(.,ICC=10.,V=10.,F=2.0,FLAG=~-1.0,X1=0.
TIAER FINTIM=15.,PRDEL=0.25,CUTDEL=0,25

ERINT C,CDCT,CIN

CUTPUT TIME,C,CIN

EAGE XYPLOT,HEIGHT=4.0,dILTH=7.0

LABEL C,CIN VS. TIME (IMPULSE INPUT)

END
TIMEE VARIAELZS RKS INTEGRATION STARET TINE = .0
DELT DELMIN FINTIA PRDEL OUIDEL DELBAX
1.5625D0-02 1.5000D0-06 15.000 «25000 « 25000 25000




CsMp III VERSION V143 SIMULATICN CUTPUI

TIHE C CLCtT CIN
.0 10.000 -2.0000 <0
.250000 9.5123 -1.9025 .0
500000 3.04384 -1.8097 .0
.750000 8.6071 -1.7214 .0
1.00000 8.1873 -1.6375 .0
1.25000 7.7880 -1.5576 «0
1.50000 7.4082 -1.4816 -0
1.75000 7.0463 -1.40394 <0
2.00009 6.7032 -1.3406 «0
2.25000 6.3763 -1.2753 .0
2.50000 6.0653 -1.2131 .0
2.75000 5.7695 -1.1539 .0
3.00000 5.4881 -1.0976 .0
3.25000 5.2205 -1.0441 B
3.50000 4,9658 -«99317 -0
3.75000 4.7237 -.34473 -0
4.00000 4.4933 -.89866 -0
4.25000 4.2741 -.85483 -0
4,50000 4.0657 -.81314 «0
4.75000 3.3674 -.77348 -0
5.00000 3.6788 -.73576 .0
5.25000 3.4994 -.69987 -0
5.50000 3.3287 -.66574 .0
5.75000 3.1664 -.63327 .0
6.C0000 3.0113 -.60238 -0
6.25000 2.8650 -+57301 -0
6.50000 2.7253 -.54506 <0
6.75000 2.5924 -.51848 0
7.00000 2.4660 -.49319 .0
7.25000 2.3457 -. 46914 0
7.50000 2.2313 -.44626 .0
7.75000 2. 1225 -. 42449 -0
8.00000 2.0190 -.40379 -0
8. 25000 1.9205 -.38410 «0
8.50000 1.8208 -«36536 -0
8. 75000 1.7377 -.38755 -0
9.00000 1.6530 -.33060 .0
9.25000 1.5724 -.31847 .0
9.50000 1.4357 -+29913 .0
S.75000 1. 4227 -.28455 «0
10.0000 1.3533 -.27067 «0
10.2500 1.2873 -.25747 -0
10.5000 1.2245 -.24491 <0
10.7500 1. 1648 -.23297 0
11.0000 1. 1080 -.22160 -0
11.2500 1.0540 -.21080 -0
11.5000 1.0026 -.20051 -0
11.7500 «95368 -.19074 .0
12,0000 90717 -.18143 -0
12,2500 .86292 -.17258 -0
12.5000 .82084 -.16417 -0
12.7500 .78080 -.15616 -0
13.0000 ~74272 -. 14854 <0
13.2500 -« 70650 -. 14130 .0
13.5000 «67204 -. 13441 0
13.7500 63927 -.12785 .0
14.0000 60809 -.121€2 -0




333 CONTINUOUS SYSTEM MODELING PECGRAM III ViM3 EXECUTZION OUTEUT $3$

EAXAM FLAG=0.,ICC=0.

CUTPUT TIME,C,CIN

EAGE XYPLCT,idZ2iGHT=4.0,WILTIH=7.0
LAREL C,CIN VS. TiAz (STEP INPUT)

END
TIMZE VARIAZLZS RKS INTEGEATION STAET TIME = .0
DELT DELMIN FINTIN PRDEL OUTDEL DELMAX
1.56250-02 1.5000D0-06 15.000 «25000 « 25000 «25000




éS.’ﬂ? III VEGSION V143 SIMULATIGN OOTPUT

TIME C CLOT CIN

.0 .0 2.0000 10.000
. 250000 «48771 1.9025 10.000
«500000 <395183 1.8097 10,000
750000 1.3929 1.7214 10.000
1. 00000 1.8127 1.6375 10.000
1.25000 2.2120 1.5576 10.030
1.50000 2.53918 1.4816 10.000
1.75000 2.9531 1.4094 10.000
2.00000 3.2963 1.3406 10.009
2.25000 3.6237 1.2753 10.000
2.50000 3.9347 1.2131 10.000
2.75000 4.2305 1.1539 10.000
3.00000 4.5119 1.0976 10.000
3.25000 4.7795 1.0441 10.000
3.50000 5.0341 99317 10.000
3.75000 5.2763 «94473 10.000
4.00000 5.5067 .839866 10.000
4.25000 5.7258 .85483 10.000
4.50000 5.9343 «81314 10.000
4.75000 6.1326 «77348 10.000
5.00000 0.3212 « 13576 10.000
5.25000 6.5000 .69988 10.000
5.50000 6.6713 «66374 10.000
5.75000 6.8336 «63328 10.000
6.C0000 6.9880 «60239 10.000
6.25000 7. 1349 «57301 10.000
6.50000 7.2747 «34507 10.000
6.75000 7.4076 .51848 10.000
7.00000 7.5340 «49320 10.000
7.25000 7.6543 ~46914 10.000
7.50000 7.7687 «34626 10.000
7.75000 7.8775 ~142450 10.000
8.00000 7.9810 .40380 10.000
8.25000 8. 0735 ~38410 10.000
8.50000 8.1732 «36537 10.000
8.75000 8.2622 «34755 10.000
9.00000 8.3470 «33060 10.000
9.25000 8.4276 <3448 10.000
3.50000 8.5043 «29914 10.000
9.75000 8.5772 28455 10.000
10.0000 8. 6466 «27067 10.000
10.2500 8.7120 «25747 10.000
10.5000 8.7754 «24492 10.000
10.7500 8.8351 «23297 10.000
11.0000 8.8920 «22161 10.000
11.2500 8.9460 .21080 10.000
11.5000 8.9974 «20052 10.000
11.7500 9.0463 - 13074 10.000
12.0000 9.0928 -18144 10.000
12.2500 9.1370 - 17259 10.000
12.5000 9. 1791 « 16417 10.000
12.7500 9.2192 «15617 10.000
13.0000 3.2572 . 14855 10.000
13.2500 9.2935 « 14131 10.000
13.5000 9.3279 - 13441 10.000
13.7500 9.3007 - 12786 10.000
14.0000 9.33919 .12162 10.000

2-5




5:5 CONTINOCUS SYSTZM HMODELING FRCGEAM III viu3 EXECUTICN OUTPUI 333

FARAM FLAG=1.0

QUIPUT TIAE,C,CIN

EAGE XYPLCTI,C,CIN

LABEL C,CIN V5. TIHE (PULSE INEUT)

END
TIMZR VARIABLES RKS INTEGRATION START TINE = .0 -
DELT CELMIN FINTIN PRDEL OUTIDEL DELMAX
1.5625D0-C2 1.5000D-06 15,000 25000 « 25000 25000

2-6




CSH? IIi VEE3ION V1H3 SIMUIATICN GUTPUT

TIME c CDCT CIN
) .0 .0 .0
250000 -0 -0 .0
.300009 0 .0 «0
«750000 «0 -0 .0
1.00000 -0 2<.0000 10.000
1.25000 ~48771 1.9025 10.000
1.50009 «95163 1.8097 13.000
1.75000 1.3529 1.7214 10.000
2.00000 1.8127 1.6375 10.000
2.25000 2.2120 1.5576 10.000
2.50000 2.5918 1.4816 10.000
2,75000 2.9531 1.4094 10.000
3.00000 3.2963 1. 3406 10.000
3.25000 3.6237 1.2753 10.000
3.50000 3.93347 1. 2131 10.000
3.75000 4.2305 1.1539 10.000
4.00000 4.5119 1.0976 10.000
4,25000 4.7735 1.0441 10.000
4.50000 5.0341 «99317 10.000
4.75000 5.2763 «94473 10.000
5.00000 5.5067 «89806 10.000
5.25C00 5.7258 -85433 10.000
5.50000 5.9343 .81314 10.000
5.75000 6.1326 «17343 10.000
6.00000 0.3212 73576 10.000
6.25000 6.0135 -1.2027 -0
6.50000 5.7202 - 1. 1440 o0
6.75000 5.4413 -1.0883 -0
7.00000 5.1759 -1.0352 »0
7.25000 4.9234 --98469 -0
7.50000 4.6833 ~«93667 -0
7.75000 $.4549 -.89098 -0
8.00000 4,2376 -.84753 »0
8.25000 4.,0310 -.80620 .0
8.50000 3.8344 -.76688 .0
8.75000 3.6474 -.72948 -0
9.00000 3.4695 -.69390 .0
9.25000 3.3003 ~-.66C06 -0
9.50000 3.1393 -.62786 -0
9.75000 2.9862 -.59724 -0
10.0000 2.8406 -.56812 -0
10.2500 2.7020 -.54041 -0
10.5000 2.5703 -.51405 .0
10.7500 2. 4449 -.48898 -0
11.0000 2.3257 -.46513 .0
11.2500 2.2122 -.44245 -0
11.5000 2. 1043 -.42087 -0
11.7500 2.0077 ~-. 400348 0
12.0000 1. 9041 -.38082 -0
12.2500 1.8112 -.36224 -0
12.5000 1.7229 --JU458 -0
12.7500 1.6389 -+32777 -0
13.0000 1.5589 -.31179 «0
13.2500 1.4829 -.29658 -0
13.5009 1.4106 -.28212 0
13.7500 1.3418 -.26836 «0
14.0000 1.2763 -.25527 .0

2-7




(o
¥

3

"333CONTINUCUS SYSTEM MOLCELING PROGRAN III vinl

*# CSMP I1I EXAMPLE PROBLEN 3
* CSTR WITH VARIABLE PICWS
INITIAL
PARAM CO=10.,ICC=0.,V=10.
DYNAMIC
F= 1.5 +0.5%SINE(0.0,6.28/24.,0.0)
CDOT= F*(CO-C)/V
C=INIGRL {(ICC,CDOT)
TERMINAL
PRINT P,CLCT,C
TIMER FINTIH#=24.,PRDEL=0.5,00TDEL=0.5
END

STOP
UIBUT VARIABLE SEQUENCE
CDO1T C

333 TRANSLATION TABLE CONTERIS 333 CURRENT
MACRO ARL STATEMENT OUTEFUTS 9
STATEMENT INPUT WORK AREA 37
INTEGRATCRS+MEHORY BLOCEK OUTPUTS 1+ 0
PABAMETEES+FUNCTION GENERATORS 6 + 0
STORAGE VARIABLES+INTEGRATOR ARRAYS 0+ 0/2
HISTORY AND MEHAORY BLOCK NAMES 21
MACRO DEFINITIONS AND NESTED MACROS 6
MACRO STATIZMENT STORAGE 13
LITERAL CONSTANT STOBAGE 0
SOHT SZCTIONS 1
MAXIMUM STATEMENTS IN SECTION 3

$3END OF TEANSLATOR OUTPUTSSS

TRANSLATOR OUTPUT$S$S

HMAXINON

600
1900
300
400
50
50
50
125
100
20
600




csMP III VEESION V1M3 SIMUIATION OUTPUT

TIME

-0
.500000
1.00000
1.50000
2.00000
2.50000
3.00000
3.50000
4.00000
4.50000
5.00000
5.50000
6.00000
6.50000
7.00000
7.50000
8. 00000
8.50000
9.00000
9.50000
10.0000
10.5000
11.0000
11.5000
12.0000
12.5000
13.0000
13.5000
14.0000
14.5000
15.0000
15.5000
16.0000
16.5000
17.0000
17.5000
13.0000
18.5000
13.0000
19.5000
20.0000
20,5000
21.0000
21.5000
22.0000
22.5000
23.0000
23.5000
24,0000

F

1.5000
1.5652
1.6293
1.6912
1.7499
1.8042
1. 8534
1.8965
1.9323
1.9618
1.9829
1. 9957
2.0000
1.9958
1.9831
1.9621
1.9333
1.8970
1. 8540
1. 8043
1.7506
1.6920
1.6301
1.5660
1.5008
1.4356
1.3714
1.3095
1.2508
1. 1964
1.1472
1.1039
1.0675
1.0385
1.0173
1. 0044
1.0000
1. 0041
1.0167
1.0376
1.0663
1. 1025
1. 1455
1. 1945
1.2487
1.3073
1.3691
1.8332
1.4984

CDOT

1.5000
1. 4498
1.3933
1.3310
1.2636
1.1921
1.1175
1. 0412
«96421
.88783
«81306
.78080
.67181
«60664
«34569
«48919
-43726
38987
«34691
«30819
«27349
«24253
«21504
18072
16929
« 15047
13400
«113966
- 10721
9.6464E-02
8.7233E-02
7.9356E-02
7.2685E-02
6.7084E-02
6.2827E-02
5.86C0E-02
5.5492E-02
5.3000E-02
5.1022E-02
4.9464E-02
4,8232E-02
4.7238E-02
4.6398E-02
4.5636E-02
4,4882E-02
4.4079E-02
4.3177E-02
4.2140E-02
4.0944E-02

3-2

.0

«713770
1. 4487
2.1300
2.7789
3.3929
3.9704
4.5102
5.0115
5.4745
5.3996
6.2880
6.6410
6.95604
7.2483
7.5068
7.7382
7.9448
8. 1289
8.2925
8.4377
8.5666
8.6808
8.7821
8.8720
8.9519
9.0229
9.0862
9. 1429
9.1937
9.2396
9.2812
9.3191
9.3540
9.3864
9.41606
9. 4451
9.4722
9.4982
9.5233
9.5477
9.5715
9.5949
9.6179
9.6406
9.6628
9.6846
9.7060
9.7267




335CONTINUCUS SYSTEM MOLELING PRCGBRAM

*
*
*
IN

*

C5HP III EZXAMPLE PRODLEM 4

III Vin3

FIVE CSTR'S IN SERIES WITHOUT USING A

PROCELCURE SECTION
ITIAL

PARAM VTOTAL=10.,F=2.0,C0=10.

DIVIDE TO OBTAIN COBRECT VCLUMES

V=VICTAL/S.

PARAM IC1=0.,1C2=0.,1IC3=0.,IC4=0.,IC5=0.

THETA=V/?

DYNAMIC

C1D0I=(C0-C1) /THETA
C1=INIGRL (IC1,C1DOT)
C2DGT=(C1-C2) /THETA
C2=INTGRL (IC2,C2DOT)
C3DGT={C2-C3) /THETA
C3=INTGRL{IC3,C3DOT)
C4DOTI=(C3-C4)/THETA
C4=INTGRL (IC4,C4DOT)
C5D0T=(C4-C5) /THETA
C5=I8TGRL(IC5,C5D0T)

TEIXINAL
TIMER FINTIIM=15.0,0UTDEL=0.25,PRDEL=0.25
ERINT C1,C100T,C2,C2D0T,C3,C3DOT,C4,CUD0T, ...

C5,C5DOT

CUTEUT C1,C2,L3,C4,C5
EAGE GROUP

END

STOP

OUTIPUT VARIABLE SEQUENCE
v THETA C1IDOT C1 C2D0T C2
C3DOT C5

333 TRANSLATION TABLE CONTENIS 333

MACRKO ANL STATEMENT OUTEDTS
STATEMENT INPUT WORK AREA
INTEGRAICRS+MEMORY BLCCK OUTPUOTS
PARAHETERS+FUNCTION GENERATORS
STORAGE VARIABLES+INTEGRATOR ARRAYS
dISTORY AND MEMORY BLOCK NRAMES
MACRO DEFINITIONS AND NESTED MACROS
MACRO STATISMENT STORAGE

LITERAL CONSTANT STORAGE

SORT SECTIONS

MAXINMUM STATEMENTS IN SECTION

$33END OF TSANSLATOR OUTPUTI$$S

C3p0T C3

CURRENT

18
59
5+ 0
11T+ 0

21
6
13
0
2
10

4-1

TRANSLATCE OUTPUTS33$

C4CQCT Cu&

MAXINUN

600
1900
300
400
50
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CSMP III VEGRSION V1iN3 SINUIATICN CUTPUT

TINE

c1
C1DOT

2.2500

8.9460
1.0540
6.5745
2.3715
3. 9066
2.6679
1.9057
2.0009
<780 14
1.1255

4.5000

9.8889
«11110
9.3890
«89991
8.2642
1.1248
6.5770
1.6872
4.6789
1.8981

6.7500

9.9883
1.1712E-02
9.3092
7.9039E-02
9.6425
«26674
9.0423
-60017
8.0296
1.0128

« 25000

2.2120
7.7880
- 26499
1.3470
2,16 14E-02
.24338
1.3344E-03
2.0279g-02
6.6035E-05
1.2684E-03

2.5000

9.1791%
.82086
7.1270
2.0521
8.5619
2,5652
2.4242
2.1376
1.0882
1.3360

4.7500

9.9135
8.6522E-02
9.5025
-41096
8.5265
+97602
6.9811
1.5454
S5.1460
1.8351

7.0000

9.9909
9.1219E-03
9.9270
6.38368-02
9.7036
22341
9.18213
«52130
8.2701
91226

«50000

3.9347
6.0653
«90205
3.0326
-~ 18386
75819
1.75238-02
- 12634
1.7217E-03
1.5801E-02

2.7500

9.3607
«63929
7.6027
1.7580
5.1854
2.4173
2.9696
2.2158
1.4462
1.5234

5.0000

9.9326
6.7385E-02
9.5957
« 33690
8.7535
808224
7.3497
1.4037
5.5951
1.7547

7.2500

9.9929
7.1049E-03
9.9414
5.1492E~02
9.7548
« 18665
9.3037
+45106
8.4862
81754

« 75000

5.27463
4.7337
1.7336
3.5427
- U40E03
1.3286
7.2926E-02
.33211
1. 0650E-02
6.2277E-02

3.0000

9.5621
+49788
8.0085
1.4936
5.7681
2.2004
3.5a1
2.2404
1.8474
1.6803

5.2500

9.9475
5.2880B-02
9.6720
«276850
8.9488
«72317
7.6833
1.2656
6.0222
1.65610

7.5000

9.9945
5.5342E~-03
9.9530
4.1486E~02
9.7974
« 15656
9.U40E5
. 38889
8.6794
«72317

1.0000

6.3212
3.6788
2.6424
3.56788
- 80299
1.8394
« 18988
«61311
3.66022-02
« 15328

3.2500

9.6123
« 38775
8.3521
1.2602
6.3043
2.0878
64,0859
2.2188
2.2835
1.8025

5.5000

9.9591%
4.08728-02
9.7348
«22478
9.1162
.61813
7.9830
1.1332
6.42u8
1.5582

7.2500

9.9957
8.3116E-03
9.9623
3.3386E-02
9.8329
- 12936
9.4988
33418
8.8513
« 64746

1.2500

7..1349
2.8651
3.5537
3.5813
1.3153
2.2383
«38269
«93262
9. 1246B8-02
«29144

3.5000

9.6980
+30198
8.6811
1.0569
6.7915
1.8496
4.6337
2.1579
2.7455
1.8881

5.7500

9.9682
3.1832E~-02
9.7852
«18301%
9.2590
«52616
8.2505
1.0085
6.8009
1.44697

8.0000

9.9966
3.3588E-03
9.9698
2.6840E-02
9.8624
« 10235
9.5762
« 28627
9.0037
«57253

1.5000

7.7687
2.2313
4.4218
3.3469
1.911¢8
2.5102
« 65642
1.2551
« 18576
- 47066

3.7500

9.7648
«23518
8.8829
« 88192
7.2293
1.6536
5.1623
2.0670
3.22485
1.9378

6.0000

9.9752
2.4791E-02
9.8265
- 14873
9.3803
«08618
8.4879
.89235
7.16494
1.3385

8.2500

9.997%
2.6169E-03
9.9758
2.1557B-02
9.8869
8.8913p-02
9.6424
- 24450
9.1381
50429

1.7500

8.2622
1.7378
5.2212
3.0410
2.5603
2.6609
1.0081
1.5522
«32902
«67908

4.0000

9.8168
« 18316
9.0842
«73263
7.6190
1.8653
5.6653
1.9537
3.7116
1.9537

6.2500

9.9807
1.9308E-02
9.8600
« 12066
9.5830
«37704
8.6975
» 78551
7.4701
1.2274

8.5000
9.9980 ,

2.0390E~-03
9.9807

| 1.72998-02
' 9.9072
. 7.3505E-02

9.6989
«20826
9.2563
84255

2.0000

8.6466
1.3534
5.9399
2.7067
3.2332
2.7067
1.4288
1.8045
«52653
«90223

4.2500

9.8574
« 14265
9.2511
«60623
7.9629
1.2882
6.1379
1.8250
4,1988
1.9391

6.5000

9.9850
1.5038E-02
9.8872
9.77288-02
9.5696
«31761
8.8815
.68814
7.7633
1.1182

8.7500

9.9984
1.5888E-03
9.9845
1.3869E-02
9.9239
6.0664E-02
9.7469
«17693
9.3599
38703



€=

CSMP III VERSION VIM3 SINULATION CUTPOT

TINE

c1
C1DOT

TIME

c1
C1D0T

C2poT
C3
c3poT
Ccy
C4DoT

cspoT

9.0000

9.9948
1.2388E-03
9.9877
1. 1110E-02
9.9377
4.9984E-02
9.7877
« 14995
9.4503
«33737

11.250

9.9999
1.3447E-04
9.9984
1.4668E-03
9.9902
B.2350E-03
9.9593
3.0869E~02
9.8725
8.6817E-02

13.500

10.000
1.7166E-05
9.9998
1.88838-04
9.9985
1.2531E-03
9.9929
5.6248E8-03
9.9739
1.89788-02

9.2500

9.9990
9.6607E~04
9.9901

 8.8930E-03

9.9490

' B.1121E-02

9.8222
«126178
9.5291
29318

11.500

9.9999
1.0586E-04
9.9987
1.1683E-03
9.9920
6.7024E-03
9.9663
2.56808-02
9.8925
7.38278-02

13.750

10.000
1.4305E-05
9.9998
1.5068B8-04
9.95988
1.0128E-03
9.9942
4.6291E-03
9.9783
1.5906E-02

9.5000

9.9992
T7.5245E-04
9.9921
7.1144E-03
9.9584
3.3780E-02
9.8514
+«10697
9.5974
«25403

11.750

9.9999
8.2970E~-05
9.9990
9.3079E-04
9.9935
5.4502E-03
9.9722
2.1333e-02
9.9095
6.2662E-02

14.000

10.000
1.2398E-05
9.9999
1.2016E-04
9.9990
8.1825E-04
9.9952
3.8052E-03
9.9819
1.3314E-02

9.7500

9.9994
5.8746E~-04
9.9637
5.6868E-03
9.9660
2.7711E-02
9.8760
9.0056E-02
9.6%65
« 21950

12.000

9.9899
6.4850E-05
9.9892
7.4196E-04
9.96848
4.4279E-03
9.9771
1.7698E-02
9.9240
5. 3088E-02

14,250

10.000
1.0490E-05
9.9999
9.6321E-05
9.9992
6.6090E-04
9.5961
3. 1352E-03
9.9850
1.1130E-02

10.000

9.9995
4.5872E~-04
9.9950
4.5424-03
9.9723
2.2703E~-02
9.8966
7.5671E-02
9.7075
. 18917

12,250

9.9999
5.0545E-05
9.9994
5.9128E-04
9.9958
3.5944E-03
9.9811
1. 4664E~02
9.9362
4.4901E-02

14.500

10.000
8.5831E-06
9.9999
7.8201E-05
9.9994
5.3310E~04
9.9968
2.5644E-03
9.9875
9.2936E-03

10.250

9.9996
3.5763E-04
9.9960
3.6268E-03
9.9774
1.85788-02
9.9140
6.3464E-02
9.7514
- 16262

. 12,500

10.000
4.0054E-05
9.9995
4.7016E-04
9.9966
2.9163E-03
9.9844
1.2134E-02
9.9465
3.7912E-02

14.750

10.000
7.6294E-06
9.9999
6.2943E-05
9.9995
4,3011E-04
9.9974
2. 10298-03
9.9896
7.7505E-03

10.500

9.9997
2.7943E-04
9.9968
2.8944E-03
9.9816
1.5182E-02
9.9285
5.3133E-02
9.789%0
« 13946

12.750

10.000
3.2425E-05
9.9996
3.7384R-04
9.9972
2.3642E~03
9.9872
1.0028E-02
9.9552
3.1961E-02

15.000

10.000
7.6294B-06
9.9999
4.9591E-05
9.9996
J.4714E-04
9.9979
1.7233E-03
9.9914
6.4564E~-03

10.750

9.9998
2.1839E-04
9.9975
2.3088E-03
9.9851
1.2395E-02
9.9407
4.4407E-02
9.8213
« 11934

13.000

10.000
2.5749E-05
9.9997
2.9755E-04
9.9978
1.9150E-03
9.9895
8.2788E-0)
9.9626
2.6903E-02

11.000

9.9998
1.7166E-04
9.9980
1.8396E-03
9.9879
1.01098-02
9.9508
3.7053E-02
9.8489
.10189

13. 250

10.000
2.0981E-05
9.9997
2.3746E-04
9.9982
1.5488E-03
9.9914
6.8283E-03
9.9688
2.2612E-02



7=

TIME
.0

. 25000
« 50000
« 75000
1.0000
1.2500
1.5000
1.7500
2.0000
2.2500
2.5000
2.7500
3.0000
3.2500
3.5000
3.7500
4.0000
4.2500
4.5000
4.7500
5.0000
5.2500
5.5000
5.7500
6.0000
6.2500
6.5000
6.7500
7.0000
7.2500
7.5000
71.7500
3.0000
8.2500
8.5000
3.7500
9.0000
9.2500
9.5000
9.7500
10.000
10.250
10.500
10.750
11.000
11.250
11.500
11.750
12.000
12.250
12.500
12.750
13.000
13.250

+? AN

Cc1
.0
2.2120
3.9347
5.2763
6.3212
T. 1349
7.7687
8.2022
8.6466
8.9460
9. 17N
9.3697
9.5021
9.6123
9.6980
9.7648
9.3168
9.8574
9.84889
9.9135
9.9326
9.9475
9.9591
9.9682
9.9752
9.9807
9.9850
9.9883
9.99093
9.9929
9.9945
9.9957
9.9966
9.9974
9.9980
9.9984
9.9988
9.9990
9.9992
9.999%4
9.99395
9.9996
9.9997
9.9998
9.9993
9.9993
9.9999
3.9999
9.9999
9.9999
10.000
10.000
10.000
10.000

LR JaRaTal

kel B E K K B J

Pt b b g bt e et e b e

4 -

0 t§2=CS 10.00
0 *Q'=CY 10.00
0 *x*=C3 10.00
0 tav=C2 10.00
0 tat=C1 10.00
-I- Dttt Sl -1 -e=1
* + I I 1 1
* 1 + I 1 g
X * I I+ 1 I
X * I + I I
o] X I * I + I q
¢] X I * I I ¢ I
8 0 X I* 1 + I
1 o] I X 1 * 1 + '
L 0 I X I * 1 + I
ERehE DAL R CERIE LIRS & EL LTt et b EEII LIl e
| IQ IX 1= +
$ 1 1] I X I * + I
3 8 Q I | I * +«1
1t 01I X I * +I
I 3 I0 II * +1
1 * I O I1x * +
I ] I Q IZX * ¢
1 11 o 1 X x ¢
I 1% 01I X * e
LI IS S ettt £ d TR E LI HEIII IS SOt B2
1 I ] 10 X *e
I I L] I 0 X *¢
I I L T 4 o X *¢
I I 1 s} X =
I I ] 0 X =
I I I 0O X *
I I I % o I*
1 I I L 0o IX=
I 1 I * 0 Xs
----------- e G S e Al ).
1 I I I t 00X
1 I I I t CX
I I I I & OX
I 1 I I & 0OX
1 I I I 4 0K
1 I 1 1 10x
I I I I 40
1 I I I #0
1 I b 8 I #0
I- -1 I e een]ceen ceee==§)D
1 I 1 I $0°
1 I I I #0
1 1 I I ]
I I 1 I R J
I I I I R
1 I 1 I ]
1 I I I &
1 I I I #
1 I I I L
Jewrmmm - D R L= —————— === —————
I 1 I [ ]
I I I ]
I I I L
T T h g L

c2

-0

- 26499
«90205
1.7336
2.6424
3.5537
4.4218
5.2212
5.9399
6.5745
7.1270
7.6027
8.0085
8.3521
8.6411
8.8829
9.0842
9.2511%
9.3890
9.5025
9.5957
9.6720
9.7344
9.7852
9.8265
9.8600
9.8872
9.9092
9.9270
9.94 14
9.9530
9.9623
9.9698
9.9758
9.9807
9.9845
9.9877
9.9901
9.9921
9.9937
9.9950
9.9960
9.9968
9.9975
9.9980
9.9984
9.9987
9.9990
9.9992
9.9994
9.9995
9.9996
9.9997
9.9997

a qaaan

c3

.o
2.1614E-02
- 14386
-40503
.80299
1.3153
1.9115
2.5603
3.2332
3. 9066
4.5619
5. 1854
5.7681
6.3043
6.7915
7.2293
7.6190
7.9629
8.2642
8.5265
8.7535
8.9488
9.1162
9.2590
9.3803
9.4830
9.5696
9.6425
9.7036
9.7548
9.7974
9.8329
9.8624
9.8869
9.9072
9.9239
9.9377
9.9490
9.9584
9.9660
9.9723
9.9774
9.9816
9,.9851
9.9879
9.9902
9.9920
9.9935
9.9948
9.9958
9.9966
9.9972
9.9978
9.9982

a onaek

cy

.o
1.3344E-03
1.7523E-02
7.2926E~02
. 18988
.38269
.65642
1.0081
1.4288
1.9057
2.4242
2.9696
3.52117
4.0859
4.6337
S5.1623
€.6653
6.1379
6.5770
6.9811
7.3497
7.6833
7.9830
842505
8.4879
8.6975
8.8815
9.0423
9.1823
9.3037
9.4085
9.4988
9.5762
9.64824
9.6989
9.7469
9.7877
9.8222
9.8514
9.8760
9.8966
9.9140
9.9285
9.9407
9.9508
9.9593
9.9663
9.9722
9.97M
9.9811
9.9844
9.9872
9.9895
9.99 14

O 0020

c5

.0
6.6035E-05
1.72178-03
1.0650E-02
3.66028~02
9.1246E-02
.18576
32902
.52653
.78014
1.0882
1.4462
1.8474
2.2835
2.7455
3.2245
3.7116
4.1988
9.6789
5.1860
5.5951
6.0222
6.4248
6.8009
7.1494
7.8701
7.7633
8.0296
8.2701
8.4862
8.6794
8.8513
9.0037
9.1381
9.2563
9.3599
9.4503
9.5291
9.5974
9.6565
9.7075
9.7514
9.7890
9.8213
9.8489
9.8725
9.8925
9.9095
9.9240
9.9362
9.9465
9.9552
9.9626
9.9688

o a7r10
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$33CONTINUOUS SYSTEM MODELING PROGRAM III vinl TRANSLATOR OUTPUTSS$S

*  CSMP 1II EXAMPLE PROBLEN §
¢ PIVE REACTORS 1IN SERIES USING A
* PROCECURE SECTION WITH A FIRST ORDEE REACTION
INITIAL
PABRAM 32=0., VTOTAL=20.,P=2.0,M=5,C0=10.,K=0.1
FIXED I,Jd,M :
NOSORT
*  INSERT THE INITIAL CONDITIONS
*  'D0 LOCPS' MUST BE USED ONLY IN PROCEDURAL SECTIONS
DO 10 I=1,M :
10 ICC (I)=2
SORT
*

&
™

THETA=VTOTAL/ (FLOAT (M) *F)
DYHANIC

C=INTGRL (ICC,CDOT,S)
* THIS TYPE OF INTGHL SPECIFICATION AUTOMATICALLY
* CREATES ABRAYS CALLEL C,1CC,CDOT
PROCEDURE CDOT=SOLVE(C,ICC,CQ,K)

CDOT (1) = (CO-C(1))/THETA -K*C (1)

DO 20 J=2,M

CDAT {J) = (C (J=1) ~C (J) ) /TBETA -K*C (J)
20 CONTINUE
ENDEBOCEDURE
L

*

TERMINAL

PRINT C(1-5)

QUTPUT C({1-5)

PAGE SHADE

CUTPUT C(1-5)

PAGE CONTOUR

TIMER PINTIN=30.,0UTDEL=0.5,PRDEL=0.5
END

* CONPARE THE PREVIOUS CASBS TG THE CASE WITH NQ REACTICN
PARAM K=0.

END

* NOW RUN AM IMPULSE TEST

PARAM 2%=10.,C0=0.0

END

# NOW RUN AN IMPULSE TEST WITH REACTION
PARAN K=0.1

END

STOP

OUTRPUT VARIABLE SEZQUENCE
221000 THEIA CDOT (¢



- CSMP III VEESION V1M3 SIMULATION OUTPUT

TIME c(1) c(2) c(3) c(w) c(5)
~ .0 .0 .0 .0 .0 .0

.500000 2.1598 .25650 2.0829E-02  1.3826E-03  6.3383E-05
1.00000 3.7599 .84656 .13375 1.6201E-02  1.5863E-03
1.50000 4.9452 1.5800 .36373 6.4908E-02  9.4233E-03
2.00000 5.8234 - 2.3429 .69739 . 16285 3.1132E-02
2.50000 6.4739 3.0707 1.1062 .31656 7.4654E-02
3.00000 6.9558 3.7303 1.5589 53424 . 1631
3.50000 7.3128 ' 4.3082 2.0276 .73814 .24967
4.00000 7.5773 ' §.8025 2.4901 1.8671 .38527
4.50000 7.7733 5.2176 2.9304 1.3788 .55094
5.00000 7.9184 5.5615 3.3380 1.7012 .7u241
5.50000 8.0260 5.8431 3.7070 2.0238 .95409
6. 00000 8. 1056 6.0716 4.0350 2.3379 1.1798
6.50000 8. 1640 6.2557 4.3222 2.8367 1.4131
7. 00000 8.2084 6.4029 4.5704 2.8157 1.6484
7.50000 8.2408 6.5201 4.7825 3.1718 1.8804
8.00000 8.2647 6.6130 4.9621 3.4036 2.1048
8.50000 8.2825 6.6862 5.1130 3.6108 2.3183
9. 00000 8.2957 6.7437 5.2387 3.7939 2.518%
9.50000 8.3054 6.7888 5.3427 3.6542 2.7038
10.0000 8.3127 6.8239 5.4284 4.0933 2.8732
10.5000 8.3180 6.8513 5.4986 4.3131 3.0265
11.0000 8.3220 6.8726 5.5557 8.3154 3.1640
11.5000 8.3249 6.8891 5.6021 4.4023 3.2861
12.0000 8.3271 6.9019 5.6396 4.4757 3.3938

w  12.5000 8.3287 6.9118 5.6698 4.6373 3.4880

T 13.0000 8.3299 6.9194 5.6980 4.5887 3.5700

N 13,5000 8.3308 6.9253 5.7134 4.8315 3.6408
14.0000 8.3315 6.9298 5.7289 4.6869 3.701¢€
14.5000 8.3319 . 649332 5.7412 8.6962 3.7537
15.0000 8.3323 6.9359 5.7510 4.7202 3.7979
15.5000 8.3326 6.9379 5.7587 4,2398 3.8353
16.0000 8.3328 6.9395 5.7648 4.7558 3.8669
16.5000 8.3329 6.9406 5.7696 4.7689 3.8934
17.0000 8.3330 6.9415 5.7734 4.7795 3.9155
17.5000 8.3331 6.9422 5.7764 3.37881 3.93u40
18.0000 8.3332 6.9428 5.7788 4.7950 3.9493
18.5000 8.3332 6.9432 5.7806 4.8005 3.9620
19.0000 8.3332 6.9435 5.7820 4.8050 3.972¢
19.5000 8.3333 6.9437 5.7831 4.68086 3.9811
20.0000 8.3333 6.9439 5.7840 4.6115 3.9882
20.5000 8.3333 6.9440 5.7847 4.8138 3.9940
21.0000 8.3333 6.9441 5.7852 4.8156 3.9988
21.5000 8.3333 6.9442 5.7856 4.8170 4.0026
22.0000 8.3333 6.9443 5.7859 4.8182 4.0058
22.5000 8.3333 6.9443 5.7862 4.8191 4.0083
23.0000 8.3333 6.9443 5.7864 4.E198 4.0104
23.5000 8.3333 6.9444 5.7865 4.8204 4,012C
24.0000 8.3333 6.9444 5.7866 4.8209 4.0134
24.5000 8.3333 6.9444 5.7867 4.8212 4.014%
25.0000 8.3333 6.9444 5.7868 4.6215 4,0153
25.5000 8.3333 6.9444 5.7869 4.8217 4,0160
26.0000 8.3333 6.9444 5.7869 4.8219 4,0166
26.5000 3.3333 6.94044 5.7869 4.8220 4.017¢
27.0000 8.3333 6.9444 5.7869 4.6221 4.0174
27.5000 8.3333 6.9444 5.7870 4.8222 5.0177

28.0000 8.3333 6.9444 5.7870 4.8223 4,017S
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SHADED PRESENTATION FOR C (1) GREY SCALE ' *= 1,00 QR LESS

v-1= 1,00
‘er= 4,00
ar= 7,00

TIME
.0
.50000
1.0000
1.5000
2.0000
2.5000
3.0000
3.5000
4.0000
4.5000
5.0000
5. 5000
6.0000
6.5000
7.0000
7.5000
8.0000
8.5000
9.0000
9.5000
10.000
10.500
11.000
11.500
12.000
12.500
13.000
13.500
14.000
14,500
15.000
15.500
16.000
16,500
17.000
17.500
18.000
18.500
19.000
19.500
20.000
20.500
21.000
21.500
22.000
22.500
23.000
23.500
24.000
24.500
25.000
25.500
26.090

-~n

TO 2.00 t=v= 2,00 T0 3.00 2tz 3,00 0 4.00
TO 5.00 tx'= 5,00 TO 6.00 'ge= 6,00 TO 7.00 '-
TO 8.00 ta'= 8,00 TO 9.00 9= 9,00 OR GREATER
1 2 3 4 5
RENw o cmamm ® e omo oo
LR R L L o
E Y Y R Y Y X R R R R R R o b R -
IXXXXX 4440834442000 f st S St ccavanccsvacaacnan
EEF 11 0006000 R TR R ER R F B T R D b L T O
EXEEXZEZXXITIXXIIX4 44444434008 RR IR K==y m== .
AEAE XX I 211X+ 440000404 2R R Rt o s S Y e er cerccceccccnennaaaaas
QAR XEER AR AAXTIINIXXIXX 4424444 42 0440 RR 4R RS RR A==z ==z ——————
L UL L T R N R 00 DD 00 d o e R R Ty TRy R R R L L L T e N Y Y T
SAdaEdaddaaGIZ IS IR EZEEEENIIINIIIIIZIIF 4004040000445 00580 RRR SRRz - -—
GG dGGaadENde I IR E RS IR IR R IR RI4 0000400004444 00 S0t Rt R AR =R oS T N RIS S e e c e cnerr e rc e e e e renee -
AN IGdaaaEauEI R RS 2R RN RN XX IXXXIXIXIRNG 04000004 40004800 R RSttt RA o e e eSS Ce e ncm e e r - ce———— .-

160ddeS0GaGaaGaSE I EIEEE IR R RS X XXX N NIR RS0 444500004440 0 448N R AN SRR A R I TSRS RS =X SR N NP S~ m e e a e e ———
[ LT e L S L L LR 3R 2800000000000 ¢0000C XX IR YR YYYY YNNI S22 2222 ST PEFErEes sy a2 T
GEEENAeEGdeNaaaeaERENE I I 2SR RN XXX IR XIIXIIRER404 4000400400000 04 002 R R A AR AR AR R R T === ST T RSN S IS e
AR 0439S EE AR 2 RE X AR EINIXITIXIXIXIXIXININF 4080004000400 4 004802 RK XX R RR RN SRR Sz ans
GG GASGEd e AN S RRAERIZIRERTEIX ARSI RINIXIXIIXXIIXIIIXIING 4444000444440 400000000208 R SRR KRR RS ¢z 2= 2zzaxz2as
QIR NNGIdAGCEGRONGENEaS I IR IR AR AR RRRARSEIIIXIXIIIXISIRXIXKX 4444404 4044000044300 0 005N R RA R0 R0 RN Sz sx===n
AR aaRGEdauatEaqeeaauaaEE R IR SRR AR IR ARXIXIIXIIXIXXXXIXRIXXIF 4000444004500 40 0000450 KR4 8008006 ER=x=x=x
N RANGEIAGeaa A R NSRRI N R R R E XA IR AR AXIXXIRIXIIXXAINIXIEXX 4444400040008 0440844 40X R MR RARR A AR ERREE SRz =
16aGACNGaG A At INanAARueRaE I X RE RN SRR IXIAXXIIXIXIZRIXIXNIAX G4 440044 4043000080000 4 400 R AR RAARRRRERE AL SRR S %R
NG R GG deENGaaaaN G EaEEE I 2 E R S X RN RS AR RS AR XA RX IR XXX XXXXIXIXXXIIN 440040 0004440004400 4 40 0RR R RRENRSNERE XSRS ES
GRG0 NeRaGaNanaa e ananaaoRAR I E XX R X E XX SR AR ZEXITXXXIXXIAIXXIXXXXXXEXX 440044000 0443000000000 00 00000080 RRRRRRAREEES
(L PP L L L L L D L LT R FEEf R i PR st 00000000000i0 30008009000 C T YIRS 2RYSIRILALLEL L2t dd s sddlh il
AR ARGEUON NG a A uaaaRa e R XX XX X IR E R IR RN REXIXI XXX IAXIIEIXAXIIXXXRXAH 4403044004300 000 3040000000008 R0 R%K
3N 0adddadEnNeaaeaaeasaC i IR EX 2R AR RE RS RXZ XN RIIIXNIRXXXXXIXIRNIEIXRXG 4044400040400 4000000000444 0 00000 RERE%%S
L LD LI L LD L L LI ) bt bt b bl eid2490000000010000800400009900022 222222 22X L2 2 YRR 2222 2etiddiiddaly

a R EAEE XXX AR USRI ZIXIXXXIIIRXXIXIXXXAXIAXE XX G444 4440000808002 08800838 0004000050024
4240 0RGaGERaaNat AN SR aasRER I I E AR E X QX RS ZERE R R X XXXXXXIKXIXEXIXXXIXXXXIXRG G4 4400400000400 00 00000800008 45020 542
A0 ANAGuaaanuNactlIaaesaeeEa IR IR RIS SRR AR XIEAXXIXIKXXXXXZXXXXXXXIXXXIX A 4044000000300 0004 0000000008000 05 540
1666000 EAN GGG A AN ENOENAI IR SRR RN B R R RREX XX XXX IIXIRAXXXXIIXIXNXIZ A4 ¢4 0030000400000 00000000000 000000000
(L Ll L L R bR Rt bR i00000000: 630098000090 953083 YT TRTSLYLLLSLSRLLL SRS L Lt
f0GENaaAEdaNa e N E NG NeaEa IR R XSS R AN AR AR XX XXX IR IXIIXAXIEIXXIXINNXIS 000044800000 0040040000000 000000000
10 ANEdadERa e s aAeaas e ad R I AZ IR R XA R IR AR AN ISR R XXX XX XXX XXXXRAXIXRIXIIIZAE4 444003400430 00300400000000 000000022
(60N Ead G AN aaeaaeiaeaReeuE RIS I SRR R R A R AR R RS EIX XXX R AR X XXX RXXXXXXXIXIXIXXE S0 0000 200400 400830000 20000000000 %0¢
ttaanacaddaadaqaaansas ARG EEE I I XA X RIS IR AR IR XL XXX XIRKXXXXIXIXXXIXIIXXAXXG 084000800004 0000480800000040040 002
60 NAGEA NG aRNAG AR aNeaEE I R R AR E AR R R AR 2R R AT XXX IR XXX XXX IXXXXIIXAIXX 4400040000500 0000000000438 0080002 0%
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CONTOUR PRESENTATION FOR C(1)

1'= 1,00
'6'= 6.00

TINE
.0
.50000
1.0000
1.5000
2.0000
2.5000
3.0000
3.5000
4.0000
4.5000
5.0000
5. 5000
6. 0000
6.5000
7. 0000
7. 5000
8. 0000
8. 5000
9.0000
3. 5000
10.000

»  10.500

11.000

® 11.500

12.000

12.500

13.000

13.500

14.000

14.500

15.000

15.500

16.000

16. 500

17.000

17.500

18.000

18.500

19.000

19.500

20.000

20.500

21.000

21.500

22.000

22.500

23.000

23.500

24,000

24,500

25.000

23.500

26.000

26.500

Y AN

1

2= 2.00

*7'= 7.00

3.00
8.00

SCALE VALUES L= .0

2

Tyr=
1g1=

4.00 15'= 5,00
9.00 *H'=  10.0

3

8

5
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2222222 LLILLILLLLLLIEILLLILLILLIILLLLLLLLLLLLLLLLLLLLLLLLLLLLILLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL
4 33333 11111111 L1ILLLILLLLLLLLLLLLLLLLLLELLLLLLLLLLLLLLLLILLLLLLLLLLELLLLLLLLLL
55 44444y 2222 LARRRRPRRREA) LLLLLLLLILLLLLLLLLLLILLLLLILLLLLILLLLLLLLLLLLLLL
6 5555 3333 222222222 ERRRARARR) LLLLLLLILLLLILLLLLLLLLLLLELLLLLLLL
66666 5555 Luu4y 333333 2322222 LARRRSREREERRARERE) LLLLLLLLLLLLLLLLLLLLLL
717 6666 au44 3333333 2222222 ARRRARARERRRRE) LLLLLLLL
177717 66666 55555 4uq44844 333333 222222222 M L
177717 55555 qugbaay 333333 22222222222 ARRRRRRNRRARRRRAR)
8 77717 66666 555555 4848444 33333333 , 2222222222 AR RERRERERREREREA]
888 7717711 666666 su4444 333333333 222222222 ARRRREERRRRRERD |
8884 1771771 6666666 555553 saa4q4g 333333333 22222222222 11111111
888888 6666666 5565555 8443444848 33333333 222222222222 "
80688888 6666666 5555555 a8 444444 333333333 222222222222
86888388 1771771117 66666666 §5555555 ga44844a48 333333333 22222222222
888888888 7M1 66666666 £5555555 444448404 333333333133 222222222
8888458888 1711777711 666666666 555555555 Quu4uauay 33333333333 2222
8688888488 17771717777 666666666 5555555555 an444444040 3333333330
8888868888 17777717717 6666666666 5585555555 Quuguuayus 3333333331
8480888888 171717177717 6666666666 §5555555555 nuu8a8448400 33332333333
8888688888 1717717777717 66666666666 55555555555 q444u445u488484 333333333
8888888888 171717777717 68666666666 55555555555 quaasuyaggaus 333333
86888808388 1791771717117 6E666666666 55555555555 Gubouuusnuaay 333
8888888888 1771717177717 66666666666 555555555555 usuyauuguanny
8888888888 171717717177 666666666666 5555555555555 Bas4u048u4440y
8888858488 111771717777 666666666666 5555555555555 GauuuaunagLyay
8088888888 177771777777 666666666666 5555555555555 La044444444040
gg888u8888 1171717171717777 666666666666 5555555555555 qanyaaguqu49a4n
88888888888 1177717717177 666666666666 5555555555555 quugu4444u80040
48888888888 1171717777177 666666666666 55555555555555 qunauuuuuna4u844
88888888888 1771177171717 6666666666666 55555555555555 4ugqusa9484444y
83848888888 1777717717117 6666666666666 55555555555555 4uu444440444044
88888888888 1717171777777 666666666666 555555555555555 su48448 444404
388884888888 1771777171777 666666666666 55555555555555 sunuueuuLa4
83888683888 1777117777177 566666666666 55555555555555 Guubasusuuuy
88888880888 117771717171777 666666666666 £€55555555555555 gauuuu440uy
888888368888 1177171711777 666666666666 555555555555555 suupuubuagy
888888683888 1717771177177 6566666666666 555555555555555 aua4auyu4y
88888083888 7711777777177 666666666666 555555555555555 anguagunay
88888888888 171777171171717 6666666566666 5555555555555555 - aauaqanguy
88884883888 17717171717171177 6666666666666 §555555555555555 | 44084445440
888888488888 7717717717777 6666666666666 5555555555555555 l uau4ua49u444
86888883888 17717177177171717 6666666666666 555555555555555 | uauysuugy
88688388888 1777171771777 6666666666666 555555555555555 | su4au4844
88838888888 11IMNM711777 6666666666666 555555555555555 . bug44a4ay
8668838483888 117177717177 666666666666€ 555555555555555 44404444y
88888888888 7771717177717 6666666666666 555555555E£55555 4huu4yauy
888888838388 1717771771771 6666666666666 555555555£55555 quuyaguyy
88888883888 177171717777177 6666666666666 555555555555555 quauuunyy
88388844888 7271771717177717 6666666666666 555555555555555 quaubibuny
84888884888 1717177171777 717 6666666666666 555555555555555 4anu44444
8y888688888 17771717171171717 666666666666¢€ 555555555555555 aau4a0404
68838883888 7177793717717717 6666666666666 555555555555555 busuuuuuy
888588808888 1717771711777 6666666666666 555555555555555 4ui4uug4ay
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CSMP III VEFSION V1INM3 SIRBUIATICN CUTPUT

TIME

.0
500000
1. 00000
1.50000
2.00000
2.50000
3.00000
3.50000
4.00000
4.50000
5.00000
5.50000
6. C0000
6.50000
7.€0000
7.50000
8. 00000
8.50000
$.00000
9.50000
10.0000
10.5000
11.0000
11.5000
12.0000
12.5000
13.0000
13.5000
14.0000
14.5000
15.0000
15.5000
16.0000
16.5000
17.0000
17.5000
18.0000
18.5000
19.0000
19.5000
20.0000
20.5000
21.0000
21.5000
22.0000
22,5000
23.0000
23.5000
24.0000
24.5000
25.0000
25.5000
26.0000
26.5000
27.0000
27.5000
23.0000

c(n
0

2.2120
3.9347
5.2763
0.3212
7.1343
7.7687
8.2622
8.6466
8.9460
9.1791
9.3607
9.5021
9.6123
9.6980
9.7648
9.8108
9.8574
9.8839
9.9135
9.9326
9.9475
9.9591
9.9682
9.9752
9.9807
9.9850
9.9883
9.9903
9.9929
9.9945
9.9957
9.9966
9.9974
9.99380
9.9984
9.99838
9.9930
9.9932
9.9994
9.9395
9.9996
9.99917
9.9998
9.9938
9.9993
9.9989
9.9999
9.99399
9.9999
10. 000
10.000
10. 000
10.000
10.000
10.000
10. 000

C(2)
«264979
«90205
1.7336
<.6424
3.5537
4.4218
5.2212
5.9399
6.5745
7.1270
7.6027
£€.0085
8.3521
8.6411
8.8829
9.0842
9.2511
95.3890
9.5025
9.5957
9.6720
S.7344
9.7852
9.8265
$.8600
9.8872
9.9092
9.9270
9.9414
9.9530
9.9623
9.9698
9.9758
9.9807
9.9845
S.9877
9.9901
9.9921
9.9937
9.9950
9.9360
9.9568
9.93875
9.9980
9.93984
9.9987
9.9990
9.9992
9.9994
9.9995
9.9996
9.9997
9.9997
9.9938
9.9998
9.9999

C(3)
0

2.1614E-02

« 14386
«40503
«80299
1.3153
1.9115
2.5603
3.2332
3.9066
8.5619
5.185%
5.7681
6.3043
6.7915
7.2293
7.6190
7.9629
8.2642
8.5265
8.7535
8.9488
9.1162
9.2590
9.3803
9.43830
9.5696
S.6425
9.7036
9.7548
9.79748
9.8329
9.8624
9.8869
9.9072
9.9239
9.9377
9.9490
9.9584
9.9660
9.9723
9.9774
9.9816
9.3851
9.9879
9.9902
9.9920
9.9935
9.9948
9.9958
9.9966
8.9972
3.9978
9.9982
9.9985
9.9988
9.9990

5-5

c(4)
0

1.3344E-03
1.7523E-02
7.2926E-02
. 18588
«3€269
<6E6U2
1.0081
1.4288
1.5057
2.48242
2.9696
3.8271
4.GES9
4.86337
5.1623
5.6653
6.1379
6.5770
6.9811
7.3497
7.6833
7.9830
8.2505
8.4879
8.6975
8.68815
9.0423
9.1823
9.3037
9.4085
9.4588
9.5762
9.8424
9.6589
9.3469
9.7877
9.8222
9.8514
9.8760
9.8966
9.9140
9.5285
9.9407
9.5508
9.5593
9.5€63
9.9722
9.8771
9.6811
9.5844
9.9672
9.5895
9.5914
9.9929
9.9942
9.9952

C(3)
0

6.6035E-05
1.7217E-03
1.065CE-02
3.6602E-02
9.124€E-02
«1857¢
« 32902
«£2653
-»78014
1.0882
1.4462
1.8474
2.2835
2.745¢
3.2245
3.711¢
4.1988
4.6785
3.146C
5.5951
6.0222
6.424¢E
6.8009
7.1494
7.4701
7.7633
8.0295
8.2701
8.4862
8.6794
8.8513
9.0037
9.1381
9.2563
9.3596
9.4503
9.5291
S5.5974
9.6565
9.707¢%
9.7514
9.789C
9.8213
9.8489
9.872¢%
9.8925
9.9095
9.924C
9.9362
S.9465
9.9552
9.9626
9.9688
9.9739
3.9783
9.9818




$33CONTINICUS SYSTEM MOCEIING PROGBAM III vinl TRANSLATOE OUTPUT$3$

¢ CS3P III EXAHPLE PRCBLEM 6
* BIOLOGICAL REACTOR WITH NO RECYCLE USING MONOD FUNCTIGN GROWTH
* BATE KINETICS
INITIAL
PARAM MUHAT=0.2,KD=0.005,KS=200.,¥=0.5
PARAM V=10.,F=0.5,ICX1=50.,ICS1=5.0,X0=0.,50=200.
THEIA=V/F
DYNAMIC
HU= MUHAT*S1/(KS+S1)
X1D0T=(Z0-X1) /TdZTA +MU*X1
X1=INTGRL (ICX1,X1COT)
S1D01=(S0-51) /JTHETA -MU*X1/Y
S1=INTGRL (ICS1,S1DQT)
* USE TEE DEBUG OUTPUT 10 CETECT EREOES
NCSCRT
CALL DZBUG {1,0.0)
TERMINAL
METHOD TRAP
TIMER FINTIM=60.,00IDEL=1.0,PRDEL=1.0,DELT=0.05
ERINT MU,S1,X1
GUTBUT TIME,X1,S1
PAGE XYPLGOT,HZIGHT=4.0, WILTH=7.0
IABEL X1,51 VS. TIME FOR A CHEMOSTAT

END
STOP
OQUTPUT VARIABLE SEQUENCE
THETA MU X1p0oT X1 S1D0T S1 221002
$33 TRANSLATION TABLE CONTENIS 333 CURBENT BAXINUA
MACRO ANL STATEMENT OUTEUTS 13 600
STATEZMENT INPUT WORK AREA 50 1900
INTEGRATICRBS +MEMORY BLCCK OUTPUIS 2+ 0 300
PABRAMETEES+FUNCTION GENERAICRS 1w+ 0 400
STORAGE VARIABLES+INTEGRATCB ARRAYS 0+ 0y2 50
HISTORY AND MEMORY BLOCK NAMES 21 50
MACRO DEFINITIONS AND NESTED MACROS 6 50
MACRO STATEMENT STOBAGE 13 128
LITZRAL CONSTANT STORAGE 0 100
SORT SECTIONS 2 20
MAXIMUM STATEMENTS IN SECTION 5 600

$33END OF TFANSLATOR OUTPUIS$SS




$$3 CONTINUCUS SYSTEM MODELING PROGRAM III vinl EXRCUTION QUTPOUT $s$$

PARAM MUHAT=0.2,KD=0.005,KS=200.,Y=0.5
PARAM v=10,,P=0.5,ICX1=50.,IC51=5.0,%0=0., 50=200.
METHOD TRAE
TIMER FINTIM=60.,00TDEL=1.0,PRDEL=1,0,DELT=0.05
PRINT ¥U,51,X1
OUTPUT TIME,X1,51
PAGE XYPLOT,HEIGHT=4.0,WILTH=7.0
LABEL X1,S1 VS. TINZ FOR A CHEMOSTAT

END
TIMER VARIABLES TRAPZ INTEGRATION START TIME = .0
DELT DELMIN PINTIN PRDEL OUTDEL DRLHMAX
5.0000D-02 6.0000D-06 60.000 1.0000 1.0000 1.0000
DEBUG 1 ouTPUT 1 KEEP 0 DELT 5.0000D-02 TINE 0.0
PARAMETERS
F «50000 KD 5.0000E-03 KS 200.00
v 10.000 10 .0 1 «50000
INTEGRATOR VARIABLES
LOCATION OUTPUTS DERIVATIVES INITIAL CONDITIORS
1 11 50.000 X1DoT -2.2561 Icin 50.000
2 51 5.0000 S1poT 9.2622 ICcsY 5.0000

¢-9

OUTPUT VABRIABLES
My 4.8780E-03 THETA 20.000 221002 <0



CSMP III VERSION V1IM3 SINOUIATICHN GUTPUT

TIME

.o
1.00000
2.00000
3.00000
4.00000
5.00000
6.C0000
7.00000
8.00000
9.00000
10.0000
11.0000
12.0009
13.0000
14.0000
15.0000
16.0000
17.0000
18.0000
19.0000
20.0000
21.0000
22.0000
23.0000
24.0000
25.0000
26.0000
27.0000
28.0000
29.0000
30.0000
31.0000
32.0000
33.0000
34.0000
35.0000
36.0000
37.0000
38.0000
39.0000
40.0000
41.0000
42.0000
43.0000
44,0000
45,0000
46.0000
47.0000
48.0000
49,0000
50.0000
51.0000
52.0000
53.0000
54.0000
55.0000
56.0000

U

4,3780E-03
1.2780E-02
1.9216E-02
2.45738-02
2.9106E-02
3.2991E-02
3.6353E-02
3.9236E-02
4.1861E-02
4.4132E-02
4.6 143E-02
4.7928E~-02
4.9517E-02
5.0932E-02
5.2193E-02
5.3317E-02
5.4317E-02
5.5206E-02
5.5995E-02
5.6692E-02
5.7306E-02
5.7843E-02
5.8311E-02
5.8714E-02
5.9059E-02
5.9349E-02
5.9589E-02
5.97838-02
5.9935E-02
6.0047E-02
6.0123E-02
6.0166E-02
6.0178E-02
6.0161E-02
6.0120E-02
6.0054E-02
5.9967E-02
5.98612-02
5.9737E-02
5.9597E-02
5.9443E-02
5.9276E-02
5.9098E-02
5.8911E-02
5.8715E-02
5.85128-02
5.8303E-02
5.8089E-02
5.7871E-02
5.7651E-02
5.7428E-02
5.7205E-02
5.6981E-02
5.6757E-02
5.6535E-02
5.6314E-02
5.6096E-02

s1
5.0000
13.653
21.259
28.015
34.0¢€3
39.507
44.428
48.889
s2.941
$6.627
59.981
63.034
€5.811
68.334
70.623
12.697
74.569
76.255
77.768
79.119
80.320
81.380
82.308
83.115
€3.807
84.392
84.879
85.273
85.581
85.810
85.965
86.052
86.077
86.044
85.959
85.825
85.648
85.431
85.178
84.894
84.582
84.245
€3.886
83.509
83.115
82.709
82,292
81.866
81.435
80.999
80.560
80.121
79.683
79.247
78.814
78.385
77.963

X1
50.000
47.990
46.390
45.108
43.078
43.252
42.596
42.082
41.688
41,398
41.197
41.076
41.024
41.034
41.098
41.212
§1.370
41.568
41.801
32.067
42.363
42.685
43.031
43.399
43.787
44.192
44.612
45.0u46
45.493
45.949
46.415
46.888
47.368
47.852
48.339
48.829
49.321
49.812
50.302
50.791
51.277
51.759
52.236
52.709
53.175
53.635
54.088
54.533
583.969
55.398
55.817
56.226
56.627
57.017
57.397
57.767
58.126

6-3




335CONTINUCUS SYSTEHY MODELING PEOGRAM III LAR-K) TRANSLATOR QUTPUTIS3S

# CSAFII1 EXAMPLE PROBLEM 7
*+ FOUR BIOLOGICAL REACTCRS IN SERIES WITH RECYCLE USIKG
* A MACEO SECTION
MACRO SJ,XJ,FTJ=CST& (FRJ,FJ,SCJ,SRJI, 10J,XBJ, MUHAT,KS,KL,¥,¥J,I1CSJ, ICXJ)
* ALL TEE VARIABLES IN A MACRO SECTICN ARE DUMMY VARIAELES
* CONSTANIS SUCH AS KS,KD,Y¥, ETC. NEED KOT BE DUMMY VARIABLES,NOR
* MUST THEY APPEAK IN THE MACRG LABEL
* THIS SECTION OF THo PRCGEAM IS CALLED THE MACRO SPECIFICATION
* NO CONTINUATION CARDS ARE ALLCWED WITHIN THE MACBO SEFECIFICATION
* SECTICN
PTJI=FJ+FRJ
XJDOI= (FJ*XOJ+FRJI*IEJ-XJ*PTJ) /V3 +HMUJI*XJ -KD*XJ
XJ=INIGRL (1CXJ,XJDOT)
SJIDCT=(FJ*SOJ+FRJ*SRJI-SJI*FTJ) /VJ -MUJ*XJI/Y
SJ=INTGAL (IC5J, SJLOT)
MUJ=MOHAT*5J/ (SJ+KS)
ENDMAC ‘
* NOTICE THAT THE MACEQ SPECIFICATICN SECTION PRECEDES ALL CTHER
* STRUCTURE STATEMENTS
INITIAL
PARAM S0=20J.,X&=10000., KS=200.,KD=0.005,M0HAT=0.2,Y=0,5
PARANM F=2.0,VTOTAL=10.,FR=0.5,%C=0.
V=VICTAL/i.
I1CS1=0.
1Cs2=0.
ICS3=0.
IC54=0.
ICX1=1500.
ICX2=1500.
ICX3=1500.
ICX4=1500.
DYNAMIC
*  PIRST CSIR
$1,X1,FT1=CSTR (FR,P,S0,SR,X0,XR,M0HAT,KS,KD,Y,V,IC51,ICX1)
* SECOND CSTR
s2,X2,PT2=CSTR(0.0,F11,51,0.0,X1 ,0.0,M4U0HAT,KS,KD,1,V,ICS2,ICX2)
* THIRD CSTR
$3,%3,FT3=CSTR{0.0,FT2,52,0.0,X2,0.0,4U4AT,KS,&D,Y,V,ICS3,1ICX3)
* FODRTH CSTR
S4,X4,FT4=CSTR(0.0,F13,53,0.0,X3,0.0,MUHAT,KS,KD,Y,V,ICS4,ICX4)
*
SR=54
NOSORT
CALL DEBUG (1,0.0)
TERMINAL
TIAER FINTIM=15.0,0UTDEL=0.25,PRDEL=0.25,DELT=0.05
METHOD TRAE
ERINT S1,52,53,S54,%1,X2,X3,X4
OUTPUT S1,52,53,54
QUTEUT X1,X2,X3,%4
END
STOP

7-1




$33 CONTINODOUS SYSTEM MODELING PRGGRAM III vinld EXECUTICMN OUTPUT $$$

PARAM S0=200.,XR=10000., KS=200.,KD=0.005,MUHAT=0.2,¥=0.6
EARAM P=2.0,VTOTAL=10.,FR=0.5,20=0.

TIMER FINTIN=15.0,00TDEL=0.25,PRDEL=0.25,DELT=0.05

METHOD TRAE

PRINT 51,52,53,S4,31,£2,%3,x4

QUTPUT S51,52,53,S54

OUTPUT X1,12,X3,X4

END
TIMER VARIABLES TRAPZ INTEGRATION START TIAE =+ .0
DELT DELMIN PIRTIN PRDEL OUTDEL DELHMAX
5.00000-02 1.5000D-06 15.000 «25000 « 25000 «25000
DEBUG 1 OUTPUT 1 KEEP O DELT 5.00000-02 TINE 0.0
PARAMEIERS
F 2.0000 ER «50000 KD 5.0000E-03 XS 200.00
S0 200.00 VIGTAL 10.000 X0 -0 IR 10000.
INTEGEATOR VARIABLES
LOCATION OUTPUTS DERIVATIVES INITIAL CCNDITIONS
1 11 1500. 0 221000 492.50 Icx 1500.0
2 s1 ) 221001 160.00 ICs? -0
3 X2 1500.0 221005 -7.5000 ICx2 1500.0
4 S2 -0 221006 .0 ICs2 «0
5 13 1500.0 221010 -7.5000 1cx3 1500.0
6 S3 .0 221011 -0 ICs3 -0
g 7 X4 1500.0 221015 -7.5000 ICI4 1500.0
) 8 1) <0 221016 -0 ICcsy -0
N
OUTPUT VARIABLES
PTY 2.5000 PT2 2.5000 PT3 2.5000 PT4 2.5000
\j 2.5000 221002 -0 321007 -0 221012 .0

221020 )

MUHAT

SR
221017

20000
50000

.0
-0



CSMP III VEBSION VIM3 SIMNDIATION CUTPOT

TIME

«0

« 250000
«500000
«750000
1. 00000
1.25000
1. 50000
1.75000
2.00000
2.25000
2.50000
2.75000
3.00000
3.25000
3.50000
3.75000
4.00000
4. 25000
4.50000
4.75000
5.00000
5.25000
5.50000
5.75000
6.00000
6.25000
6.50000
6.75000
7.00000
7.25000
7.50000
7.75000
8.00000
8.25000
8.50000
8.75000
9.00000
9. 25000
9.50000
9.75000
10.0000
10.2500
10.5000
10.7500
11.0000
11.2500
11.5000
11.7500
12.0000
12.2500
12.5000
12.7500
13.0000
13.2500
13.5000
13.7500
14.0000

51
.0
254505
35.232
38.516

39. 196,
38.926
38. 390°
37.849

37.385
37.019
J6.717
36. 489
36.314
36.178
36.073
35.992
35.929
35.880
35.843
35.813
35.790
35.713
35.759
35. 748
35.740
35.733
35.728
35.724
35.721
35.719
35.717
35.715
35.714
35.713
35.713
35.712
35.712
35.7N1
35.71
35.711
35.711
35.710
35.710
35.710
35.710
35.710
35.710
35.710
35.710
35.710
35.710
35.710
35.710
35.710
35.710
35.710
35.710

52

.0

2.7006
6.0554
8.1088
9.0034
9.2011
9.0646
8.8069
8.5327
8.2843
8.0740
7.9013
7.7614
7.6488
7.5582
7.4854
7.4268
7.3796
7.3417
7.3112
7.2866
7.2668
7.2509
7.2381
7.2278
7.2195
7.2129
7.2076
7.2033
7.1999
7.1972
7. 1950
7.1932
7.1918
7.1907
7.1898
7.1891
7.1885
7.1881
7.1877
7.1874
7.1872
7.1870
7.1869
7.1868
7.1867
7. 1866
7.1866
7.1865
7.1865
7.1864
7.1864
7.1864
7.1864
7.1864
7.1864
7.1864

S3

.0

«20428
.82629
1.4675
1.9067
2.1235
2.1785
2.1409
2.0617
1.9712
1.8844
1.8074%
1.7415
1.6862
1.6402
1.6019
1.5702
1.5439
1.5221%
1.5040
1.4890
1.4766
1.4663
1.4578
1.4507
1.4449
1.4401
1. 4361
1.4328
1.4301
1.4279
14261
1.4246
1.4233
1.4223
1. 4215
1.4208
1.4203
1.4198
1.4195
1.4192
1.4189
1.4187
1.4186
1.4185
1.4184
1.4183
1.4182
1.4181
1.8181
1.4181
1.4180
1.4180
1.4180
1.4180
1.4180
1.4180

S

.0

1. 1532E-02
9.11588-02
«22538
« 35856
-86504
«56702
« 52266
<5147
< 48434
- 46920
- 48375
<4304
« 39921
38108
« 36557
«36236
«38115
+«33164
« 31357
«31674
«31094
«30602
- 30186
« 29833
« 29534
26282
- 29068
.28888
« 28736
28608
« 28500
28410
- 28334
« 28270
.28217
«28173
«28136
« 28105
- 28079
+ 28057
« 28039
« 28025
28012
«28002
» 237994
« 27987
. 29981
« 23977
+ 239973
« 27970
«27967
« 27965
«27963
23962
« 27960
« 29959

X1
1500. 0
1613.86
1707.3
1782.3
1841.5
1888.0
1924.3
1952.6
1974.7
1991.8
2005. 2
2015.6
2023.6
2029.9

2034.8 .

2038. €
2041.6
2043.9
2045.7
2047.0
2048.1
2049.0
2049.6
2050. 1
2050.5
2050. 8
2051.1
2051.13
2051.4
2051.5
2051.6
. 2051.7
2051.7
2051.8
2051.8
2051. 8
2051.8
2051.9
2051.9
2051.9
2051. 9
2051.9
2051.9
2051.9
2051.9
2051.9
2051.9
2051.9
2051.9
2051.9
2051.9
2051.9
2051. 9
2051.9
2051.9
2051.9
2051.9

X2
1500.0
1512.2
1545.7
1591.1
1641.7
1692.9
1741.8
1787.0
1827.6
1863.4
1894.6
1921.4
1944.3
1963.7
1979.9
1993.5
2004,.8
2014.1
2021.9
2028.2
2033.4
2037.7
2041,2
2044.0
2046.3
2048.2
2049.7
2050.9
2051.9
2052.7
2053.3
2053.8
2054.2
2054.6
2054.8
2055.0
2055.2
2055. 4
2055.5
2055.6
2055.6
2055.7
2055.7
2055.8
2055.8
2055.8
2055.8
2055.8
2055.8
2055.9
2055,9
2055.9
2055.9
2055.9
2055.9
2055.9
2055.9

X3
1500.0
1499.2
1504.2
1517.2
1538.2
1566.0
1598.8
1634.7
1672.1
1709.6
1746.1
1780.9
1813.4
1843.3
1870.5
1894.9
1916.6
1935.7
1952.5
1967.1
1979.7
1990.5
1999.8
2007.7
2014.4
2020.1
2024.9
2028.9
2032.3
2035.1
2037.5
2039.4
2041.0
2042.4
2043.5
2044.4
2045.1
2045.8
2046.3
2046.7
2047.0
2047.3
2047.5
2047.7
2047.9
2048.0
2048.1
2048.2
2048.3
2048.3
2048.3
2048.4
2048.4
2048.4
2048.5
2048.5
2048.5

xa

1500.0
1498.2
1497.2
1498.5
1503.3
1512.6
1526.6
1545.1
1567.7
1593.5
1621.8
165%.7
1682. 4
1713.1
1743.4
1772.5
1800.3
1826.4
1850.7
1873.0
1893.3
1911.7
1928.3
1943.0
1956.1
1967.6
1977.7
1986.6
1994.3
2000.9
2006.7
2011.6
2015.9
2019.5
2022.6
2025.2
2027.4
2029.3
2030.9
2032.2
2033.3
2034.3
2035.1
2035.7
2036.3
2036.7
2037.1
2037.4
2037.7
2037.9
2038.1
2038.2
2038.3
2038.4
2038.5
2038.6
2038.7



=L

TIME
<0

« 25000
. 50000
«75000
1.0000
1.2500
1.5000
1.7590
2.0000
2.2500
2.5000
2.7500
3.0000
3.2500
3.5000
3.7500
4.0000
4.2500
4.5000
8.7500
5.0000
5.2500
5.5000
5.7500
6.0000
6.2500
6.5000
6.7500
7.0000
7.2500
7.5000
7.7500
8.0000
8.2500
8.5000
8.7500
9.0000
9.2500
9.5000
9.7500
10.000
10.250
10.500
10.750
11.000
11.250
11.500
11.750
12.000
12,250
12.500
12.750
13.000
13,2590
13.500

st

-0

25.505
35.232
38.516
39.196
38.926
38.390
37. 849
37.385
37.010
36,717
Jo.489
J6. 314
36.178
36.073
35.992
35.929
35.880
35.843
35.813
35.790
35.773
35.759
35.748
35.740
35.733
35.1728
35.724
35.721
35.719
35.717
35.715
35.714
35.713
35.713
I5.712
35.712
35.7M1
35.711
35.711
3.1
35.700
35.710
35.710
35.710
35.710
35.710
35.710
35.710
35.710
35.710
35.710
35.710
35.700
35.7100

-0

et bt bt b e b

[}
|
[}
]
1
[}
1
[}
]
]
[}
)

St bt it bt b et el et bt b el bt et et b bt bt et bt Pt b b b

e i e R e N N ]

et bt

'0'=54 «6000

'X'=53 2.400

'%9=52 10.00

ter1=51 40.00

O -1 b b ¢
I* 1 + I I
I X I * I + I
I o 1 X 1 * + I
I 1 0 I X * +1
I b 4 I¢ X * I
I I 1 0O x +1I
I 1 1 ox + I
I 1 I o + 1
I 1 I o + 1
I -1 - I-0-fem=cepow==]
I i 0 ¢ 4 1
I 1 Q XI * + I
I k4 0X I# + 1
1 I 0 X I + I
1 1 0 X * + X
I 4 ¢ X * 4 1
I I o X *1 + X
I I o0 X *1 + 1
h | 10 X *I + I
e el Sl DD SR Catteb ot B § -4 1
I 16 X *I + I
I 10 X *I + I
1 c X *I + I
1 c X *1 L 1
1 o X *I + I
I (03 ¢ X * 1 + 1
I c1 X * I + 1
I (oF ¢ b 4 * I + 1
I Cc1 X * I + 1
e L L e L D Ll et ted 2 Santebdd St Helecrsnncatmncan]
1 01 X * I + I
1 oI X * I + I
I 01 X L § L I
I 01z X * I + I
I o1 X LA § + 1
I 01 X * 1 + 1
I 01 X * I + 1
I o1 X * I + 1
1 0z X * I + ) |
Joececan=- EET S O DL CL ottt B Bl il Dol L §
I 01 X * I + 1
I o1 X L ¢ + I
I 01 X * 1 + I
I 01 X * 1 + 1
I o1 X * I + 1
I o1 X L & + I
I 01 X * I + I
I 01 X LD § + b ¢
1 01 X * 1 + I
I--meemmm———— 0-I----- R $ommmme 1
I, o1 X * 1 + I
I 01 X I + 1
1 o1 X * I + 1
I 01 X * I + 1
- ~ v A4 - T ry hd

52

.o

2.7006
6.0554
8.1088
9.0034
9.2011
9.0646
8.8069
8.5327
8.2843
8.0740
7.9013
7.7614
7.6u488
7.5582
7.4854
7.4268
7.3796
7.3817
7.3112
7.2866
7.2668
7.2509
7.2381
7.2278
7.2195
7.2129
7.2076
7.2033
7.1999
7.1972
7.1950
7.1932
7.1918
7.1907
T7.1898
7.1891
7.1885
7.1881
7.1877
7.1874
7.1872
7.1870
7.1869
7.1868
7.1867
7.1866
7.1866
7.1865
7.1865
7.1864
7.1864
7.1864
7.1864
7.1864

T 196N

s3

'0

« 20428
«82629
1.4675
1.9067
2.1235
2.1785
2.1409
2.0617
1.9712
‘1.8844
1.8074
1.7415
1.6862
1.6402
1.6019
1.5702
1.5439
1.5221
1.5040
1.4890
1.4766
1.4663
1.4578
1.4507
1.4449
1.4401
1.4361
1.4328
1.4301
1.4279
1.4261
1.42u46
1.4233
1.4223
1.4215
1.4208
1.4203
1.4198
1.4195
1.4192
1.4189
1.4187
1.4186
1.4185
1.4184
1.4183
1.4182
1.4181%
1.4181
1.4181
1.4180
1.4180
1.4180
1.4180

1 haan

sS4

.0
1.1532E-02
9.1158E-02
«22538
«35856
«845504
«50702
«52266
«S51471
<49u34
«46920
- 44375
«82014
«39921
.38108
«36557
«35236
«34115
»33164
«32357
«31674
«31094
«30602
+«30186
29833
«29534
«29282
«29068
.28888
«28736
28608
« 28500
28410
.28334
«28270
.28217
«28173
«28136
. 28105
.28079
« 28057
.28039
«28025
«28012
«28002
«27994
«27987
«27981
«27977
27973
«27970
«27967
« 27965
. 27963

«27962
727940



S-L

TIME
-0

« 25000
«50000
« 75000
1.0000
1.2500
1.5000
1.7500
2.0000
2.2500
2.5000
2.7500
3.0000
3.2500
3.5000
3.7500
4.0000
4.2500
4.5000
4.7500
5.0000
5.2500
5.5000
5.7500
6.0000
6.2500
6.5000
6.7500
7.0000
7.2500
7.5000
7.7500
8.0000
8.2500
8.5000
8.7500
3.0000
9.2500
9.5000
9.7500
10.000
10.250
10.500
10.750
11.000
11.250
11.500
11.750
12.000
12.250
12.500
12.750
13.000
13.250
13.500

3 7N

x1
1500.0
1613.8
1707.3
1782.3
1841.5
1888.0
1924.3
1952.6
1974.7
1991.8
2005.2
2015.6
2023.6
2029.9
2034.8
2038.6
2041.6
2043.9
2045.7
2047.0
20438.1
2049.0
2049.6
2050.1
2050.5
2050.8
2051.1
2051.3
2051. 4
2051.5
2051.0
2051.7
2051.7
2051.8
2051.8
2051.8
2051.8
2051.9
2051.9
2051.9
2051.9
2051.9
2051.9
2051.9
2051.9
2051.9
2051.9
2051.9
2051.9
2051.9
2051.9
2051.9
2051.9
2051.9
2051.9

Nr 4 o

1400. '0'=X4 2200.

11400, *X*=Xx3 2200.

1500. Yat=x2 2100.

1500. *4+0=X1 2100.

Aorono- Qemeona- Jeeocome- S C i G
1* Q + I i I I
I * 0 I + 1 I 1
I ox* 1 + I I I
I g X *I 1 + I I
I o} X I * 1 + I I
1 o X * 1 + I I
1 a IX *X + 1
1 0 I X I » I =+ 1
I CcI X 1 * I + 1
b ik I0=~== o= X-weJemenrmeccckrccc]comcnponccan==]
I I o} Xx * 1 + 1
I I o 1x * + b 4
1 I 0 I X I» 4 I
1 1 0 E ! X I * + 1
I I 01 X I * + 1
I 1 v X 1 * + b 4
I I 10 X I * ¢ I
I I I 0 X I * 4 1
I I I o I * 4 I
Iememmmeorcnnnn- Jeveromcrcw= et S e R et O Gt bl el §
1 1 1 0 X " 1
I I I 0 X *s 1
I I | ¢ 0 1 * 1
I I I o Ix * I
I I 1 0IX » I
1 I 1 oI X s I
1 I 1 o1 X *¢ 1
I I 1 0 X * 1
1 I  § [( I ¢ * X
Iecemmccnranea~ Jemommm—- -1- IC-Xx * I
I 1 1 10 X * 1
I I D ¢ IC X * 1
1 I 1 I ox * 1
I I I 101X * 1
I I 1 I0X * I
I I I Io01x - 1
I 1 1 I02X * I
I I i I oOx b 1
I 1 I I ox * 1
I-===- srecrenen]eccncnnn -1 L) Sttt et §
1 I 1 I oOx * I
I 1 b § I 0Ox * I
I I i I ox * 1
I I X I oXx * I
1 I 1 I 0Ox s I
I I 1 I ox * I
I I I I DX * I
I I 1 I ox * I
1 I F I 0Xx * I
I---swmsrcconn- == -~-1 - - I--0X-=v==ckee=]
1 I 1 I 0Ox * I
I I I I DX * I
I I I 1 ox * I
I I I I OX * I
- T T T ny * T

X2
1500.0
1512.2
1545.7
1591.1
1641.7
1692.9
1741.8
1787.0
1827.6
1863. 4
1894.6
1921.4
1944, 3
1963.7
1979.9
1993.5
2004.8
20148,1
2021.9
2028.2
2033.4
2037.7
2041.2
20448.0
2046.3
2048.2
2049.7
2050.9
2051.9
2052.7
2053.3
2053.8
2054.2
2054.6
2054.8
2055.0
2055.2
2055.4
2055.5
2055.6
2055.6
2055.7
2055.7
2055.8
2055.8
2055.8
2055.8
2055.8
2055.8
2055.9
2055.9
2055.9
2055.9
2055.9

2055.9
INR& . Q

X3
1500.0
1499.2
1504.2
1517.2
1538.2
1566.C
1598.8
1634.7
1672. 1
1709.6
1786. 1
1780.9
1813.4
1843.3
1870.5
1894.9
1916. 6
1935.7
1952.5
1967. 1
1979.7
1990.5
1999.8
2007.7
2014. 4
2020. 1
2024.9
2028.9
2032.3
2035. 1
2037.5
2039.48
2041.0
2042.4
2043.5
2044, 4
2045.1
2045.8
2046.3
2086.7
2047.0
2087.3
2047.5
20687.7
2047.9
20u8.0
2048.1
2088.2
2048.3
20u48.3
2048.3
20u8.4
2048.4
2048.4
20u8.5
onna. 8

14
1500. 0
1498. 2
1497.2
1498.5
1503.3
1512.6
1526.6
1545. 1
1567.7
1593.5
1621.8
1651.7
1682.0
1713.1
1743. 8
1772.5
1800. 3
1826. 4
1850.7
1873.0
1893.3
1911.7
1928.3
1943.0
1956. 1
1967.6
1977.7
1986.6
1994.3
2000.9
2006.7
2011.6
2015.9
2019.5
2022.6
2025.2
2027.4
2029.3
2030.9
12032, 2
2033.3
2034.3
2035. 1
2035.7
2036. 3
2036.7
2037. 1
2037.4
2037.7
2037.9
2038.1
2038.2
2038.3
2038.4
2038.5
2038, A



" $$3CONTINUCUS SYSTEM MOLELING PROGRAM 1III V1N3 TRANSLATOE OUTPUT$3S

* CSH#P I1I EXAMPLZ PRCBLEN 8

* THIS PFOBLEM ILLUSTRATES HOW EXPERIMENTAL DATA CAN EE PLCITED
INITIAL

DYNANIC

p .
1.15,11.0,1.3,12.0,1.3,16.0,1.15,18.5,1.17,20.,1.3,21., 1. 1,24.,...

1.0

3.94,66.,4.73,60.,5.51,50.,6.30 ,33.,7.10,16.

TH1=0.29583*TIME
FLOR=AFGEN (DATA1, TINE)
RRATF=NLFGEN (DATA2,TH1)

TERMINAL
PRINT FLOW,TH1,RRATE

0UTPUT TINE,FLOW

EAGE XYPLOT,HEIGHT=4.0,WILCTH=7.0

LABEL FLOW {MGD) VS. TIME (HRS)

OUTPUT TH1,BRATE

PAGE XYPLOT,AEIGHT=4.0,WILTH=7.0

LABEL REMCVAL EFFICIENCY (%) VS. OVEBFLCH RATE
TIMER PINTIN=24.,PEDEL=0.5,00TDEL=0.5

END

STOP

OUTPUT VARIABLE SEQUENCE
FLOW TH1 RRATE

$3% TRANSLATION TABLE CCNTENTIS $33 CURRENT EAXINUN
MACRO ANL STATEMENT OUTEUTS 9 600
STATEMENT INPUT WORK AREA 37 1900
INTEGBATCES+MZMORY BLCCK OUTIPUIS 0+ 0 300
PARAMETEES+FPUNCTION GERERATCARS 3+ 2 400
STORAGE VARIABLES+INTEGRATGR ARRAYS 0+ 0/2 50
HISTORY AND MEMORY BLOCK NAMES 21 50
MACRO DEFINITIONS AND NRESTED MACROS 6 50
MACRO STATEMENT STORAGE 13 125
LITERAL CONSTANT STORAGE 0 100
SORT SECTIONS 1 20
MAXINUM STATEMENTS IN SECTION 3 600

$333END OF TEANSLATOR OUTPUTSSS




TINE

.0
500000
1.G0000
1.50000
2. 00000
2.50000
3.00000
3.50000
4,00000
4.53000
5.00000
5.50000
6. 60000
6.50000
7.C60000
7.50000
8.00000
8.50000
3.00000
9.50000
10.0000
10.5000
11.0000
11.5000
12.0000
12.5000
13.0300
13.5000
14,0000
14.5000
15.0000
15.5000
16.0000
16.5000
17.0000
17.5000
18.0000
18.5000
13.0000
19.5000
20.0000
20.5000
21.0000
21.5000
22.0000
22.5000
23.0000
23.5000
24,0000

FLOW
1.0000

«93750
« 37500
«81250
«75000
«68750
.62500
«56250
«50000
«47500
« 45000
«42500
-40000
«43750
-« 47500
»51250
«55000
«70000
« 85000
1.0000
1.1500
1.2250
1. 3000
1. 3000
1.3000
1. 2813
1. 2625
1.2437
1.2250
1.2062
1.1875
1. 1687
1. 1500
1. 1540
1. 1580
1. 1620
1.1660
1.1700
1.2133
1.2567
1. 3000
1.2000
1. 1000
1.0833
1.0667
1.0500
1.0333
1.0167
1.0000

TH1
.0

- 14791
«29583
~44374
»59166
«73957
-88749
1.0354
1.1833
1.3312
1.4791
1.6271
1.7750
1.9228
2.0708
2.2187
2. 3666
2.5146
2.6625
2.8104
2.9583
3.1062
3.2541
3.4020
3.5500
3.6979
3.8458
3.9937
4.1416
4.2895
4.4374
4.5854
4.7333
4.8812
5.0291
51770
5.3249
5.4728
5.6208
£.7687
£.9166
6.0645
6.2124
6.3603
6.5083
6.6562
6.8041
6.9520
7.0939

. .CSMP III VESSION V1M3 SIMULATION QUTPUT

8-2

ERATE
79.000

78.625
78.251
77.877
77.502
77.128
76.753
76.379
76.004
75.630
75.255
74.881
74,506
74.132
73.757
73.383
73.009
72.521
71.994
71.431
70.831
70.195
69.528
68.829
68.096
67.329
66.528
65.655
64.658
63.591
62.454
61.247
59.966
58.378
56.644
54.764
52,739
50.568
48.035
45,197
42.116
38.793
35.227
31.710
28.554
25.405
22.263
19.129
16.002




$$FCORTINOCUS SYSTEM MODFLIYG PRCGRAYM TIIIX vin3 TRANSIATOR CUTPUTS:S

* MICBAEL K. STIFRNSTROM —— CHE 945 FALL 1973
/ CCHMCK /NAKE1/ A(10,10),EB(10,10)
PARAM V=0.2,D=25.,KP=0.30,KI=0.15,XD=0.05,CCONS=8.,FLAG 1=~ 1.
PARAM TSAMP=0.02,TRIN=1., ViOR%=1
TABLF HCCI (1)=6.4Z-4,HOCL (2)=-7,3E-4, HOCL (3)=9.123- 4, HOCL (4)=-1.3%-3
TABLE HCCL (5)=2.41E-3,HOCL {(6)==7.23E-3,H0CL (7) =9.35E-02
T ABLE SEOL(1) =9.8,SBCD{2)=10.4,S80D(3)=11.2,SBCD {4)=12.2,SBCP (5)=13.3
TABLE SEOND (6)=18.2,SBCD (7)=14.8,SBCL (3) =15.
TABLE NB3 (1)=14.25,NH3[2)=14.25,N83(3)=14.26, NH3(84) =14.26, ...
NE3(5)=14.29,%533(6) =14.29,NH3({7) =14.29, N33 (8) =17.04
TABLZ ¥ICRO(1)=1603.,MICRC[2)=1966.,MICRO{3)=3%64.,MICRO (4)=54300, 004
MICRO (5)=9120.,MICRO (6)=13064. ,MICRC(7)=16835., MICRO {8) =20000.
TABLE NH2CL{1) =2.8,NH2CL (2) =3.4,NH2CL {3)=4.23, RH2CL (4)=5.2,NH2CL {5)=6.3
TABLE NH2CI {6)=7.3,K32CL{7)=7.75,HH2CL (8)=8.0
PARAN L=500.
PARAM HCCLM=5.79F-04,NU3¥AX=1.492E- 03, NH2CLM=5.79E-04 ,HE=2, E+0 8
PARAN SBCDY=20.,FRRCR1=0.,ZRRCE2=0.,SHOLD=15.
PARAM E1=2.6E+04,K9=1.67F+04,K11=25.,K12=1.E-04
PARAM N=7
PARAN N1=-1
INTITIAL
FIXEL I,J3,N,H1
STORAGE H#CCI {8), %43 (3),NH2CI(8),SPOL(8),NICRO (8)
K12P=K12%0.85
F=L/V
G1=D/ (V*1)
G2= (K1*¥L/V)*N13MAX
G 3= (K 1%L /V) *HOCLY
GUA= (K1%¥L/V)* (TH3NAX*HCCIM/NH2CLYN)
GUE= [R12%L V) *SBODM
GS=(K12%3. 45E+04%L /V) *NH2CLY
GBA= {K9%*L/V) *HCCLH
GEB= (R11%#L /V)*YH2CLN
PT=0.
THETA=F
CEFF=2.4
CREQ=SOLVE (CEFF,SHCLT,THZTA, K12P)
NOSORT
IF(¥1) 5,5,6
5 N1=N+1
* CALCULMIE THE COZFFICIENTS FCR THE A, F, ARRAYS
CALL SETUP
6 pc 10 I=1,EK
1CU (1) =HOCL {I) / (HOCLN*3.45E+ 04)
ICH(I)=MICFOQ(I) /MY
ICQ{T)=NR3 (1) / (NI3MAX*1.27+04)
1CC{I)=NH2CL(I) / (NE2CLM*3.45E+04)

10 ICS(I)=SBCT(I)/SBODK
SCRT
CYNAXIC

G1=D/ (V*1)

GZz=(K1*L/V)*NH3MAX

G 3= (K 1%L /V) *HOCLM

GUA=(R1*L/V)* (FH3NAX*HOCLM/NB2CLHN)
GUR={K12*L/V)*SBODNX
GS=(X12*3.45T+C4*L /V) *NH2CLY

GE€A= {K9*L/V) *HOCLH

GEE= {K11%L/V)*NH2CLHN




TV=I¥FUIS {2.,3.)
DS=0.*PULSE(0.5,TV)
BCTPI=IHTGRI {15.,DS)
SETP=THETA*NH2CL (1)
TRIGS=I¥PNIS (0. ,TSAND)
'ROCFLURE VHOLD, SHOLD=DIV (V,BCDI,TEIGS)
VEOLT=ZHOLL(TRIGS, V)
SHCLD=7HGLE (TRIGS, BCLI)
VECLC=FCNS¥ (VAOLD,0.4,0. 4, VHCLD)
SEOLD=FCNSW(SHOLD, 1%.,15.,SHCLD )
'NDPRC
PROCEDUPE CICR, TRI™, THETA,ERROR,ERROR1,ERROR2 ,CRE),CDEIAY=CCNTRO (.-
u,S,KE,KI,RD,TSAMP, TRIGS)
IF(TRIGS.LF.0.0) GO TO 1000
THETA=L/VHOLD
CEFP=INSA ( (TINZ-2.),1.,1.)
V=INSW ((TIME-2.),0.2,0.4)
CREQ=SOLVE (CEFF,SHOLD, THETA, K12P)
CDEIAY=PIPE (1000,C2FF,1.02,1.,CEFF, 1)
ERROR=CDFLAY~-C (1) *NH2CLM¥*3. 45E+04
LTRIM=KD* (ERROR-ERROR 1) +KI*TSAMP*ERROR+ KD /TSAMP* (ERRCB-2. *ERROR1...
+ FRECR2)
TRIM=TRIN+LTRIN
CICR=TRIN#*CREQ
TRRCR2=TRRCR1
FEROR 1=ERROR
1000 CCNTINOT
ENCPRO
CCHLC=RZALFL {8.0,0.016, CICR)
. CITI=CELAY (100,0.02,CCHLO)
“IT1=CCHLO
CI=INSK{FLAG?,CII,CCCHS)
B0=CI/ {(ROCLN*3.45F+04)
BM=1.
Bo=1.
BC=0.
BS=BCDI/S3CDX
U=INTGRL{ICU,UDOT,7)
S=I NTGR1 (ICS,SNCT,7)
Q=INTGRL (ICQ,QDOT,7)
%=INTGRL(ICM,MDOT, 7)
C=IN1SRL {ICC,CDCT,7)
>ROCETCURE ULOT,QLOT,¥DOT,CDOT,SDOT=SOLVE(Y,Q,N8,C,5,61,62, G3,GUA, ..
348,G%,C€EA, Gh3,N,BU,BQ,BS,BC,BN)
DC 20 J=1,%
ULCT (J)=(G1*B (J,1) +A (J,1))*U (1) + {G1%B(J, 2) +A(J,2) ) *0(2) + ...
(G1*B(J,3) +A (J,3)) *U(3) + (G1*B (J,U)+A(J,4))*0 (4)+ {GI1*B(J,5) «..
+4(3,5))%7(5) + {G1%B {J,6) +A(J,6)) *0 (6) + (G 1*B (I, 7) +A (J,7) )*0(7) ...
+ (G1%B(J,B8)+A {J,8))*B0 -G 2%Q (J) *0U {J)
QLOT(J)={G1*B(J, 1) +A(J, 1)) *Q (1) + (G1*B(J,2)+A (J,2))*C(2)+ ...
(G1#*B (J,3) +A{J,3)) *C{3) + (G1*E(J,4) +A (I, B))*Q {8) + (G1*B (J,5) «..
+21(J,5))*Q (5)+[G1*B (J,6)+A (J,6))*Q(6)+ (G 1*B(J,7) +A{J, NN ) *Q(7) ...
+{G1*E(J,8) +A (J,8)) *30 -G3#%Q (J)*0 {J)
CCOT(J) ={G1*B (I, 1) +1({J, 1)) *C (1) #+ (G1*B({J,2) +A (J,2))*C(2) * w..
{G1*B (J,3) A {J,3))*C (3)+ (GI*E(J, 4)+A(J, 4)) *C(4) + {G1*B{J,5) ..
+2(J3,5)) *C(5) +(G1*B (J,6) +A (J,6) ) *C (6)+ (G1*B (J,7)+A(J,7)) *C(7)...
+ {G1*%B(J,8)+A(J,8)) *BC+GUA*Q (J) *T {J) -Gl B*S (J) *C (J)
SICT (J)=(51*3 (J,1) +3{J, 1)) *S (1) +(G1*B(J, 2) #+2(J, 2)) *S(2) ¢+ ...
(G1*B(J,3) +A(J,3)) *S(3) + (G1*B (J,4) +A {J,4)) *S(4) + (G1%B(J,5) ...
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+3(J,5))*5(5) +(G1*B (J, 6) +A (J,6) ) *S(6) + (5 1*B(JI,7) +2{J, 7)) *S5(7) «..
+ (G1%B(J,8) +A {J, 8) ) *BS-G5*5 (J) *C (J)
ATCT (J)= {G1*B (J,1)+A(J, 1)) *4 (1) +{G1*B(I, 2) +A {J,2))* N (2) + ...
(G1%B (J, 3) #A {J,3))*M{3)+ (G1*B (J,4) +A (J,8)) *M(4) + (G1*E(J,S) ...
+A(J,5)) *M(5) +(G1*E {J,6) +A {J,6)) *M {6)+ (G1*B [J,7) +A(J,7))*1(7)...
+ (G1*B (J,8)+A (J,B8) ) *BHU-G6EA®N (J) *U (J) -G6E*M (J) *#C (J) .
20 CCNTINDE
INDPRC ; .
PROCELURE TH1, HOCL,MICRO,NH2CL,SBOD,NH3=CONV({M,C,Q,U,S,BN,BC, B0, BS, BQ)
£C 30 I=1,3
ECCL (I)=ECCLN*T (T)*3.45E+004
NH3(I) =SH3IMAX*Q(I) *1.2E+04
FH2CI(I)=C(I) *NH2C1M*3. 4SF+C4
SBCL (I) =SFO2A%S (I)
30 MICRO(I) =M (I)*"N
NICRC(N+1) =N¥*BN
HOCL (N+1) =HEOCILM*B7%3. 452+04
NH3(N+1) =NE3MAX*BQ *1.2F+04
SBCD (N+1)=S30D¥%*RS
TH1=TINE*L /¥
IF(KFEP.¥E.1) GC TC 200
I1F(TIXE.LT.PT) GO TC 200
PT=PT+PRDEL
* CALL SAMPLF{J,S,L,TH1,S%AX,CNAX)
200 CCNTINUE
ENDPRO
NOSOR1T
CALL CEEODG(1,0.0)
TERMI NAI
E

METHOD STIFF
TIMER FINTIM=6.0,00IDEL=0.02,PROEL=0.1,DFLMIN=1.E-11,DELMAX=1.E-03,...
DEIT=1.E-06

TERNISAL

PRINT HOCL{1-8),SBOD(1-8),NH3{1-8),MICRO{1-8) ,FH2CL{1-8) ,TH1,c..
CFFF,CRFQ,CDT®LAY,CICR,CCHLO,CI,TRIN,ERROR, VHOLTL ,SACID

*0U1P 0T RH2CL (1) ,CSFP,CDEIAY

*PAGE WIDTH=58, GROUP

*0UTPUT SETP

END

SICP
OUTPUT VRARIABLE SEQUENCE
G1 G2 G3 G4A Gas GS G6A G6B P CEFF
F THETA K12P CREQ Z2Z1000 W1 TV DS BOLI TRIGS
CICR 221011 CCEIC G1 G2 G3 Gia G4B G5 G6A
G6B C1lY Cl BY BO BS BC BA UDOoT 3
SDOT S QDOT Q %DOI | cpor C THETA T#1
NH2CL SETP VYHOID SHOLD TRIN TRRCR ERROR1 ERROR2 CREQ CDELAY
2721005 221008 HOCL MICRO SBOD NH3 221017
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$$3 TRAXSIATION TABIZ CCHNTENTS 339 CORRENT MAXINOHN

MACRO ANL STATEMNZIRT CUTEITS 75 600
STATEMENT INPUT WORK AREA 212 1900
INTEGRATCRBS+MEPORY BLOCK CUTEOUTS 3+ 0 300
PARAMETERS+FINCTION GENERATORS 31+ O 400
STORAGE VARIABITS+INTEGRATCR ARRAYS 5 ¢« 572 50
EISTORY AND HMEZPFORY BLOCK NANES 21 50 °
MACRO LCEFINITIONS ANRD NESTED MACROS 6 50
MACRO STATEMZNT STCRAGE 13 125
LITERRAL CCNSTAXNT STCRAGE 2 100
SORT SFCTIONS 2 20
MAXIBUM STATEMEHNTS IR SECTICHN 86 600

STERCUTINE SAMPLE (ID,0,5,L,TE1,SHAX,CHAX)

REAL L

DCUBLE PRECISION A (100),E(100),C(100),D{100),Q(100),2Z,D080(10),

1 £OMS(10), TU(10),DS {10)

TINENSION U(1),S{1)

CCMNCE /uAPP2/ A,B,C,I,Q

TATA N/7/ :

N1=K+1

O 10 I=1,%

DO%U {I)=0 (I)
10 DOMS (I) =S (T)

DOMO {X1)=1.0

DUMS(N1) =1.0

CALIL GMPRD (0, DUMT, DO, N1, K1, 1)

CALL GNPRD [Q, DUMS,DS,N1,N1,1)
C.. REUSE THE DUMU AND DUMS ARRAYS

pDC 15 I=1,10

DOMOU (1) =0.
15 DUXS (I)=0.

X=0.1

DC 30 J=1,9

DC 20 I=1,N?

DUMD (J)=X#% (2*I-2) *TT (I) +DI MUY (J)
20 DUAS (J) =X*% (2#I-2)%*DS (I) +DTMS {J)
30 X=X+0.1

DUMOD {10)=1.

DUMS (10) =1.

WRITE (3,35) Tl
35 FORMAT(' CL[ISTANCE',SY,*CONCENTRATIOR 1',5X,'CONCENTFATION 2°,

15X, ' THA1=', F6.0)

X=0.

DC 40 I=1, 10

J=11-1

CUMS (J) =DUMS (J) *SAAX

DUND(J) =DUNU(J) *CMAX

X1=X*L «

¥RITE(3,50) X1,DUM0(J),DUMS(J)
50 X=X+0.1
50 FCRMAT(' *,F5.0,7X,2{(D1%.7,5X))

X1=00.

DS (1)=DS (1)*SMAX

DOU( 1) =DU { 1) *CMAX

ARITE(3,50) X1,D7(1),°C5(1)
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RETURN
END
SUBROUTISE SETUP
C.. RICHATI K. STEESTROM
C CHE 945 FALL 1973
C PROGEAN FOR CTZVELCPING THT A ANL B ARRAYS FOR N1 COLLOCATION POINTS
CIMENSION L1(10),%1(10) ’
DGCTBLE PRZCISION A(100),B({100),C(100),2(100) ,R(19),2,D(100)
CCHNON /NAPE1/ A1(10,10),31(10, 10)
CC¥MON /NAME2/ A,B,C,D,0
DATA N/7/
DATA R / 0.10805494€71 , 0.31911236893 , 0.51524863636 ,
1 0.68729290481 , 0.82720131507 , 0.928434388366 , 0.98628380870,
2 1.0T+00, Z*0.D+00 /
N1=5+1
WRITE(3, 1015) N1
1015 FCRMAT ('1 EICHATL K. STENSTECA',/,' CH.E. 945 FALL 1973',/,' GENER
1AL PROGRAM FOR CALCULATING COLLOCATION MATRICIES FOR N1 COLLOCATIO
28 PCINT3',/,' N1=',I2)
WRITEZ (3,1011) (R{I),I=1,N1) -
1011 FCRMAT{* ROOTS',/,'0',10{D18.10,/,' "))
C.. GENERATE THE C,D,AND Q ARRAYS
pC 10 I=1,M :
DC 10 J=1,XN1
IK1= (I-1)*E1+J
O (IN1) =R (J)** (2%I-2)
C(IN1) =FLOAT { 2%I-2) *R (J) #* (2*I-3)
D(IK1)=FLCAT (4*T**x2-10%I+6) *R (J) ** [2%I-1)
10 CONTINUE®
C.. WRITE OUT THE C,D,AND Q MATRIX
WRITE (3,1020)
1020 FORMAT(' C MATRIX')
CAIL MWRITE{C,N1)
4RITE {3,1030)
1030 FORMAT('- T MATRIX')
CALL MWRITE(D,N1)
WRITF {3,1040)
1040 FCRMAT('~ Q MATRIX')
CALL MWRITE(C,NT)
C.. IRVERT THE ¢ ARRAY
CALL MINV(Q,N1,Z,L1,H1)
C.. WRITET COT THE INVERSE OF ¢
#RITE (3,1050)
1050 FORMAT('~ Q INVERSE MATRIX!)
CALL MWRITE(C,H1)
C.. MULTIPLY THE C,D,AND  INVERS® ARRAYS TO GET A AND B
CALL GNPRD(C,Q,A,N1,X1,K1)
CALL GMPRD (D,Q,B,N1,H1,11)
C.. WRITE OUT THE A AND B MATRICES
WRITE (3, 10€0)
1060 FCRFPAT('- A MATRIX')
CALL MWRITE(A,N1)
WRITE(3, 1070)
1070 PCEMAT('- E MATRIX')
CALL MWRITE(3,N1)
C.. INSTPT THZ COEFFICIENTS INTO THE ARRAYS TO BE USED BY CSNP
pC 20 J=1,K1
IR=N1#(N1-1) +J
13=0
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20

10
10060

40

45

pC 20 I=J,IK,N
13=1J+1

81(J,IJ)=B {I)

A1{J,1J) =A{I)

RETURE

END

SCBRCOTINE MWRITE {A,N1)

DCUELE PRECISION A (1)

pc 10 J=1,M

IR=N1*(N1-1) +J

WRITE (3, 10C0) (A(I),I=J,IK,N1)
FCEMAT(' *,8(D14.7,2%X),/,8%,2(C15.7,2X))
FEETORN

END

SUEROUTINE MINV(A,N,D,L,M)

DCUBLE PRECISICN A,T,EIGA,HOLT,TABS
DIXENSION A(1),L(1),u (1)

£=1.0

ER=-N

DO €0 K=1, N

NE=EK+N

L (X) =K

M {K) =K

KK=NK+K

BIGA=A (KK)

LC 20 J=K,N

I 2=N* (J-1)

DO 20 I=K,N

IJ=1Z+1

IF (DARS (BIGA)-DABS {A{IJ))) 15,20, 20
BIGA=A {TJ)

L(K) =1

M {K)=J

CONTINOE

INTERCHANGE ROWS

J=L (K)
IF{J-K) 35,35,25
KI=K-N

DC 30 I=1,5
KI=KI+N

HCLLD=-A {KI)
JI=KI-K+J

A (RI)=A (JT)

A (JI) =HOLD

INTFRCHANGE COLUMNS
I=4(K)

IF(1-K) 45,85,38
JE=N% (I-1)

0O 40 J=1,N

JK=NK+J

JI=JP+J

HCLL=-A{JK)

A (JR)=A (JI)

A(JI) =HOLD

IF(BIGA) 48,46, 48
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46
43
50

55

60
62

65

7C
75

80
100
105

108

110
120

125

130

150

L=0.
RETORK

£c 55 I=1,N

IF({I-K) 50,55,50
IK=NX+I

A (IK)=2(IK)/ (-BISA)

CCNTINUE

nC 65 I=1,%

TK=NK +1

HCLD=A (IK)

13=1-N

DC 65 J=1,K

I1J=1J +N

IF(I-K) 60,65,60

IF(J-K) 62,65,62
EJ=1J-I+K

A (1J) =HOLD*A (XJ) +A (1J)

CCRTINUZ

KJ=K-§

pC 75 J=1,N

RJ=KJ+ N

IE¥{J-K) 70,75,70

A (KJ)=A (KJ)/BIGA

CONTINUE

D=D*EIGA

A (KK)=1.0/BIGA

CONTINUE

K=N

K= (K- 1)

IF(EK) 150,150,105

I=L (X)

IF(I-K) 120,120,108
JC=N*% (K-1)

JE=N* {I-1)

DC 110 J=1,N

JE=J0+J

HCLT=A{JK)

JI=3R+J

A(IR) ==A(JT)

A {JI)=HO1D

J =M (K)

IF {J-K) 100,100,125

K I=K-N

DC 130 I=1,N

RI=KI+N

HCLD=A (KI)

JI=KI-K+J

A (RI)=-3 (JI)

A (JI) =HOLD

GC 1C 100

RETURN

TED

SUBEROUTINE GMPRD(A,B,R,N,M,L)

DIMTNSION A(1),B(1),3(1)

DCYBIE PRTICISICK A, R, R

1E=0

IR=-M

DC 10 R=1,1

IR=IK+H

907




2C 10 J=1,%
IR=1R+1
JI=3-§
1E=1K
T {IR)=0.
nc 10 I=1, ™
JI=JI+N
IE=IE+1
10 R{IR) =R (IR)+2A (JI)*E(IE)
FETURN
IND
FUNCTIOY SOLVE(CEFF,SHOLD, THETA,K1)
RTAL RK1,K:Z
TATA CO/8.0/,K2/1./
NC=2
I=1
5 P= (SHOLD-K2%*CO) *THETA*E 1
COP=CZFF*SHCLD*ZX P (P) / (SHOLL+CEFF*F2-K2*%C))
WRITE (33,1000) CC,COP,I,CEFF
1000 FORMAT (1X,*CO=*,E17.6,5X,'COP=1,517.6,4%X,13)
I=I+1
CALL CONYV({CO,CO0?, 1,¥C)
IF (NC-1) € ,20,5
20 SOLVE=COP
RETURN
END
SUBROUTINE CONV(X,Y,%R,NC)
DIMENSION XA(10),YA(10)
IF (ABS ({X~Y)/ (¥+Y)).1T.0.001) GO TO 6
IF(NC.LE.1) GO T0O 5
XT= (XA (¥R) *Y-YA (%R) #X) / (XA (NE) -X+Y-YA (NR))
XA(NR)=X
YA(YR) =Y
X=X1
FETURN
5 XA (§R) =X
YA(NR) =Y
X=Y
NC=2
ETTORN
6 X=Y
NC=1
EETURY
END

$SSEND OF TRANSLATOR OUTPUTHES
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MICHAEL K. STDNSTRCHM
CH. E. 984S FALL 1973

GENECRAL FRCGRAM FOR CALCULATING COLLCCATION MATRICIES FOR N1 COLLOCATION PCINTS

6-6

Ni= 8
ROOTS

0.1080549359D+00
0.3191123€05D+00
0.5152486563D¢00

0.68729293350+0C
0.8272C13068D+00
0.9284349084D+00
0.9862837791n+00
0.1000000000D+0 1
C MATRIX
0.0 0.2161099D+00
0.0 0.6382247D+00
0.0 0.1030497D+01
0.0 0.1374586D+¢01
0.0 0.1654403D+01
0.0 0.1856870D+01
0.0 0.1972568D+01
0.0 0.2000000D+01
D MATRIX
0.0 0.2000000D+01
0.0 0.2000000D+01
0.0 0.2000000D+01
0.0 0.2000000D+01
0.0 0.2000000D+01
0.0 0.2000000D+01
0.0 0. 2000000p+01
0.0 0.2000000D¢01
Q MATRIX
0.1000000D+01 0.1167587D-01
0.1000000D+01 0.1018327D+00
0.1000000D+01 0.2654812D+00
0.1000000D+01 0.47237160+400
0.1000000D+01 0.6842620D+00

0.5046541L-02
0. 1299843D+00
0.5471553c+00
0. 12986310401
0.2264090D+01
0.3201212D+01
0.3837653C+01

0.8000000D+01

0.14801104D+00
0.1221992p+ 01
0.3185774D+01
0.5668459D+ 01
0.8211144D+01
0.1034390D+02
0.1167307D+02

0.1200000D0+ 02

0. 1363259D-03
0.1036990D-01
0.7048026D-01
0.2231349D+00

0.4682145D+400

0.8838413Dp-04
0. 1985498D-01

0.2178891D+00

- 0.9201543D+00

0.2323846D+01
0.4139125p+01
0.5599648D+01
0.6000000D+01

0.4089778D0-02
0.3110970D+00
0.2114408Dp+01
0.65694047D+01
0.1404643D402
0.2229087D402
0.2838761D+02

0.3000000D+02

0. 1591724D-05
0.1055995p-02
0.1871118D-01
0.1054026D+00

0.3203814D+00

0.1375949D-05
0.2695848D-02
0.7712729p-01%
0.5795396D+00
0.2120159D+ 01
0.%4757187D+01
0.7262786D+ 01

0.8000000D+01

0.8913652L-04
0.59135715-01
0.1047826L+01
0.5902545c+401
0. 17941136 p+02
0.3586714L+402
0.51546520+02

0.5600000c+02

0.1858476D-07
0.1075348Dp-03
0.4967466D-02
0.4978919p-01

0.2192248D¢00

0.2008175p-07

0.3431568D-03

0.2559480D-01
0.3421976 p+00
0.1813430D0+01
0.5125818D+01
0.8831145D+01
0.1000000D+02

0.16726280-05
0.9678132p-02
0. 4470720D+00
0.4481027D+01
0.1973023D+02
0.4968831D+02
0.8058564D¢02

0.39000000D+02

0.21699320-09
0. 1095056D-04
0.1318769D-02
0.2351900D0-01

0.1500072D+00

0.28136620-09
0.4193350D-04
0.8153926D-02
0.1939733D+00
0.1489034D+01
0.5302093D¢01
0.1030866D+02

0.1200000D+02

0.2864310D-07
0.1445474D~-02
0.1740775D+00
0.31045080+ 01
0.1980095D+02
0.6281864D+02
0.11497220+03

0.1320000p+03

0.2533584p-11
0.1115125D-05
0.3501083D~-03
0.1110971D-01

0.1026442D+00

0.38327280D-11
0.4981902 p-05
0.2525500C-02
0.1068987rC+00
0.1188704 L+01
0.5332085D+01
0.1169910C+02

0. 1400000D¢02

0.4611123p-09
0.2029527p-03
0.63719710-01
0.2021966D+01
0.18681250+02
0.7466016D+02
0.1542034D¢03
0.1820000D¢03

0.2958180D0-13
0.1135562 0-06
0.9294717L-04
0.52479091-02

0.7023555D~-01



01-6

0.1000000D+01
0.1000000N+01

0.1000000D+01

0.8619914D+00
0.9727557n+00

0. 1000000D+01

QO IRVERSF MATRIX

0.1279480D+01
-0.2604163D+02
0.1878374D+403
~-0.6607421n+03
0.1267694D+08
-0.1356530C+04
0.7611251D40G3

-0. 17862230403

A MATRIX
-0.4736606D+M

-0.2340872D+ 01
0.7906684D+00
-0.4010783Dp+00
0.28171550+00
-0.1556358D+400
0.9243038D0-01

-0.1443201D+00

i MATRIX
~0.2835683D4+02

0.3479975T+02
~0.7529800D+01
0.3438311L+401
=0.24556€4D+01
0.2773783C+01
-0.7071630D+01

-0.2986740D+402

-0.4437179n+00
0.48267679D+02
-0.4195398Dp+03
0. 1688376D+ 04
-0.3485028n+¢04
0.3900292D+08
~0.2258500D+ 08
0.5281669D+03

0.72501580+01
-0.1922138D+01
-0.37089817+01
0.1508279D+01
-0.8842689D+00
0.5265709D+00
-0.3085077Dn+00

0.48033080+400

0.3317257D+02
-0.7356590D+02
0.5191458D4 02
-0.1511991D+ 02
0.9220115n+01
~0.96574849D+01
0.2373429D+02

0.9921050n+02

0.7430291D+00
0.9462536D+00

0. 1000000D+01

0.2889620D+00
~0.2954153D+ 02
0.4348629D+03
-0.2148896D+ 03
0.3989095D+ 04
-0.6034391D+04
0.3680890D+08
-0.8967087D+03

-0. 03728580401
0.6621279D+01
-0.1671884D+01
-0.4586224D+01
0. 1993506D+01
-0. 11392620401
0. 6449677D+00

-0.99718348D+00

~0.6890027D+01
0.4694065D+02
-0.9452700D+02
0.7289015D+ 02
~0.2619632D+02
0.2242131n+02
-0.5029501D+02

-0.2049750n+03

0.640488091+00
0.9204736D+00

0.1000000D+01

=0.2352702D+00
0.24488059 D+02
-0.3929207D+03
0.2247888D+08
-0.5880203D+08
0.7765695D+08
-0.5063716 D+08

0.1299055D+08

0.3489703D+01
-0.4236394D+01
0.72157720+01
-0.2030103D+01
-0.5707806D+01
0.2526834p+01
-0.1320683D+01

0.2011065D+01

0.2510941D+01
~-0.1158342D+402
0.6175804 D402
-0.1345048D+03
0.1190387D+03
~0.5808302D+02
0.1060336 D+03

0.4090880D+03

0.5520923D+00
0.8953959D+00
0.1000000D+01

0.2221719D0+00
-0.2322553L+02
0.3859624C+03
~0.2348174C+04
0.6620771D+08
-0.9312781D+04
0.6550229 D+04

-0.1777004D+04

-0.3269757D+01
0.3686783D+01
-0.4876375D+ 01
0.8874037D+01
-0.32248341D+ 01
-0.7577382p+01
0.3133478p+01

-0.4597104D+01

-0.1386256LC+01
0.5460171r+01
-0.1715732t+02
0.9201733D+02
-0.2311797L+03
0.2602850C+03
-0.2697225L+03
-0.9117560C+03

0. 4758988D+00
0.87100150+00

0.1000000D+0 1

-0.24831709D+00
0.2549402D+02
-0.8300174D+03
0.2684243D+04
-0.7882189D+04
0.1174860D+05
~0.8596031D+04%
0. 2850 183D+01

0.3566041p+01
-0.3894840D+01
0.87202980401
-0.6654 181D+01
0.1283468D+02
-0.7265932D+01%
-0.1125294D+02

0.1450146D+02

0.10328848D+01
-0.3772561D+01
0.9686651D+01
-0.2961652D+02
0.1716935D+403
-0.5693933n+03
0.1215544D+04

0.2639498D+048

0.4102207D+00
0.84727170+00

0.1000000D+01

0.3810175D+00
~0.3579729Dp+02

0.6077233D0¢03 .

-0.3839176D+04
0.1147411D+05
-0.1750807D+05
0.13175342p+05
-0.38775490+ 08

-0.4993129D+0%
0.5379972p+01
-0.6300351D+01
0.8199701D+01
-0.1251336D+02
0.2653062D+02
~0.3670832D+02
-0.11625481D+03

-0.1153726D+01
0.4062121D+01
-0.9520065p+01
0.2368811D+02
-0.7795146D+02
0.5325631D+03
-0.4328463D+04

-0.7461189D+ 04

0.3536067C+00
0.8241883C+00
0.1000000D+01

-0.2094723L+00
0.21994591+02
-0.3739081D+03
0.2368084D+04
~0.7104253p+ 08
0.1089319D+¢05
-0.8252815D+ 04
0.2448519D+04

0.3066048D+01
-0.3294190D0+01
0.3830857 C+01
-0.4910429C+01
0.7219871L+01
-0.1344582p+02
0.4571958L+02

0.1049998D+03

0.6704382r+00
;0.23008110001
0.5374513D+01
-0.1279269D+02
0.3783071D+02
-0.1809094D+03
0.3310240D+04

0.5459991D+08



T1-6

CSMP TIT VERSION 9v1M3 STMTIATICN OUTPUT

TIME .0 . 10000 - 20000 « 30000 . 80000 50000 -60000 « 70000 .80000
HOCL (1) 6.08000"-04 1.48092E-04 1.5000%-018 1.76787~-04 2.0110E-04 2. 1794804 2.2559E- 04 2.2647E-04 2.2427E-04
HOCL (2) -7.3009F-08 -1.6860%-04 -1.7724F-04 -2.0830E-084 -2.3772E-04 -2.5886E-08 -2,6910E-04 -2,7103E-04 -2.6894E-04
HOCL {3) 9.1200E-04 2.2110E-004 2.3013E-04 2.7179E-08 3. 1237e-08 3. 42083E-04 3.5762E-04 3.6119g-04 3.5882e-04
HOCL (&) -1.3000Z-03 -~3.3209%-04 ~-3.5123F-04 -4_.1902E-04 -4.8547E-04 ~5.34938-04 ~S5.6040E-04 -5.6643E-04 -5.62u2E-04
HOCL(5) 2.4170L-03 6.5750F-04 7.0201F-04 8.5311E-C4 9.9466E-04 1.0995E-03 1.1528¥%-03 1. 1644 E-03 1.1553E-03
HOCL (6) -7.2300%-03 -2,2731E-03 =-2.4567E-03 -2,9723E-03 -3.4765E-03 -3.8485E-03 -4.0355E-01 -4,0728BE-03 ~-4.0365E-03
f1oCL(7) 9.135007-02 3.4357E-C2 3.7025§-02 4.49252-02 5. 2633E-02 5. 8307E-02 6. 1106E-02 6.1625E~-02 6.1041E-02
AoC1L (8) 8.0009 3.4259 3.6690 4,38¢€6 5.0640 5.5499 5.7849 5.8277 5.71786
SBOC(1) 9, €000 9.5891% 9.4533 9.5656 9.8187 10.086 10.296 10. 428 10. 492
SROD (2) 10.400 10.073 10.091 10.308 10.540 10.719 10.827 10.874 10.882
SpOD (3) 11.200 10.932 11.162 11.373 11.508 11.562 11.560 11.532 11.500
SBOC(u) 12.200 12.178 12.372 12.0866 12.483 12.4u6 12.389 12.337 12. 304
SBOD (5) 13.300 13.437 13.466 13.466 13,421 13.359 13.1303 13.265 13.247
SBOD (6) 14.200 14,346 14,329 18,306 18,266 1.226 14,196 14.180 14,174
5BOD(7) 143.800 14.871 14,866 14.8%9 14.849 14.839 m.833 148.830 18, 829
saop(8) 15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
RH3 (1) 14,250 14,252 14,338 14.582 18.753 14.916 15.020 15.071 15,088
NH3(2) 14.250 14,285 18,552 14,799 14.967 15.060 15. 098 15. 102 15. 091
NA3(3) 14.260 14.523 14M.980 15.121 15. 186 15. 181 15. 146 15,107 15.079
Ri13 (u) 14.260 15. 136 15.324 15.352 15.293 15. 207 15.130 15.078 15. 055
NH3 (5) 14.290 15.685 15.575 15.470 15.315 15.178 15.087 15.045 15.038
RH3(6) 14.290 15. 849 15.701 15.510 15.301 15. 140 15.050 15.022 15.030
RH3 (D7) 14.290 15.865 15.766 15.531 15. 302 15. 136 15.053 15.036 15. 051
NH3 {8) 17.080 17.040 17.080 17.040 17.040 17.040 17.040 17.040 17. 040
MICRO (1) 16C3.0 1297.3 1330.0 1720.4 2203.4 2590.7 2803.7 2854.9 2805.9
MICRO(2) 1966, 0 1751.9 2185.2 2776.7 3195.4 3387.8 3396.4 3305.0 3189.2
MICRO(3) 3564.0 3357.7 4437.7 4981.0 5142.6 5036.8 4821.2 4612.6 4466.9
MICRO(4) 5430.0 €817.9 7529.1 7623.2 7378.0 7005.8 6669.7 6445.1 6337.3
MICRO {9) 9120.0 11619, 11401, 11123, 10653. 10214, 9906.4 9748.1 9703.7
MICRO (6) 13064, 15578. 15219, 18837, 14384, 12018, 13801. 13717, 13716.
MICRO(7) 16835, 18366. 18233, 17987, 1771317, 17550. 17453, 17427, 17839,
NTCRO (8) 20000, 20000. 20000. 20000. 20000. 20000. 20000. 20000. 20000.
NH2CL (1) 2.08000 2.5909 2.2231 1. 7557 1.8046 1.2013 1. 1126 1.0938 1.107%
NH2CL(2) 3.4000 2.9991 2.2589 1.763n 1.5117 1. 4196 1.4169 1.4509 1.u883
NH2CL (3) 4.2300 3.1973 2.2197 1.9053 1.8482 1.9116 2.0091 2.0919 2.1405
RH2CL (4) 5.2000 2.6889 2.3238 2.3300 2.5097 2.7177 2.8828 2.9781 3.0099
NR2CL (%) 6.2000 2.3%79 2.6882 2.9847 3.3819 3.7126 3.9178 4.0008 4.0022
NH2CL (6) 7.3000 2.7815 3.1809 3.7078 3.2667 4. 6900 4.9176 4.9810 8.9542
NH2CL {7) 7.7500 3. 2516 3.5281 4.1987 q.84u8 5.3125 5.5u43 5.5912 . S.5u67
NH2CL (8) 8.0000 8.0000 8.0000 8.0000 8.0000 8.0000 8.0000 8.0000 8.0000
TH1 .0 250.00 500,00 750.00 1000.0 1250.0 1500.0 1750.0 ' 2000.0
CFFF 1.0000 1.0000 1.0000 1.000C0 1.0000 1.0000 1.0000 1.0000 1.0000
CREQ 4.0206 8.1748 8.17u8 8.1748 8. 1748 8. 1748 8.1748 8.1748 8.1748
CDZLAY 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 *1.0000 1.0000
CICR -16.265 4.5%513 5.75922 6.4066 6.4138 6.2528 6.0352 5.8259 5.6803
ccnLno 8.0090 3.4259 3.6690 4.3866 5. 0600 5. 5499 5.7849 5.8277 5.7786
cI 8.0000 3.4259 3.6690 4.3866 5.0680 5. 5499 5. 7849 S5.8277 5.7786
TRIN -u4.0u54 «55674 70365 «78370 . 78459 ~.76439 . 73827 «711267 - 69u86
ERROR ~1.8000 -1.5909 -1.22n -«75570 -. 40459 -.20135 ~-<11260 -9.3789E-02 -.10741
VHOLD . 20000 -20000 -20000 «20000 « 20000 «20000 « 20000 20000 «20000

SHOLD 15.000 15.000 15.000 15.00CC 15.000 15.000 15.000 15.000 15.000



Z1-6

CSMP TIII VERSIOR VIM3 STHNOULATION OUTEUT

TIMF -90000 1.0000 1.1000 1.2000 1.3000 1. 4000 1.5000 1.6000 1.7000
HOCL (1) 2.,2108E-04 2.1791%-04 2.1535k-08 2.1394E-04 2,.12962-00 2.1211T-04 2.1133E-04 2.1065E~-04 2,0987E-04
HOCL (2) -2.6%5205-08 -2.6186E-04 ~2.5831E-04 ~2.56%53E-08 -2.5529E-08 <-2.5431E-04 -2.5331E-04 -2,5245E-04 -2.5151E-04
HOCL {3) 3.53887-04 3.4871E-08 3.4436E-08 3.48184E-08 3.4008E-04 3.3863E-04 3.3734E-04 3.3629E- 04 3.3503e-04
HCCL (4) -5.54367-08 -5.4587%-04 ~5.3874F-04 -5.3461%-04 =5.3186E~04 -5.2960F-08 -5.2770E-04 -5.2597E-04 ~5.2405€E~04
HOCL (S) 1. 1374E-03 1.1192E-03 1.1042F-03 1.0956E- 03 1.0901E-03 1. 0855E~03 1.0815E~03 1.0782E-03 1.0743E-03
HOCL (6) -3.9710F-03 -3.9067E~-03 -3.8540F-03 -3.8245F-03 -3.B8045F-03 -3.7889E-03 ~3.7754E-03 -3.7638E-03 -3.7501E~-03
HOCL(7) 6.0031E-02 5.9033F-02 5.82358-02 5.7796E-02 5.7506E-02 S« 7271E-02 5.7062E-02 5.6890E-02 5.6688E-02
HOCL (8) 5.6935 5.6095 5.5414 -S012 S« 4801 5.4601 S.4424 5.4278 5.4 105
SBND(1) 10.510 10.505 10.496 10.490 10.492 10. 500 10.513 10.528 10. S44q
S80D (2) 10.873 10.861 10.855 10.856 10.864 10.876 10.890 10.905 10.920
SBOC(3) 11.478 11.468 11.470 11.47% 11.492 11.506 11.520 11.533 11. 545
SBOC(4) 12.289 12.288 12.297 12.310 12.323 12.335 12.346 12.355 12.364
SBOT (5) 13.243 13. 249 13.259 13.270 13.279 13..286 13.293 13.299 13.308
SEOD(6) 14,175 14,180 14,186 14.192 14.196 14,199 14.202 14.205 14. 207
SBOC(7) 14.830 145.831 14.832 14.833 13.834 1%.835 14.835 14.836 14. 837
5BOD {8) 15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000
N3 (1) 15.087 15.079 15.073 15.071 15.073 15.079 15.086 15.094 15. 102
NH3 (2) 15.079 15.071 15.069 15.072 15. 079 15. 087 15.095 15.103 15. 111
N3 (3) 15.065 15.063 15.069 15,079 15.090 15. 099 15.108 15.116 15.123
NU3 (u4) 15.053 15.062 15.077 12.092 15.103 15.113 15. 121 15.128 15. 134
NH3(5) 15.050 15.070 15.091 15.106 15. 117 © 15.125 15.132 15.139 15. 145
Nit3 (6) 15.052 15.079 15.102 15.116 15. 126 15.133 15.139 15.145 15.151
NH3 (7) 15.079 15.108 15.131 15.184 15.153 15.159 15. 166 15.171 15. 177
NH3(8) 17.040 17.040 17.080 17.040 17.0a0 17.080 17.040 17.040 17. 040
MICRD (1) 2721.5 2685.0 2595.2 2574 .4 2576.4 2592.3 2614.1 2637.1 2659.2
NICRO (2) 3n9u.7 3037.5 3015.9 3020.7 3041.0 3067.1 3093.5 3118.2 3140.9
MICRO(3) 4391.49 4370.9 4385.8 8318.0 4454,0 4486.2 4513.8 8537.9 4559.6
MICERO (4) 6313.9 6339.0 6386.8 6437.6 6479.0 6511,2 6537.6 6560.9 6582.0
NICRO (5) 9725.5 9776.14 9834. 1 9882, ¢ 9916.4 9941.8 9962.6 9981.6 9999.4
MICRO(6) 13756. 13809. 13858. 1389 3. 13916. 13933, 13947, 13960. 139 74.
MICRO(7) 17468, 17498, 1752%. 17539. 17589, 175¢87. 17564, 17570. 17577.
MICRKO (8) 20000. 20000. 20000. 20000. 20000. 20000. 20000. 20000. 20000.
NH2CL (1) 1.1285 1. 7446 1.1520 1. 1513 1.1455 1.1374 1.1290 1. 1213 1.11483
NH2CL(2) 1. €136 1.52480 1.5224 1.5135 1.5018 1.8905 1.4805 1.4719 1.46082
NH2CL {3) 2.1574 2.1524 2.1361 2.1160 2.0981 2.0841 2.0726 2,0628 2,0582
NH2CL (4) 3.0015 2.9738 2.95808 2.9113 2.8904 2.8753 2.8628 2.8516 2.8415
NA 2CL {5) 3.9 3.9118 3.8632 3.8284 3.8068 3. 7902 3.7766 3.7642 3.7519
NH2CL (6) 4,.8893 8.8189 4.7590 8.7224% 8.6987 4.6813 4.6658 4.6526 4.6374
NH2CL (7) 5.4667 5.3861 5.3195 5.28 40 5.2603 5.2416 5.2239 5.2101 . 541933
HH 2CL (8) 8.0000 8.0000 8.0000 8.0000 8.0000 8.0000 8.0000 8.0000 - 8.0000
H1 2250.0 2500.0 2750.0 3000.0 3250.0 3500.0 3750.0 4000.0 4250.0
CEFF 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
CREQ R. 1748 8.1748 8.1748 8.1748 8. 1748 8. 1748 8.1748 . 8.17u8 B8.1748
CDELAY 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
cIcr 5.5906 5.5u17 5.5158 5.5120 5. 5070 5.4937 5.4740 5. 4564 5.4354
CCHLO 5. €935 5.6C95 5.5814 5.5042 5.4801 Se 3601 5.4820 5.4278 S.4105
CI 5.6935 5.6095 5.5414 5.5042 5.4801 S.4601 5. 4424 5.4278 5.4105
TRIN .$8389 -67790 67473 67427 .673¢€6 .67203 «66962 «66746 «66489
ERRCR -.128%4 - 19463 -.15196 - 15135 -. 14551 -.13736 -.12901 -.12126 -.11434
viioLp 20000 20000 - 20000 «20000 «20000 20000 «20000 - 20000 «20000

SHCLD 15.000 15.000 15.000 15.000 15.000 15.000 15.000 15.000 15. 000



	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22
	page 23
	page 24
	page 25
	page 26
	page 27
	page 28
	page 29
	page 30
	page 31
	page 32
	page 33
	page 34
	page 35
	page 36
	page 37
	page 38
	page 39
	page 40
	page 41
	page 42
	page 43
	page 44
	page 45
	page 46
	page 47
	page 48
	page 49
	page 50
	page 51
	page 52
	page 53
	page 54
	page 55
	page 56
	page 57
	page 58
	page 59
	page 60
	page 61
	page 62
	page 63
	page 64
	page 65
	page 66
	page 67



