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ABSTRACT 

Two computer programs were developed to teach 

separation processes and to solve related problems. The 

first, SEPTECH, uses the Fenske-Underwood-Gilliland method 

to find stage requirements and column operating parameters 

of a multicomponent distillation tower given feed stream 

information and desired product purities. The second 

program was designed to achieve specific educational goals. 

A robust educational program was developed that was a 

general, flexible, fast, understandable, and easy to use 

tool for problem solving. This program, MCTHIELE, utilizing 

McCabe-Thiele graphical solution techniques, was used in a 

senior level chemical engineering course and proved to be a 

very successful learning tool. 
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1.0 INTRODUCTION 

As the use of digital computing systems increases in 

the chemical industry, the need to develop good computer 

tools for computational and educational use at the 

university level is created. The response of many chemical 

engineering departments to this need has ranged all the way 

from an earnest commitment to computer aided instruction to 

a firm belief in traditional teaching methods. The benefits 

of introducing state of the art computing technology into 

the coursework are numerous. With the increased 

computational speed., a large number of problems can be 

solved in a fraction of the time one solution would 

otherwise take. This ability allows students to have a 

greater exposure to a wide range of complex problem types. 

Also, the tedious preparation of engineering diagrams and 

repetitive calculations can easily be done on the computer. 

This frees the student to concentrate on the interplay of 

equations and problem specifications. 

The explosion of computer technology has not only 

affected computing capability ~ut also has generated 
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inexpensive, high resolution graphic display devices. The 

increased graphics capabilities affect chemical engineering 

education in two major ways. The first of these is the 

ability to convert the pages of numbers commonly generated 

by a process simulation program to a sequence of graphs 

showing trends and patterns in the solutions. The ability 
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to see a problem's subtle dependencies and possible trouble 

spots is greatly enhanced by the presentation of data in a 

graphical format. Secondly, there are several graphical 

solution techniques used in chemical engineering that may be 

applied directly to a computer driven graphics screen. 

These techniques include the construction of boiling point, 

enthalpy, and phase diagrams. In process design there are 

several graphical methods particularly for heat exchanger 

network design. And in separation processes, the famous 

McCabe-Thiele, Ponchon-Savarit, and triangular phas~ 

diagrams can be implemented directly on a computer screen. 

As little as two years ago, undergraduates from Caltech 

were graduating without any computer experience. This 

deficiency was recognized by the school and the department 

as a problem that needed to be remedied. Since then, a 

computer programming class has been added to the general 

requirements for graduation and the chemical engineering 
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department has reformatted the separation processes class to 

emphasize engineering computational skills. Assignments 

using developed software are given in the chemical process 

design, process control, and engineering economics courses . 

Computational elements are also being introduced into the 

transport phenomena, kinetics, and thermodynamics classes. 

At Caltech, the chemical engineering department has taken 

one of the leading positions on campus in the development 

and utilization of computer aided instruction. 

Both of the projects detailed in this report are 

products of the chemical engineering department's emphasis 

on educational computing. The first program is a 

multicomponent, multistage distillation design tool that 

began as a class assignment . The second project involved 

the development of an educational tool for use in the senior 

level separations course. 

The program SEPTECH computes the tray requirements, the 

condenser and reboiler temperatures, pressures and duties, 

the reflux ratio, and the product stream compositions of a 

multicomponent distillation tower. The idea for this 

project originated at a chemical engineering convention 

where several vendors were displaying engineering software. 

One of the packages was a design tool for multicomponent 



distillation columns. This program calculated the 

compositions of the product streams given the feed 

composition and all other design parameters. To achieve a 

desired product purity, the user of this program would have 

to guess at a column size and operating condition and use 

the program to see if this guess would satisfy the 

constraints. This iterative guessing procedure was also 

required in other available distillation packages. A more 

reasonable design tool would take as its input the feed 

stream composition, and the desired product purities. From 

this information, the column size and necessary operating 

conditions would be generated. With these ideas in mind, 

the development of SEPTECH began. 

SEPTECH utilizes composition dependent modified 

Raoult's law thermodynamics to calculate phase equilibrium 

information. The computational algorithm generally follows 

the Fenske-Underwood-Gilliland method for distillation 
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column calculations. Unlike the rigorous computational 

techniques available in a main frame process simulator, this 

algorithm uses much less time to find an approximate 

solution to the design problem. The computational method 

and use of the program are covered in the next section. 

The MCTHIELE program uses the McCabe-Thiele method for 

\ 
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design of distillation equipment. Because this program was 

designed as an educational tool, a great deal of extra 

thought and care was used in its development. The program 

design is general enough to solve over twenty five different 

problem types and flexible enough to allow a wide range of 

operating conditions. The program was designed to be self 

explanatory, easy to use, and simple to understand. The 

input routines are completely unstructured to allow the user 

total freedom of problem specification. Solutions to the 

problems are generated very rapidly to allow the exploration 

of various parametric dependencies. 

Because this program is based on a graphical solution 

technique, full advantage is taken of the available graphics 

hardware. The calculation technique of the MCTHIELE program 

is completely visually based. The screen and a mouse 

pointing device are used as a computerized pad and pencil 

for constructing the separations diagrams. Full advantage 

is taken of this electronic draftsman's unmatched speed and 

accuracy. 

The majority of this report will be devoted to the 

MCTHIELE program. The development of the McCabe-Thiele 

method is introduced and solution diagrams depicting various 

operating conditions are shown. Then, some of the early 



thoughts on the learning process and on features of 

successful educational computing tools are discussed. A 

description of how to use the MCTHIELE program is given 
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along with a summary of this program's use in a senior level 

chemical engineering course. In the appendix, a listing of 

the C language code for both programs is included. 



2.0 MULTICOMPONENT DISTILLATION CALCULATIONS 

2.1 FENSKE-UNDERWOOD-GILLILAND COMPUTATIONAL METHOD 

Because of the computational complexity inherent in the 

multicomponent multistage separation problem, approximate 

calculation methods are widely used for preliminary design. 

One of the most powerful approximate methods for determining 

reflux and stage requirements of multicomponent distillation 

towers combines the independent works of Fenske, Underwood 

and Gilliland. A flow chart of the this method is shown in 

Figure (1). 

To begin the problem solution procedure, the feed 

stream must be specified. Flow rates of each of the 

components in the feed stream are found from the mole or 

mass fraction information and the total feed stream flow 

rate given. Temperature and pressure data for the feed 

stream is used to find the thermal condition. And, for 

multicomponent feed mixtures, the two key components must be 

selected. The key components are those that the 

distillation process is designed to separate. The 

theoretical goal of the distillation column is to have all 
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of the light key and more volatile components leave through 

the top of the column and the remainder of the feed 

components leave through the bottom. Because this case of 

perfect separation can never occur in practice, the desired 

splits (or degree of separation) of the key components must 

also be given. This is usually specified by the percent 

recovery of the light key and percent contamination of the 

heavy key in the distillate stream. 

9 

With the feed composition, temperature, and pressure 

specified, the calculation enters the large, outer iteration 

loop. The splits of the non key components at a total 

reflux operating condition are calculated after every 

completion of the outer loop. These numbers are then 

compared to the previously calculated values to check for 

convergence. If the values differ by an amount less than 

the set tolerance, the outer loop is exited and the 

remainder of the algorithm is executed. If not, the 

compositions throughout the column are adjusted and the loop 

calculation begins again. The iteration process is begun by 

estimating the non key splits as the outer loop is entered 

for the first time. 

The first calculation of the outer loop finds the 

bubble point of the distillate stream. Before bubble point 
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calculations can be made, some restrictions have to be 

placed on the condenser type. It is assumed in this version 

of the algorithm that a water-cooled, total condenser is 

used. The use of water as a coolant usually implies a 

minimum temperature of 120 degrees Fin the condenser. 

Because a total condenser is assumed here, the distillate 

stream will be in the saturated liquid state. Now that the 

temperature, composition, and thermal condition of the 

distillate stream is known, the condenser pressure can be 

found by a bubble point calculation. 

Once the condenser pressure is calculated, an estimate 

of the pressure at the feed tray can be found. By assuming 

a pressure drop of five psi through the condenser and 

another two and a half psi through the trays above the feed 

location, one finds the column pressure at the feed point. 

If the specified feed pressure is less than the column 

pressure, a compressor will be added to raise the feed 

stream pressure before it enters the column. 

A flash calculation is done on the feed stream to find 

the compositions of the vapor and liquid phases after the 

sudden pressure drop upon entering the column. The 

compositions are found by iterating the Rachford-Rice flash 

equation. This inner iteration loop is solved with an 
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accelerated Newton-Raphson convergence method. 

Knowing the contributions of the feed stream to the 

internal vapor and liquid flows of the column and recalling 

the distillate purity specifications, the minimum necessary 

number of trays can be found. This information, along with 

the definition of the phase equilibrium K-value and the mole 

fraction equality between stages, is used to derive the 

Fenske equation. From this equation, the tray requirement 

for a column operating at total reflux is found. 

Once the minimum number of stages is determined, the 

Fenske equation can again be used to find the distribution 

of the non key components in the column. These values can 

then be compared to the last estimates of the non key splits 

that were used to start the outer iteration loop. 

Assuming the tolerance condition has been met and the 

outer iteration loop is exited, the column's minimum reflux 

ratio is then calculated. If the assumption is made that 

all of the components will be present in the distillate and 

bottoms streams in at least trace amounts, the Underwood 

equation can be used . From compositions and flow rates of 

the feed, distillate, and bottoms streams, the Underwood 

equation is solved to find the minimum reflux ratio. 

For a specified separation, the column will be operated 
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between the conditions of minimum reflux and minimum trays. 

The actual reflux ratio has a direct relation to the product 

stream flow rate, and the rate of product formation affects 

the economic feasibility of the project. Although the 

number of trays required in the column will affect the 

capital cost of the column, the operating cost and revenue 

of the column is often the the more important economic 

factor. Therefore, the actual reflux ratio of the column is 

set by economic considerations and the number of trays is 

calculated from the set reflux. A common economic rule of 

thumb for distillation column operation is to run the reflux 

ratio at approximately 1.3 times the minimum reflux ratio. 

With the reflux ratio set, the number of theoretical 

trays needed for the desired separation can be found from 

the Gilliland correlation. For the preliminary design, this 

correlation is very useful. The number of trays that it 

predicts is remarkably close to that given by the rigorous 

calculation technique over a wide range of conditions. 

Implicit in the Gilliland correlation is the specification 

that the feed is introduced onto the optimal feed tray. 

With this information, the Kirkbride equation can then be 

used to find the feed tray location. 

In the final step of the algorithm, a dew point 



13 

calculation is made to find the operating temperature in the 

reboiler. Knowing the temperature, pressure, and 

compositions in the condenser and reboiler, the energy 

requirements of the column are found. 

2.2 COMPUTER IMPLEMENTATION, SEPTECH 

A computer program was developed on an IBM PC/XT to 

utilize the computational procedure outlined above. The 

program, SEPTECH, was written in the C language with the 

HALO graphics package . This language and graphics software 

was recommended as a combination that will run on the 

greatest number of hardware arrangements. The fast growing 

popularity and the UNIX system compatibility of the C 

language were also factors in its selection. Development 

was done on the IBM PC/XT because of its wide spread 

popularity and availability. 

During the development of this program, care was taken 

to make the input routines as easy to use and as self 

explanatory as possible. Titles are placed on the top of 

every screen directing the user how to enter the requested 

information at each step of the input procedure. Along the 

bottom of every screen is a help line that identifies and 

explains the functions of the active command keys on the 
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keyboard. All of the variable specifications are sorted and 

echoed back to the screen for the users inspection and 

verification. 

As can be seen in the print out of the main program 

loop in Figure (2), SEPTECH closely follows the modified 

Fenske-Underwood-Gilliland method presented above. Because 

the necessary problem specifications are common to all 

columns designed with this method, the input routines for 

the program are marched through in a linear fashion. A list 

of feed and operating variables must be given to start the 

computational method and the program asks for these in a 

logical manner. 

The feed components are chosen from an internal 

database of twenty compounds. All of the necessary 

thermodynamic information for this collection of light 

hydrocarbons is coded into the program. The user chooses 

the components by moving across the color screen with the 

cursor arrow key until the desired compound is highlighted. 

By pressing the return key, the currently highlighted 

compound is chosen. The user continues moving around the 

compounds with the cursor arrows, choosing or unchoosing 

with the return key, until all of the desired compounds have 

been selected. The escape key ends the component selection 
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procedure. 

The screen is then refreshed and the chosen components 

are rewritten onto the screen. Flow rates of each of the 

components are requested, as are the temperature and 

pressure of the feed stream. From this screen, the feed 

stream conditions are completely specified. 
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The identification and desired splits of the light and 

heavy key components are asked for next. As the screen is 

again refreshed, a list of the compounds in order of 

decreasing volatility is shown. From this, the two adjacent 

keys are chosen together. The desired percentage of the 

light key recovered and the allowed percentage of the heavy 

key contaminant in the distillate stream is then specified. 

Looking back at the main program in Figure (2), one 

can see that the program now follows the computational 

procedure outlined above. Because the computational time 

can range from two seconds to two minutes, a small column 

diagram is drawn on the screen after every iteration around 

the outer loop to signify that calculations are proceeding. 

A beep from the computer signals that the outer loop has 

converged and the column results are on their way. 

If the final column pressure was greater than the feed 

stream pressure and a compressor was needed, a screen 
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alerting the user of the new feed conditions before column 

entry is shown. The results of the program fill two 

screens. On the first screen the product stream 

compositions and the feed condition are shown numerically 

and graphically. The second screen displays the column 

operating conditions, tray requirement, and optimal feed 

location. These two screens of results can be flipped back 

and forth by hitting the space bar. 

The development of this program is still in progress. 
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Currently, some numerical stability problems exist for close 

boiling mixtures of over five components. In these cases, 

oscillations about the desired solutions sometimes occur. 

Problems can also arise in the calculation of mixtures with 

one or two wide boiling components. Often numerical 

deviations will begin and then settle to an unphysical 

solution. It is suspected that multiple numerical steady 

states are present in these instances. 

Although the program still has these rough spots, the 

solution to most problems can be found. A listing of the 

latest version (Developmental Version 3.40) is included as 

an appendix. 



3.0 GRAPHICAL SOLUTION TECHNIQUES, MCCABE-THIELE METHODS 

3.1 PHASE EQUILIBRIA 

One of the fundamental assumptions in the McCabe-Thiele 

graphical technique is a constant pressure throughout the 

column. Although a pressure drop through the column could 

be included in the technique, it would introduce another 

level of iterations into the calculations. This would 

complicate the solution procedure and, in most cases, would 

change the diagram only slightly. Therefore, a 

representation of the isobaric phase behavior of the binary 

feed mixture is needed. 

The boiling point diagram shown in Figure (3) shows the 

constant pressure phase equilibria behavior of the two 

components, A and B. Temperature is plotted on the ordinate 

and concentration, in mole percent, is plotted on the 

abscissa. Component A which is more volatile than B, has the 

lower boiling temperature of tA. Component B boils at a 

temp~rature of tB. On the diagram, two curves begin and end 

at the two boiling temperatures. The upper line represents 

the loci of temperatures at which the first drop of liquid 

18 
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would condense from a vapor mixture. For instance, the 

pointy on the figure represents the composition of the 

vapor mixture that would just begin to condense at the 

temperature t 1 . The concentration of that first drop of 

liquid is shown by the point x. All of the points on the 

lower curve represent the compositions of the liquid 

mixtures that would just begin to boil at the corresponding 

temperatures. The composition of the first bubble of vapor 
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that would form from a liquid mixture of composition x, 

would be represented by the pointy. As this mixture 

continued to heat, the temperature would rise and the 

compositions would both move toward the point tB· The 

upper line is referred to as the dew point line and the 

lower, as the bubble point line. The two points, x and y, 

on the same horizontal line represent the concentrations of 

the liquid and vapor phases at equilibrium at the specified 

conditions. 

By collecting a set of the x and y points of vapor­

liquid phase equilibria from the boiling point diagram, an 

x-y composition diagram can be found. The x-y composition 

diagram, or equilibrium line, is the plot of these x and y 

equilibrium pairs on a square diagram. This diagram is the 

starting point of the McCabe-Thiele diagram construction. 

Examples of the transfer from a boiling point diagram to a 

x-y composition diagram for both a Raoult's law mixture and 

an azeotropic mixture are shown in Figure (4). 

There are several forms of phase equilibria equations 

that can be used to analytically solve for the equilibrium 

line. The simplest form of equilibrium information is the 

case of constant relative volatility. This condition is 

rather rare in real world thermodynamics because it assumes 

20 
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ideal solution behavior and equal molal latent heats of 

vaporization. Although both of these conditions are seldom 

met, the case of constant relative volatility is often used 

for instructional purposes with the McCabe-Thiele diagram. 

Using the relative volatility, the equilibrium line is found 

from a simple one parameter equation. 

The vapor-liquid phase equation must be used for a more 

rigorous thermodynamic representation of the binary mixture. 
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The phase equation itself has a rather simple form, but 

difficulties arise as the activity and fugacity coefficients 

of the two phases are calculated. 

Fugacity coefficients may be obtained from an equation 

of state. Because there does not exist a universally 

applicable equation of state, judgment must be used in the 

selection of which equation to use. The most popular and 

widely used of these is the virial equation of state. 

Because of its simple mathematical form, the large amount of 

published first and second virial coefficient data, and the 

convenient methods for mixture calculations, the virial 

equation is easier to use than the more complex types of 

equations. 

Cubic equations of state, such as the API-Soave and the 

Peng-Robinson forms, use component interaction parameters to 

follow experimental data over larger temperature and 

pressure ranges. These equations have the great accuracy of 

some of the more rigorous equation types without the great 

complexities or computer time demands. 

The major limitation of the Benedict-Webb-Rubin type 

equations is the small number of components for which the 

necessary coefficients have been found. The large number of 

constants and the increased complexity involved in these 



equations often produce little or no advantage over the 

Soave or Peng-Robinson equation types. Although the Lee­

Kester type corresponding states equations are the most 

accurate generalized equations available, they also suffers 

from inherent complexity . 
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In the liquid phase, it is sometimes not possible to 

calculate appropriate fugacity coefficients from the 

equations of state. For these cases, the introduction of 

activity coefficients and the Poynting correction factor are 

necessary. The activity coefficients can generally be found 

from any one of a number of correlations. The Poynting 

factor is used to transform the liquid phase fugacity from 

the vapor pressure to the system pressure . 

The mathematical simplicity of the Margules, van Laar 

and related algebraic forms of activity coefficient 

correlations simplifies the necessary calculations. These 

forms can also handle some rather nonideal binary mixtures. 

But, for multicomponent mixtures, ternary or higher 

interaction parameters are needed. Although it is not 

directly applicable to immiscible liquid-liquid mixtures, 

the Wilson equation represents vapor-liquid equilibria very 

well. One of the biggest advantages of the Wilson equation 

is its ability to represent vapor-liquid equilibria for 
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binary or multicomponent mixtures with only binary 

interaction parameters. This gives the Wilson equation some 

the of the advantages of the more complicated correlations 

without any extra work. The NRTL and UNIQUAC correlations 

provide greater accuracy for liquid-liquid equilibria along 

with a multitude of additional constants and parameters. 

But distillation processes are primarily interested in 

vapor-liquid phase equilibria, therefore the NRTL and 

UNIQUAC methods provide little or no advantage over the 

Wilson correlation. 

Because the McCabe-Thiele diagram is constructed on a 

two dimensional surface, only binary mixtures of components 

are generally considered. But, in practical use, 

multicomponent streams can be approximated as binary 

mixtures in situations where the light and heavy key 

components make up the majority of the feed stream. For 

more evenly distributed multicomponent mixtures, several 

methods of thermodynamic property averaging can be used to 

create a psuedo-binary mixture. Here, the light key and all 

the other more volatile components are lumped together to 

form a low boiling group. And, the heavier components are 

lumped to form another group. The thermodynamic parameters 

of the two groups can then be averaged to find a set of 
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effective parameters. These techniques work best on 

mixtures whose phase equilibria behavior can be described by 

a single parameter thermodynamic model. For more nonideal 

mixtures where binary, and possibly ternary, interaction 

parameters are needed, the appropriate averages are 

difficult to determine. 
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3.2 COUNTERCURRENT MULTISTAGE CONTACTING 

Now that a graphical representation of the phase 

equilibria relations have been found, a corresponding 

representation of the distillation column operating 

conditions are needed. By developing the generalized 

material balance equations for countercurrent contacting 

equipment, an overall graphical description of the operating 

conditions can be found. These conditions are used with the 

equilibrium line information for separation process design 

and analysis. 

In a multistage countercurrent operation, the two 

streams contact as they pass in opposite directions through 

a cascade of equilibrium stages. The typical arrangement 

would have a liquid stream falling down the sequence of 

stages with the vapor stream percolating up through the 

liquid. This general arrangement is used in distillation, 

absorption, or extraction operations. Figure (5) represents 

a generalized cascade of equilibrium stages. 

In the above diagram, the variables Land V represent 

the molal flow rates of the liquid and vapor streams 

respectively between the stages. The x and y variables 

denote the mole fraction of the lighter component in the 

liquid and vapor streams. Because the McCabe-Thiele method 

is only used for binary or psuedo-binary mixtures, all of 

the stream composition information can be found from the 
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mole fractions of the lighter component in the each phase . 

The enthalpy of the streams is represented by the variable 
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H, with the liquid stream enthalpy subscripted with an Land 

the vapor stream with a V. 

Each of the equilibrium stages can be thought of as a 

continuous stirred tank reactor (CSTR) . The compositions of 

the liquid and vapor phases on each of the stages is assumed 
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to be homogeneous throughout the stage . Additionally, it is 

assumed that the residence time of each of the stages is 

such that a condition of thermal and phase equilibrium is 

achieved. Therefore, the composition of each stream is the 

same as that in the stage from which the stream originates. 

As a first step in developing a graphical 

representation of the operating conditions, a material 

balance is taken around the top tray of the cascade in 

Figure (5), Stage n+l. The control volume for the balance 

is shown by the inner dashed box on the diagram. Streams 

Ln+2 and Vn enter the control volume while streams Ln+l and 

Vn+l leave. The material balance becomes 

L n+2 X n+2 + V n Y n = V n+ 1 Y n+ 1 + L n+ 1 X n+ 1 ( i ) 

Or, solving for the vapor composition entering the control 

volume 

L n+ 1 
Y n = 

Vn 
X n+ 1 + 

V n+ 1 Y n+, - L n+2 X n•2 

Vn 
( i l ) 

The numerator in the last term of equation (ii) is the 

net flow of the lighter component out the top of the 

cascade. Because this expression will be used later, the 

variable, NF, will be defined as the net flow of the lighter 



component out the top. 

V r, ~ I Y r ~ I -- L n + 2 )<. n -t l 

With this new definition, the light component material 

balance becomes 

y f\ =-
Vn 

X n+ 1 -+ 
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( iv ) 

Another material balance is found for the second 

control volume shown on Figure (5). This volume includes 

the first two stages at the top of the cascade. Here, 

streams Ln+ 2 and Vn-l enter the control volume and streams 

Ln and Vn+l leave. 

L n-+ 2 X n+2 + V n-1 Y n-1 = V n+ 1 Y n+ 1 + L n X n ( V ) 

Again, solving for the vapor composition entering the 

control volume and using the defined variable NF, we obtain 

Y n-1 = 
L n 

Xn ... [ ] 
V n-1 

NF ( Vi ) 

V n-1 

With equations (iii), (iv) and (vi), the locations of 



the following points can be found on the x-y equilibrium 

diagram. 

( Y n ' X n+ 1 ) ( Y n-1 , X n ) 

These points represent the compositions of countercurrent 

streams passing each other between the stages in a cascade. 

From these points, and other points found in a similar 

manner, an operating line can be constructed. All of the 
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points representing the compositions of passing streams will 

lie on the operating line. 

The operating line can be straight or slightly curved 

to represent v.arying ratios of flow between the passing 

streams. Although the curved operating lines depict the 

more general situation, their use introduces an additional 

level of complexity into the calculations. As with the 

approximation of no pressure drop through the column, the 

assumption of constant molal overflow is made to simplify 

the calculations. Constant molal overflow corresponds to 

the case of a constant total molal vapor flow rate and a 

constant total molal liquid flow rate leaving all of the 

stages in a given section. This simplification provides 

solutions that are approximately correct for most cases. To 

find the implications of the constant molal overflow 

approximation, the energy balance around the stages must be 



considered. 

Returning to Figure (5), an energy balance for the 

inner control volume can be found. The energy associated 

with the streams entering the control volume minus the 

energy of those leaving gives the following balance. 
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L n+2 H L + V n H v 
n+2 n 

= L n+ 1 H L + 
n+ 1 

V n+ l H V 
n+ 1 ( vii ) 

Or, after a slight rearrangement 

V n+ t H V 
n+ 1 

V n H V 
n 

= L n+2 H L 
n+2 

L n+ I H L 
n+ 1 ( Viii ) 

Calculations can be made from equation (viii) to find 

molar flow rates of _the passing streams . The solution of 

this equation, with its composition dependent enthalpy 

terms, takes a great deal of computational time and energy. 

It is here that the approximation of constant molar overflow 

provides a great simplification. 

It can be seen, by considering the energy balance 

equations, that the internal flow rates are mathematically 

coupled to the enthalpies of the two phases at each stage. 

Although the constant flow rate assumption simplifies the 

calculations, it also places s~me constraints on the 

enthalpies of the phases. These restrictions are found as 

we continue to consider the energy equations. 



An expression of the change of the vapor flow rates 

from stage to stage can be found from the energy equations. 

First, by adding and subtracting terms on each side of 

equation (viii), the following expression is found. 

H v [ V n.,. 1 - V n ] 
n..-1 
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H L [ L n+2 L n+ 1 ] L n➔ 1 [ H L - H L ] ( i X ) 
n➔ ? n+ 1 n+2 

Combining this with the overall material balance around the 

same control volume from Figure (5), 

V n-t- 1 - V n = ( X ) 

we obtain 

V n+1 - V n = 
- H v ] - L n.,. 1 [ H L - H L ] 

n n+ 1 n+ 1 n+2 ( Xl ) 

H -V 
n+l 

By letting the left hand side of this equation go to 

zero (allowing no change in vapor flow rates from stage to 

stage), the consequences of the constant molar overflow 

simplification can be found. If the left side of the 
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equation is equal to zero then the right side must, of 

course, also equal zero. Since the denominator of the right 

side can not go to infinity, the numerator must go to zero 

for the case of constant molal overflow. This can only 

happen in one of the two following cases. 

1 ) H './ = constant , and Hl = constant 

H - Hv L V 
n • ~ n-+ ' r: :: 

2) - - ·· - -------·-

H L - Ht vri 
,..~ I n~,, 

A similar derivation using the change in the stage to stage 

liquid flow rates arrives at the same conclusions. 

From the first condition, it can been seen that the 

constant molal overflow simplification will be exact when 

the molar latent heats of vaporization of the two components 

are equal, the sensible heat changes due to temperature 

changes from stage to stage are negligible, and there is no 

enthalpy change from mixing effects. 

The second condition indicates that the simplification 

will be exact if the ratio of the stage to stage change in 

the vapor molal enthalpy to the stage to stage change in the 

liquid molal enthalpy is constant and equal to the ratio of 

liquid to vapor flow rates. This corresponds to the 

situation where the change in the vapor molal enthalpy with 



respect to vapor composition is equal to the change in 

liquid molal enthalpy with respect to the liquid 

composition, With the above conditions and all of the 

limitations of the first condition satisfied but the 

reference enthalpies of the saturated pure liquid A and B 

were not equal, there would be constant molal overflow and 

the following expression would be true. 

L Hv - Hv Y n - Y n - 1 n n+ 1 
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: = ( xii 
X n-+ 1 - X V HL - HL n n-t- 1 n-t-2 

Despite all of the restrictions, the simplification of 

constant molal overflow is close to being exactly correct 

for many cases. It is especially good for close boiling and 

nearly ideal mixtures; and in almost all cases, it does not 

severely affect the diagram. The computational ease that 

this approximation permits tends to outweigh the small error 

it introduces. 

With the vapor and liquid flow rates constant, all of 

the points that represent the compositions of the passing 

streams will lie on the same straight operating line. From 

any pair of points on the operating line the slope can be 

found. The slope will be equal to the ratio of the liquid 

flow rate to the vapor flow rate (L/V). 

Now, the entire operating line with the L/V ratio data 
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and the composition data for all possible countercurrent 

streams can be found from a minimum of information. The 

operating line can be constructed from (1) knowledge of the 

L/V ratio and the compositions of one set of passing streams 

or (2) knowledge of the compositions of two sets of passing 

streams ~ The passing stream information can come from the 

inlet and outlet compositions at one end of the cascade of 

stages. Or, in the context of a series of distillation 

trays, the compositions of a distillate or bottoms stream. 

With the phase equilibria equations and the operating 

equations now expressed in graphical form, a representation 

of the feed stream's thermal condition and physical location 

on the column is now needed. On the partial McCabe-Thiele 

diagram in Figure (6), the operating conditions for a single 

feed distillation column have been set up. All of the 

operating lines of the column lie below the curved 

equilibrium line. The top of the column is represented by 

the rectifying section operating line. From the diagram, we 

find that the distillate stream is saturated liquid with a 

mole fraction of the light component xD. The slope of the 

rectifying line gives the ratio of the internal flows (L/V) 

in the upper section of the column. The bottom of the 

column is represented by the Stripping section operating 

line. This line shows the bottoms stream being saturated 

liquid with xB as the mole fraction of the lighter 
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component. The slope of the line gives the ratio of 

internal flows in the stripping section of the column (L/V). 

The Feed line on the figure shows the total mole fraction 

(mole fraction of all phases combined) of the feed to be zF. 

From the slope of the feed line, the thermal condition of 

the feed stream can be found. 

X B 

Equilibrium 
line 

Rectifying 
section 

X D 

Figure ( 6 ) Partial McCabe-"thiele Diagram 
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The relation between the feed thermal condition and the 

slope of the feed line can be found by taking an energy and 

material balance around the feed tray in the column. 

Assuming that the molal enthalpies of the vapor and liquid 

phases on the trays above and below the feed tray are equal 

to those on the feed tray, these equations give a 

correlation between the thermal condition of the feed and 

the magnitude of the variable q. The definition of the 

variable q is as follows. 

q = ( Xl i 1 

Equation (xiii) states that the variable q is equal to the 

amount of enthalpy necessary to bring the feed to the 

saturated vapor state divided by the feed stream's latent 

heat of vaporization. Also one finds that the slope of the 

Feed line is equal to q/(q-1). Feed lines for various 

magnitudes of q are shown in Figure (7). 

Now that the phase equilibrium line, the feed line, and 

the operating lines for the rectifying and stripping 

sections have been defined, the number of theoretical trays 

necessary for the specified separation can be found. First, 

recall that the equilibrium line contains all of the phase 

information for the binary mixture at its equilibrium state. 
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Therefore, the points on the equilibrium line will 

correspond to all of the possible phase compositions on any 

of the trays. Also recall that the operating lines are 

defi~ed in such a way that they contain all of the possible 

compositions of countercurrent passing streams between the 

trays. By stepping off the trays like a stairway between 

the equilibrium and operating lines (as shown in the print 

out from the MCTHIELE program, Figure (8)), the number of 
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theoretical trays needed for the desired separation is 

found. 
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Figure ( 8 ) Optimal Feed Tray Location -- MCTHIELE Printout 

To step off the stage requirement, start at the 

distillate point at the top of the rectifying section line 

and move horizontally across to the equilibrium line. This 

point represents the composition of the mixture in the top 

tray of the column. Moving vertically down to the operating 

line, the point corresponding to the composition of the 

countercurrent passing streams between the top two trays is 



reached. Then, moving across to the equilibrium line, the 

mixture composition in the second tray is found. Moving 

down to the operating line again, one finds the composition 

of the passing streams between the second and third trays. 

Stages continue to be stepped off until the bottoms 

composition is reached or overshot. For the column in 

Figure (8), it is seen that eight theoretical trays are 

needed. 
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In practical application, the condenser on the top of a 

distillation column will be considered the top theoretical 

tray. Depending on the type of heating system, it has been 

reported that the reboiler can act as one to two theoretical 

stages. 

The point where the stages change from stepping off on 

the rectifying section operating line to the stripping 

section line marks the location of the feed tray. From 

Figure (8), the optimal feed stage location for this column 

is on the fifth stage from the top. If a non optimal feed 

tray location is used, the column will need more trays to 

accomplish the same separation. This is shown the following 

two figures. In Figure (9), the feed is introduced to the 

column at the seventh tray from the top of the column. In 

Figure(lO), the feed tray is located on the fourth tray from 

the top (seventh from the bottom). In both of these 

situations, the required number of trays to affect the same 
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separation increases from eight to ten . 
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The operation of all columns, theoretical and real, lie 

between two limiting operational conditions. The first of 

these limiting conditions is operation with the minimum 

number of stages. In order to minimize stage requirements 

the reflux ratio is adjusted to allow the greatest possible 

area between the equilibrium and operating lines. This 

occurs with an internal reflux ratio (L/V) equal to one. 

Under these conditions, the operating line falls on the 45 

degree, x = y line. Operating at this condition, called 

total reflux, there is no product stream withdrawn from the 

condenser or reboiler. An example of this situation is 

shown in Figure (11). Note that the reflux ratio given in 

the figure is the external reflux ratio (distillate stream 

flow rate divided by the returned liquid stream flow rate). 

An external reflux ratio (D/L) of zero corresponds to a 

internal reflux ratio (L/V) of one (no distillate stream 

flow). 

The other limiting condition is operation with the 

minimum internal reflux ratio. Because the operating lines 

can never go above the equilibrium line, the minimum 

internal reflux (or minimum rectifying section line slope) 

condition will occur when the intersection of the operating 

line and the feed line lie on the equilibrium line. Or, in 

the case of a complex equilibrium line, the operating line 

becomes tangent to the equilibrium line. The first method 
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Figure ( 12 ) Minimum Reflux Condition -- MCTHIELE Printout 



of minimum reflux occurs much more frequently. If the 

operating and equilibrium lines actually touched, it would 

theoretically take an infinite number of trays to past the 

pinch point between the two lines. A near minimum internal 

reflux ratio condition is illustrated in Figure (12). 

Again, remember that the reflux ratio on the figure is the 

external reflux ratio. 

The limiting condition of minimum stages requires an 

infinite (or total) reflux ratio and the condition of 

minimum internal reflux requires a infinite number of 

stages. As is seen in Figure (13), the optimal conditions 

to operate a distillation column will lie somewhere between 

these two extremes. 
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3.3 EDUCATIONAL SOFTWARE DEVELOPMENT 

The major goal in the development of the McCabe-Thiele 

design program was to create a good educational tool. 

Because of the graphical nature of this design method, the 

instructional possibilities of this computer application 
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were promising. Because of the mixed acceptance of computer 

aided instruction tools in the past, a great deal of time 

was spend defining the features that make an educational 

program successful. Before this could happen, the learning 

process itself had to be considered. For if the methods of 

learning and information transfer could be investigated and 

categorized, the goals and features of a good educational 

program could better be defined. 

Psychologists studying the learning process have 

defined two different methods of information transfer. The 

first of these learning modes involves written or verbal 

communication. This would include learning and 

understanding a subject through the use of books or verbal 

explanation. The second mode of learning uses visual and 

observational skills. These skills are used in learning a 

new task by a visual experience or pictorial representation 

of the action being performed. This idea of dual mode 

learning is also supported by biologists studying the 

fundamental division of the brain. They have proposed that 

the left brain is more analytical and language based whereas 
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the right brain is more abstract and visually based. 

In this case, the goal is to teach chemical engineering 

students the fundamentals of multistage separation 

processes. In the teaching of any complex subject such as 

this, different levels of learning are experienced. The 

first level of information transfer is the explanation of 

the mathematical and scientific knowledge necessary to 

rigorously solve the separation problem. This involves the 

development of phase equilibrium relations, the formulation 

and solution of the material and energy balance equations, 

and the mathematical expression of operating conditions and 

restrictions. By the careful combination of these 

expressions, the solution to most equilibrium stage 

separation problems is found. The second aim is to develop 

the students' sense of intuition. One of the traditional 

ways to accomplish this is to cover, in homework and 

lectures, a large number of problems that show variations of 

the process. But when the problems become more complex, it 

i~ more difficult to cover a wide range of problem types. 

Unfortunately, it is in these complex problems that the 

development of a sense of intuition is perhaps most 

important. 

Written and mathematical languages are certainly the 

best way to address the needs of the first level of 

learning. By deriving the equations that govern the physics 
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of the problem, the process is converted to a common 

mathematical language. In this form, the somewhat abstract 

concepts can be manipulated and sorted into a structure that 

the language based mind can understand and work with. 

Combining phase equilibrium equations, energy and material 

balances, and operation condition descriptions in the 

mathematical language, the solution to every definable 

problem can theoretically be found to an arbitrary 

precision. 

Although an extremely rigorous and exact solution can 

be found to any problem using the language based methods, it 

is not always easy to understand the implications of the 

results when they are conveyed as a list of numbers. Often, 

more important than the exact answer, is the answer's 

functional dependence on problem variables. Although 

analytic solutions can be found, the solution's dependence 

on input variables is difficult to draw from the highly 

nonlinear equations that arise in multistage separation 

processes. 

At this point, the second level of learning, the 

development of an intuitive feel for the problem, needs to 

take place. As the complexity of the system increases, a 

certain degree of engineering intuition into the problem 

becomes necessary. For example, consider running a chemical 

plant flow sheet on a mainframe process simulation program. 
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If, after the first run through the program, the desired 

product purity specification is not met, one must decide 

which parameters to change in the plant to increase the 

purity without adversely affecting the rest of the plant. 

Although the local consequences of each parameter change may 

be known, the overall effects are often unclear. A certain 

degree of engineering intuition must be exercised to make a 

intelligent guess at the appropriate changes. 

In the context of distillation columns, one might 

wonder what the effect of changing the reflux ratio would 

be. Although all of the relevant equations could be known, 

a student may not have the "feel" for the problem that an 

experienced engineer would have. Students familiar with a 

graphical solution technique such as the McCabe-Thiele 

method can complement their knowledge of the equations with 

a graphical representation of the problem. With this type 

of thought process, the student gains insight by learning to 

think in the visual language of the McCabe-Thiele diagram. 

From these considerations of the learning process, a 

number of conclusions and goals can be defined with regards 

to the development of an educational program. First of all, 

the graphical and visual elements of the McCabe-Thiele 

method should be emphasized and exploited. The option 

should be available to make all column specifications 

directly on the diagram to encourage the mental translation 
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of language based concepts to visually based 

representations. Secondly, all of the mathematical 

calculations made during program execution should be echoed 

on the displayed diagram to reinforce the relationship 

between the graphical manipulations and the mathematical 

calculations. Thirdly, all of the information shown on the 

diagram should be backed up by the concurrent display of its 

language based counterpart. This will help avoid any 

misunderstanding of the visual information. 

Along with the above goals, there are several other key 

features of good educational software that were included in 

the McCabe-Thiele program. Although there have been 

numerous attempts to produce computer learning tools, many 

of these are not used or accepted because of their 

shortcomings in several areas. The five key features of any 

educational program are that it should be: general, 

flexible, fast, understandable, and easy to use. 

The first of these features is the development of a 

general educational tool. Rather than being specific to a 

single problem type, the program should be general enough 

solve a large family of possible problems. One of the 

to 

outstanding features of the MCTHIELE program is the ability 

to solve for a number of the specified variables of the 

diagram yielding over twenty five different problem types. 

The second key feature of a good educational program is 



flexibility. The user should not be restricted to the 

programmer's idea of the "correct" technique for problem 

solution. The program should be flexible enough to handle 

methods of solution that the programmer has not thought of. 

For graphical solution techniques, the computer screen 
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should be used like a pencil and pad of paper. For example, 

in this McCabe-Thiele program, the user can point and move 

lines on the screen much like he can do with a graphics 

editor. After the desired equilibrium and operating lines 

are drawn, no matter how unexpected or strange looking, the 

solution to the defined problem will be found. 

The third consideration is computational speed. The 

calculation and display of problem solutions needs to be 

fast enough to allow the user to see a wide variety of 

problem types in a short amount of time. In this way, a 

number of solutions to problems with incremental changes in 

a single variable can be viewed in order to see the 

dependence of the solution on any of the variables. In this 

manner, the trends and patterns of various factors can be 

seen. In the context of the McCabe-Thiele program, the 

solution procedure is fast enough that an entire sequence of 

diagrams showing the full range of operating conditions all 

the way from minimum to total reflux can be generated in 

seconds. 

A good educational program should be easy to 
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understand. After all, the audience may know little about 

the program's topic. Remember, teaching the subject is the 

whole idea behind an educational program. But, on the other 

hand, the educational program's audience may consist of 

experienced users. Therefore, the program should be easy to 

understand but it should also avoid being simple-minded. A 

good educational program should grow with its user and allow 

advanced problem types without demanding them. Also 

important for clear understanding, is the presence of 

complete and informative error messages. The user should 

not need any "inside" information to decipher help messages. 

And, finally, an educational program has to be easy to 

use. The users should not find themselves at any point in a 

program where the next move is not clearly spelled out on 

the screen. And, preferably, the screen should suggest a 

variety of options if appropriate. Additionally, the use of 

a mouse or other pointing device, greatly improves the ease 

of use of any program. 

will not be used. 

If a program is not easy to use, it 

To recap, a good educational program must be general, 

flex~ble, fast, understandable, and easy to use. All of 

these features combine to generate a supportive computing 

and learning environment. Other, less crucial, factors add 

to the comfortable computing atmosphere created by the five 

main features above. All possible user errors should be 
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explained and then a second chance should courteously be 

extended. There should be no unrecoverable errors. Also, 

the program should not punish its users for any wrong move. 

If the programmer feels compelled to exercise the sound 

capability of the hardware, the "beeps" should be reserved 

for congratulations on a job well done rather than used as a 

method to scold users. 



3.4 MCTHIELE PROGRAM 

Utilizing the ideas about the learning process and the 

features of a good educational program presented above, the 

McCabe-Thiele program, MCTHIELE, was created. Like the 

multicomponent multistage distillation program, SEPTECH, 

before it, this program was developed on an IBM PC/XT under 

the C language with HALO graphics support. This language 
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and graphics software were recommended as a combination that 

would be compatible with the widest variety of hardware 

arrangements. The upward mobility of the C language under 

the UNIX systems was also considered. Because of its 

general availability the IBM personal computer was used for 

development. The first versions of the MCTHIELE program 

were written to take advantage of the high resolution, 

sixteen color modes of the AMDEK graphics board. Later 

versions are available for use on IBM standard and extended 

graphics boards. 

Because the MCTHIELE program was designed as an 

educational tool, the flow of calculations, the input 

routines, and the problem set ups are not constrained to a 

predetermined order. Rather than following a linear flow 

through the input procedure as was done in the SEPTECH 

program, specifications are made with the use of menus and 

option blocks. Because of this lack of an inherent 

computational flow, the program can follow any order 



preferred by individual users. 

The overall structure of the MCTHIELE program is 

depicted in Figure (14). This diagram can be used as a 

"road map" to understand the flow of the program. The two 

main locations of the program's outer shell are the Main 

Menu and the Display screen. One also notices the central 

location of the Work Place Screen in the program. It is 

here that the majority of the computational time is spent 

constructing and solving various problems. The rest of the 

program acts as a supporting cast to the activities of the 

Work Place Screen. 

DISPLAY 
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The Display screen is where the program begins when it 

is first accessed. This screen displays the current status 

of the McCabe-Thiele diagram under construction. The latest 

equilibrium and operating lines along with the most recent 

solution are shown here. To the right of the updated 

diagram, the numerical values of all of the variable are 

shown. Below the diagram, the status of the column 

conditions are updated. All of the printouts shown in the 

previous sections of this report are from the Display 

screen. 

In the bottom right corne~ of the Display screen, the 

user is informed that hitting any key will bring up the Main 
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Menu. This is the second of the major, outer shell 

locations. As one would expect, this menu supplies the user 

with a variety of options. Looking back to Figure (14), it 

can be seen that the path back to the Display screen can 

follow a number of different paths. Unlike many other 

programs, the various possible tasks between the Main Menu 

and the Display screen are all in parallel, there are no 

serial elements to these paths. This allows the user total 

freedom of problem specification. The program does not 

force a predetermined order of task execution onto the user. 

MAIN MENU 

On the Main Menu there are five options: Operations 

Menu, Equilibrium Menu, Print and File Control, Initialize, 

and Terminate. As can be seen in Figure (14), the first 

three of these choices leads to another menu. The 

Initialize command performs a task before continuing to the 

Display screen and the Terminate option ends program 

execution. 

*OPERATIONS MENU 

The Operations Menu is the pathway to the Work Place 

Screen. On this menu, the options of three different 

column types are given: Rectifying Column, Stripping 

Column, and Single Feed Column. After the desired column 

type is chosen, the program enters the Work Place Screen 
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to begin diagram construction. Recall that the Rectifying 

and Stripping Column types are simply the top and bottom 

halves of the more general Single Feed Column. 

*EQUILIBRIUM MENU 

The equilibrium line is defined using the Equilibrium 

Menu. Although the Main Menu is the primary way to access 

this menu, it can also be called from the Work Place 

Screen. Although the Equilibrium Menu can be reach 

directly from the Work Place Screen, the opposite is not 

true. 

**RELATIVE VOLATILITY 

The first option of this menu is a Relative 

Volatility definition. For instructional use, this is 

the fastest and least troublesome way to specify an 

equilibrium line. After the relative volatility is 

entered through the keyboard, the appropriate 

equilibrium line appears on the diagram. 

**USER DEFINED 

The second option is a User Defined equilibrium 

line. Individual points of the desired line are 

entered either through the keyboard or with the mouse 

pointing device. Through the keyboard, the points are 

typed on the screen using x and y coordinate 

specifications. The numerical values are entered with 

the return key. With the mouse, the user moves a 



crosshair cursor over the displayed diagram with the 

current x and y coordinates shown in the upper right 

corner of the screen. Once the desired coordinates 

have been located, a click on one of the mouse buttons 

will store the point. After using either method to 

select all of the points, the program then sorts the 

data, removes redundant points, and creates the user 

defined equilibrium line. 

**THERMODYNAMIC DATABASE 
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The third of the equilibrium definition options is 

not currently available. The Thermodynamic Database 

has been constructed from the list of thermodynamic 

parameters listed in the back of Henley and Seader's 

book [7]. But, because of the absence of interaction 

parameters, a regular solution theory or a modified 

Raoult's law approach is the most sophisticated 

thermodynamic method that could be used with this data. 

Because the use of these methods should be restricted 

to fairly ideal mixtures and the database included many 

polar and hydrophobic species, it was felt that 

equilibrium curves derived from these methods could be 

rather incorrect and misleading. Rather than providing 

curves that would be approximately correct a fraction 

of the time, it was decided to postpone the 

introduction of this option until a more thorough 



database could be constructed. 

*PRINT AND FILE CONTROL 

The third option on the Main Menu is the Print and 

File Control. From here, all of the file manipulations 

and diagram printing takes place. 

**SAVE DIAGRAM 
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The Save Diagram option is the first on this menu. 

With this option, the present diagram and all of its 

variable information are saved in a disk file. The 

diagram can be saved at any level of completion. Files 

can be saved on any disk drive the computer has access 

to. Warnings will be sent back if the specified disk 

is too full or if a file with the specified save name 

already exists. 

**RETRIEVE DIAGRAM 

The second option is Retrieve Diagram. As its 

name would suggest, this option will recover a 

previously saved diagram from a disk file. The diagram 

to be retrieved could be a completed or partially 

completed diagram saved during the present or any 

previous MCTHIELE session. If the specified file is 

not found, the option to search other disk drives will 

be offered. 

**PRINT DIAGRAM 

The Print Diagram option sends the current diagram 



to the graphics printer. When a diagram is to be 

printed, the program asks the user for confirmation 

that the printer is turned on and attached. The 
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purpose of the conformation step is to help users avoid 

unnecessary down time while unwanted diagrams are 

printed. As with most graphics printers, once the 

printing has been started, the is no civilized way to 

stop the procedure. Currently the Epson, IBM, Okidata, 

and compatible graphics printers are supported by 

MCTHIELE. 

**PRINT WITH GRID 

The fourth option, Print With Grid, also allows 

hardcopies to be made of the diagrams. With this 

option, the diagram will include a grid with lines at 

one tenth of a mole fraction intervals. 

*INITIALIZE 

To begin a new problem by starting over from scratch, 

the Initi~lize option is selected from the Main Menu. The 

Initialize command will not only unspecify all of the 

operation variables, but it will also undefine the 

equilibrium line and set the operation conditions to their 

initial values. Once this command has been executed, all 

onscreen information is lost. Of course, all data saved 

in a disk file will still be accessible. 

*TERMINATE 
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This final option from the Main Menu will halt 

program execution. The graphics screen will be closed and 

the system prompt will return to the text screen. 

WORK PLACE SCREEN 

A pictorial representation of the screen fields in the 

Work Place are shown in Figure (15). In the upper left 

portion of the screen is the largest of the three fields, 

the Diagram Field. This is where the McCabe-Thiele diagram 

construction takes place. The status of the of the current 

problem is always displayed here and all iterative 

calculations are shown to illustrate the convergence to the 

solution. The Diagram Field is also used for variable 

specification. If a mouse is in use, the option will be 

given during every variable specification to use the mouse 

to point at values directly on the diagram. Distillate, 

feed, and bottoms compositions, operating line slopes, and 

equilibrium line points can be selected by using the mouse 

to "point and pick". 

Directly below the Diagram Field, lies the Condition 

Field. Access to this field is made by selecting the Change 

Conditions option from the Option Field. In the three boxes 

of the Condition Field, the defining diagram information is 

found. The first box contains the feed tray location 

information. If the optimal feed tray is being used in the 
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Figure ( 15 ) work Place Screen -- MCTHIELE Program 

calculations, the word "optimal" will appear under the "feed 

location" title. If a specified tray is being used for the 

column, the tray location will be displayed. The feed tray 

number can be specified using a top to bottom or bottom to 

top numbering convention. 

The second box of the Conditions Field contains the 

thermal feed condition data. The variable, q, as defined 

earlier in this report, is used as a measure of the feed 



condition. The initial value of the q variable is zero 

corresponding to a saturated vapor feed condition. This 

variable can be changed to reflect any phase condition from 

subcooled liquid to superheated vapor. 
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The equilibrium line definition appears in the third 

box. Relative Volatility, User Defined, and Thermo Database 

equilibrium types are identified here. The numerical value 

of the relative volatility is also displayed when 

appropriate. By choosing this box after the Change 

Condition option, the program advances to the Equilibrium 

Menu. When the Equilibrium Menu is entered in this fashion, 

the Work Place Screen will be returned to after the desired 

changes have been made. 

The Option Field occupies the right third of the 

screen. It is here that all of the variable specifications 

are made. In the case of the Single Feed Column type, this 

field will contain the five diagram variables, the Begin 

Calculations, the Change Condition, and the Return options. 

After the equilibrium line, the feed condition, and the 

feed location type have been specified, the five variables 

of the Option Field are all that is left to totally specify 

the Single Feed Column diagram. Of these five variables 

(distillate, feed, and bottoms composition, reflux ratio, 

and number of trays), at least four must be specified before 

any calculations can begin. The specification of the three 
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external compositions can be made through the keyboard or by 

pointing to the desired values on the Diagram Field with a 

mouse. As the mouse is being used as a pointer, the 

numerical value of the mouse's current diagram location is 

given to aid in precise variable specification. Either the 

internal or external reflux ratio definitions can be used to 

chose the diagram reflux ratio. 

As each of the variables is specified, the value is 

shown on the Option Field directly under the variable title. 

Also, a blue asterisk appears next to the selection box of 

the variable to again indicate that the value has already 

been chosen. After four of the variables have been 

specified, the calculation of the remaining value can begin. 

Once a solution has been found, the Diagram Field will 

display the current diagram and the value of the variable 

will appear in the Option Field as the final variable 

specification. 

At any time during this procedure, any of the values of 

the variables can be changed. If an already specified 

variable is chosen, the following three options will be 

offered: Change Value, Unspecify Value, or No Change. The 

option to unspecify variables allows the user to explore 

many different situations with a minimum of extra effort. 

For instance, a first problem solution can ask for the 

number of trays necessary to achieve a desired separation at 
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a chosen operating condition. After the number of trays has 

been solved for, the reflux ratio can be changed and the 

Number Of Stages variable can be unspecified. Now the new 

problem with a slightly different operating condition is 

ready for solution. In this way, a range of solutions with 

varying reflux ratios can generated quickly and easily. Or, 

as a second example, the solution for the necessary number 

of trays can be found and then the number of trays can be 

reduced to simulate the effect of tray fouling and the 

distillate composition can be unspecified. The solution to 

this problem would show the reduced distillate product 

purity caused by tray fouling of the previously designed 

column. 

This freedom in variable and problem specification 

allows the solution of a wide variety of problem types. 

Parametric studies of different distillation variables are 

easily performed. The trends and patterns of various 

separations _processes become clear and the exploration of 

new areas becomes invitingly easy. 
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3.5 CLASSROOM EXPERIENCE 

The MCTHIELE program was used to supplement instruction 

in a senior level chemical engineering class at Caltech. 

This class ~ titled Separation Processes, was offered during 

the fall term of the 1985-1986 academic year. 

During the previous year, the separations course had 

been targeted for the introduction of computer aided 

instruction. Traditionally, this class had been a problem 

oriented introduction to separation processes. But last 

year the course included instruction in the C programming 

language and computer homework sets were assigned. The 

purpose of the introduction of computers to this course was 

to teach problem statement, organized solution procedure, 

and computational skills. Along with the computer homework 

assignments, a computational term project in the field of 

separation processes was required. 

Aside from the term projects, all of the computer 

programs used in the course during the previous year were 

developed by the students for individual homework 

assignments. Although these short, disposable programs were 

able .to teach concepts pertaining to the narrow area of 

chemical engineering that they were designed for, the need 

for some well developed educational tools became apparent. 

A mature program that had extensive error checking for 

robust performance with novice users and that covered a wide 
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range of problem types was needed. The MCTHIELE program was 

designed to fill this need. 

During the second year of the computer enhanced course, 

the MCTHIELE program was supplied to all of the students for 

use on a variety of homework problems. After one laboratory 

session for explanation of the program's use, disks with the 

program and pre-stored partial diagrams were handed out. 

The homework assignment that was assigned that week involve 

the pen and paper construction of two McCabe-Thiele type 

diagrams along with the computer construction of 

approximately thirty other diagrams . 

The assignment of the two diagrams to be drawn by hand 

was to insure that the concepts of the McCabe-Thiele diagram 

were understood. This was to eliminate the possibility of 

the ignorant user; one who can use the program to generate 

numbers without bothering to understand the techniques 

involved. The thirty computer diagrams included sequences 

of solutions with incremental changes in certain variables 

to understand their importance. Although print outs of 

solutions were not required, for this would take a great 

amount of time, the numerical answers were turned in . 

The students' reaction to the MCTHIELE program was very 

enthusiastic . Many people commented on the ease of use of 

the program . Using the mouse as a pointing device for 

drawing the onscreen diagram was found to be very helpful. 
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It was also mentioned that the program was still quite easy 

to use when a mouse was unavailable. The extensive warning 

and help messages also made the program more convenient. 

Although a third of the class missed the program 

instructional session, no one had any problems understanding 

the program by themselves. 

Another indirect effect of the program's introduction 

was seen through the term projects. After the students had 

been exposed to a well written and more general type of 

problem solving tool, the quality of projects over the 

previous year was dramatically improved. Much more thought 

was invested into the projects' logical flow, use of 

graphics, and "user friendliness". The projects also solved 

more general problems and several students designed programs 

that they hoped could be used for instruction in the future. 

But, perhaps the most powerful statement of the 

MCTHIELE program's success as an educational tool was that 

when the homework sets were turned in, the students had not 

only constructed the thirty two diagrams that were assigned 

but they had used this tool to explore additional conditions 

and features. The returned homework sets had an average of 

five to ten additional problem solutions. The comfortable 

atmosphere, the fast solution of problems, and the ease of 

use had encouraged the students to explore additional areas 

and to ask new questions. 
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5.0 APPENDIX 

LISTING OF SEPTECH, DEVELOPMENTAL VERSION 3.40 

GLOBAL.H 

SEPTECH.C 

N MIN.C 

FEED.C 

THERM.C 

RESULTS2.C 

LISTING OF MCTHIELE, VERSION 2.00 

MC.H 

COLOR.H 

MCI. C 

MC2.C 

MC3A.C 

MC3B.C 

MC4.C 

MC67.C · 

MCHALO.C 
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int h_key, l_key; 

f:oat temoF, foress, o_colwrn, o_bubble, o_dew, al~1a_hk(21J, feed[21J; 

float old_fp, p_boiler, t_boiler, o_cond; 

float H21!, dist(21J, bott(21J, lio(21J, vao[21J; 

int r.um_co1p, string(!; 

char *hCJ ={ 

"nul •, 
"1 l !"-ethane", 
"2) Methanol", 
''3l Ethylene", 
"4) Ethane", 
"5l Ethanol", 
"6l Acetone•, 
"7) Propane•, 
"SJ Tso-Butane•, 
''3) n-Butane•, 
"101 Iso-Pentane•, 
• 11 l n-Pentane", 
"~2) Benzene•, 
"1 3) Cyclo-Hexane•, 
"14) n-Hexane•, 
"!5) "'.'"oluene", 
":6: n-Heptane•, 
•~7l Styrene", 
"18) Ethylbenzene", 
• ~ 9) n-Octane•, 
"20) n-Nonane• 

int : oir.pnts[21J; 

f :oat database[21][6J ={ 

{0.0, 0.0, 0.0, 0.0, 0.0, 0.0}, 
{673.1, 5.680, 52.0, 5.14135, 1742.64, 452.974}, 
{1153.6, 14.510, 40.5, 7.5133, 6468.1, 396.2}, 
{742.2, 5.801, 61.0, 5.27791, 2569.0, 433.92}, 
{709. 8, 6. 050, 68. o, 5. ,383(3, 2847. 9, 434. 9}, 
{925.3, 12.915, 58.4, 7.4344, 6162.36, 359.4}, 
{693. 7, 9.566, 73.5, 6.244412, 5356. 7, 397.53}, 
{617.4, 6.4, 84.0, 5.3534, 3371.1, 414,5}, 
{529,l, 6. 730, !05.5, 5.6118, 3870,4, 409.95}, 
{550.7, 6.634, 101.4, 5.7416, 4125.4, 409.518}, 
{483.0, 7.020, 117.4, 5.50\X), 4221. 1, 387.3}, 
{ 489. 5, 7. 020, 116. 1, 5. 854, 4598. 3, 394.41}, 
(7!4,2, 9. 158, 89.4, 5.658, 5307.8, 379.5}, 
{591. 5, 8. 193, 108. 7, 5. 473, 5030. 3, 371. 27}, 
{440.0, 7.266, 131.6, 6.039, 5085.8, 382.8}, 
{587.8, 8.914, 106.8, 5.944, 5836.3, 374. 75}, 
(396.9, 7.340, 147.5, 5.986, 5278.9, 359.5}, 
{559.0, 9.211, 115.0, 6.071, 6329.6, 358.6}, 
(540.0, 8.783, 123.1, 5.747, 5862.9, 349.8}, 
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{352.1, 7.551, :63.5, 5.414, 5947.5, 360.3}, 
{331.0, 7.549, 17'3,5, 5.222, 5552.5, 331.0} 

float ~_,in, R_min, N_actual, R_actual, ~_strio; 

int converge, suoer~eat, subcool, comprs; 



SEPTECH2.C Develooemental Version J. 4-0 

SEPTECH2.C 

Develooemental Version 3.40 

Saooort l1braries: Halo, Le, Curses 

tincl~de (global,h) 
llinclude (stdio. h) 

r.iainO 
{ 

init_halo(4); 
_sehorldO; 

co110(); 

feedcond(l; 

therm(); 

split(); 

"'1ile ( 1converge) 
{ 

::iubbl e O ; 

/t initialize~□ graphics t/ 
/t set 110rld coordinates f/ 

/t choose feed co~oonents t/ 

/t soecify feed conditions f/ 

/f c~eck t~erraal condition t/ 

/t soecify desired solit f/ 

/f bubble point calculation of oistillate t/ 

flas.i1col (); /f flas.'1 feed stream at column pressure f/ 

} 

~in_stage(); /f calculate M1niMUJ1 theoretical stages f/ 

TR_dist(); /f calc distribution at total reflux f/ 
} 

out char (7) ; 

:11in_rflx(); 

actual(); 

feedstageO; 

:-Ji ler (); 

if (comprsl 
::ornoress () ; 

results20; 

/1 signal the end of main iterations t/ 

/f calc minimum reflux ratio f/ 

/1 calc actual # of stages & reflux ratio t/ , 

/1 calc ooti111al feed stage location t/ 

/t calc reboiler conditions t/ 

/t notify if compressor is needed t/ 

/t displays results on graohics scrffn f/ 
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/HfffffffH+H+fffffffffffftttttftffffffftftffffffHfHffftfffftffffffHf 

:~is file contair,s t,;e fol low in~ routines: 

rain_stage() calculates the minimwa nWJJber of stages 
at an infir:ite reflux ratio 

:R_cist () find distribution of comoonents at conditions 
c.f total reflux 

11in_rflx () calculate mini1ura reflux with an 1nfin1te 
nWllber of stages 

actual() fir~s actual nUJ1ber of stages arid the 
corresoonding reflux ratio 

feed st age ( l finds optiriial feed stage location 

bubble() does bubble ooint calculation on distillate 

f!ashcol 0 determines results of flashing feed at 
coluam pressure 

k_value(l calculates k values fro11 the COIIPOSition 
dependent IIIOdified Raoult's equation 

'lJTE: These routines MUST be linked with the "halo" file because 
osuedo-halo commands are used. 

H-fHHHHffffHffffffHfffffffffffffffffffffHIIIIIIIIIIHfHHHffffffff/ 

4inc!uce <extern.hl 
*ir.c'.ude <mat~.h) 

/f 

This routine calculates the minimua number of stages requiN!d to 
effect the desired split with total reflux. 

min_stage() 
( 

float aloha_iJ, 
varl, var2, var3; 

t/ 

/+ relative volatilities of i and J +/ 
/t generic variables +/ 

aloha_iJ = k[l_keyl / k(h_keyl; 

var!= dist[l_keyl / dist[h_keyl; 
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} 

/f 

var2 = bott[h_keyl / bott[l_keyl; 

N_■in = log(varl I var2l / log( alpha_iJl; 

The following routine finds the distribution of components at 
conditions of total reflux 

t/ 

TR_dist 0 
{ 

float varl, /1 generic variable 1/ 
hk_ratio, /1 comp to heavy key ratio 1/ 

· old_bott; /1 old bottoms flow rate 1/ 

int i; /1 counting variable I/ 

k_value(feed, te11pF, ll; /1 co■ putes k values 1/ 

old_bott = bott[Ol; 

hk_ratio = dist(h_key] / bott(h_key]; 

/+ For lighter c011oonents, calculate bottOIIS flows and use material 
oalance to find distillate flow. 1/ 

for (i=l;i<=l_Key;++i) 
{ 

} 

if (feed[i]) 
{ 

bott(il = feed(il/(1.o+hk_ratiot p0111(alpha_hk[il, N_minll; 
dist[i] = feed(i] - bott[il; 
} 

/1 For heavier e011ponents, calculate distillate flows and use 
11aterial balance to find bottoas flow. 1/ 

for (i=h_key;i<=20;++il 
{ 

} 

if (feed[i)) 
{ 

var1 = 1.0 + hk_ratiot poN( alpha_hk[i], N_■inl; 

dist[i] = feed[i]lhk_ratiot p0111< alpha_hk[iJ, N_■inl / varl; 

!:>ott[il = feed[i) - dist(il; 
} 



} 

/f 

Devel0De11ental Yersion 3.40 

bott [OJ = 0. O; 
dist[OJ = 0.0; 

□age 3 

/f store total flow rates in the zero elements of the arrays 1/ 

for (i=l;i<=20;++il 
{ 

} 

if (feed[i]) 
{ 

bott[0] = bott[O] + bott[i]; 
dist[0J = dist[0J + dist[i]; 

} 

/ 1 test for convergence of non-key component splits 1/ 

converge= 0; 

if (( fabs(old_bott - bott[OJl / bott[OJl ( .0001) 

converge = 1; 

The 1ini1U11 reflux ratio for an infinite n1.111ber of stages is 
found by this routine, 

t/ 

min_rflidl 
{ 

} 

/f 

float L_min, 
varl, var2; 

/f ■ini ■ua liquid phase returned to colwan f/ 

/f generic variables +/ 

varl = alpha_hk(l_key] * dist(h_key] / liq[h_key]; 

var2 = liq(0] f ((distCl_key] / liq[l_key]) - varl); 

L_■in = var2 / (alpha_hk[l_keyJ - 1.0l; 

R_■in = l_■in / dist[Ol; /t 1ini11.111 reflux ratio t/ 

This routine finds the actual nuaber of stages necessary at the 
appropriate reflux ratio. 

f/ 

lldefine GILL_COR 1. 30 /t Gilliland Correlation n1.111ber t/ 
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{ 
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float varl, var2, var3, /f generic variables f/ 
_x; /1 diaensionless oaraAIE!ter 1/ 

R_actual = R_1in * GILL_COR; /factual reflux ratio f/ 

_x = (R_actual - R_■inl/(R_actual + 1.0l; 

varl = (_x - 1,0) / oow(_x, 0,5); 

var2 = (1.0 + 54.4 * _xl / (11.0 + 117.2 * _xl; 

var3 .= 1.0 - exp(var1 * var2l; 

N_actual = (var3 + N_■ inl / <1.0 - var3l; /factual stages t/ 

} 

/f 
The optiaal feed stage is found in this routine. 

f/ 

feedstage(l 
{ 

} 

I• 

float varl, var2, var3, var4; /f generic variables 

varl = bott[l_key]/dist[n_key]; 

varl = pow(var1,2.0l; 

var2 = feed[h_keyl / feed[l_key]; 

var3 = var1 • var2 • bott[0l / dist[0l; 

var4 = pow(var3, 0.206); 

N_strip = N_actual / (1.0 + var4l; 
I• n1111ber of stripping section stages t/ 

The bubble point of the distillate streaa is found in the 
following routine. 

f/ 

tdefine R 1.987 /t C=l cal/(g■olil<l f/ 
t• universal gas constant f/ 

f/ 
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tdefine RFLX_T 120,0 /t 120,0 degree F t/ 
/t rule of th1.111b teap for cooling water use t/ 

/f 

P bub= SUM ( gama t z t p_sat l 
f/ 

bubble 0 
{ 

float p_sat, 
del_bar, 

/t saturation pressure 
/t averaged solubility paraaeter t/ 

gama, /t liquid state fugacity coeff. t/ 
varl, var2, var31 /t generic variables t/ 

/t teap in degress K t/ 

int i; 

working(); 

varl = 0.0; 
var2 = 0.0; 
var3 = o.o; 

/t counting variable t/ 

for (i=1;i<=20;++il /t calculate del bar t/ 
{ 

if (dist Ci] l 
{ 

} 

} 

varl = dist(iJ/dist(OJ t database(iJ[2J; 
var2 = var2 + varl t database(iJ(lJ; 
var3 = var3 + varl; 

del_bar = var2 / var3; 

p_cond = 0.0; 

f/ 

for !i=l;i{=20;++i) /t solve equation for bubble teaoerature t/ 
{ 

if (dist(i]) 
{ 

te11pK = 273,15 + (!RFLX_T-32.0JtS,0/9.0l; 

varl = (databaseCiJ[2J/(Rtte11pK>>; 
var2 = !databaseCiJClJ - del_barl; 
var3 = var2 t var2; 
gaaa = eip(varl t var3); 

varl = database[iJ(4]/(RFLX_T + databaseCil[SJ>; 
/I 120.0 degree Ft/ 

var2 = database[ilC3l - varl; 
p_sat = database(iJ[OJ t eip!var2l; /t (=l psia t/ 

p_cond = p_cond +(gaaatdist[iltp_sat/dist[OJl; 
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} 

p_colwm = p_cond + 7. 5; 

I* This added 7.5, allows for a oressure drop of 5 psia through 
the condenser and another 5 psia for the colwm. f/ 

} 

double for-,j_der(l, derfxn(l, fxn<l; 
I* variable types of procedure returns f/ 

#define INTRVL 0.0001 /f delta for the nUIIE!rical derivitive f/ 

tdefine TOL 0. 0001 /t the error tolerenc:e between sucessi ve 
iterations of psi f/ 

/t The next two routines calculate a nUIIE!rical derivitive of an arbitrary 
function. The first routine calculates a central derivitve with the 
delta defined above as IITTRVL. If the central derivitive is equal to 
zero, the forward derivitive is found, This eli ■ inates the possibility 
of division by zero if the Newton method is used, The delta for the 
for-,jard derivitive is also INTRVI... t/ 

double derfxn(f,yl 
double ( ff) (); 
~ouble Yi 

/f the central derivitive f/ 

{ 

} 

double y_up, y_down, der; 
y_up = y + INTRVL; 
y_cowri = y - INTRVL; 
der = (((ff) (y_upl - (ff)(y_downll/(2.0fIITTRVl.ll; 

/t If the central derivitve is equal to zero, the fon.ard 
derivitive is calulated. t/ 

if ( der = 0.0 l 
{ 

der = fo,,__der(fxn, yl; 
"} 

return(derl; 

double for-,j_der(f,yl 
double ( ff) O; 

/t the foniard derivitive t/ 

double Yi 
{ 

double y_up, der; 
y_up = y + INTRVL; 
der = (((ffl!y_up)-!tfl!yll/INTRVU; 
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return(derl; 
} 

f* This is the Rachford-Rice flash furction. The evaluation involves 
taking the SU.I of a finite nU11ber of teras. The nuaber of terlRS is 
equal to the nuaber of comoonents. 1/ 

double fxn (yl 
double Yi 
{ 

} 

/I 

double sWR1; 
int i; 

/1 the suaing varible 1/ 

/ta counting varible 1/ 

sum = O; /1 reset sua to zero 1/ 
for ( i=l; i (=20; i ++) 

{ 

if (feed[i)) 
SU81 = su..+(((feed(i]/feed(0]lt(l-k(i]l)/(l+yt(k[i]-lll)j 

} 

return(sua>; 

The results of the flash vaporization of the feed streaa to 
the operating conditions of the c:oluan. 

I/ 

flashcol 0 
{ 

float old_liq, /t storage of the previous iteration 1/ 

p_sat, /f saturation pressure f/ 
osi, /t root of the Rachford-Ric:e equation 1/ 
old_psi, /f storage of the previous iteration 1/ 

varl, var2; /f generic variables 1/ 

int i; /fa counting variable 

COllprs = O; 

fpress = old_fp; 

if (fpress (= p_c:oluan) 
{ 

COllPrS = 1 j 

old_fp = fpress; 
fpress = p_colwm + 5.0; 

} 

I/ 
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/t first guess of split to start iteration t/ 

for (i=l;i (=20;++il 
{ 

if (feed[ill 
liq[il = feed[il/2; 

} 

osi = 0.0; 

do /t perfor115 iterations on the total liauid flOM rate t/ 
{ 

k_value(liq,te11pf,0J; 

. old_liq = liq[0l; 
/t store previous iteration of total liquid flOM t/ 

do I• perfor95 iterations on psi t/ 
{ 

old_psi = psi; /t saves last iteration t/ 

psi= psi - (fxn(psil/derfxn<fxn,psill; 
/t the Newton's aethod equation t/ 

} while ( fabs(old_psi - psi) l TOl..l; 

liq[0l = feed[0J t (1.0 - psil; 

for (i=l; i(=20; ++il 
{ 

/t calc flash split •I 

if (feed[i]l 
liqCil=liq[0Jt((feed[il/feedC0ll/(l+osit(k(il-1lll; 

} 

} while (fabs((liqC0J - old_liql/liqC0]l l 0.0011; 
/t until liquid flON rate iterations are Nithin 0.1 % t/ 

vap(0] = 0.0; 

/t find vapor flONS t/ 

for (i=1;i<=20;++il 
{ 

} 

if (feed[ill 
{ 

} 

vap[i] = feed[i] - liqCil; 
vap[0l = vap[0l + vap[il; 
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} 

/f 

The equilibriWI k values are found in tnis routine using the 
c011position dependent IIIOdified Raoult's eouation. 

f/ 

k_value(flow,temp,alphal 
float flow[21], /1 a dumy array to hold streaa condition values 1/ 

teap; /1 streaa temperature 1/ 
int alpha; /1 on/off indicator for relative volitility ootion 1/ 
{ 

float tet1pl<, 
p_sat, 
del_bar, 

/1 temperature in degrees K 
/1 saturation oressure t/ 

/1 averaged solubility para 1/ 

gaaa, /1 liquid fugacity coefficient 
varl, var2, var3j /1 generic variables 1/ 

int i; 

var1 = 0.0j 
var2 = 0.0; 
var3 = 0.0; 

/1 counting variable 

/1 calculate del bar 1/ 
for (i=1;i<=20;++il 
{ 

} 

if (flON(il) 

{ 

} 

varl = flON(i]/flON(0] 1 database[i](2]; 
var2 = var2 + var1 1 database(i](1J; 
var3 = var3 + var1j 

del_bar = var2 / var3; 

te11pK = 273.15 + (tl!llp - 32.0)15,0/9.0; 

f/ 

I/ 

I/ 

/1 find fugacity coefficient and saturation oressure to find 
an equilibriWI k value 1/ 

for (i=1;i<=20;++il 
{ 

if (flow(i] l 
{ 

var1 = (database(i](2]/(R1te11oKll; 
var2 = (database(i]C1] - del_barl; 



} 

} 
} 
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var3 = var2 1 var2; 
gaaaa = exp(varl I var3l; 

varl = database(i][4]/(te1p + database(iJ[Sll; 
var2 = database[i](3J - var!; 
p_sat = database[iJ(Ol I exp(var2l; /1 C=J psia 1/ 

k[i] = gaaa I p_sat / p_coluim; 

if (alpha) 
{ 

/f if relative volitility option ON f/ 

for (i=1;i<=20;++il 
{ 

if (flow(iJl 
alpha_hk(iJ = k(iJ/k(h_keyJ; 

} 
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/lllllllllllllllllllllllllllff+illllllllllllllHffffffffffflllllllllHff¾ffff 

This file contains the following routines: 

feedcond(l 

splito 

strngO 

_get ch 0 

allows choice of twenty components in database 

specification of feed c011position, te11oerature 
and pressure 

specification of primary solit and percents of 
key C011ponents in distillate 

a routine for displaying keyboard input on 
color monitor 
( original code fr011 Anthony SJkellua) 

an "intelligent• getch etaand to support the 
COCIIP O and split O routines 

NOTE: These routines ll.lST be linked Mith the "halo" file because 
psuedo-halo c:caands are used. 

fflllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll/ 

tinclude (11c1th.h) 
#include (extern.h> 
tinclude (carses.h) 

This routine allONS specification of the feed streaa c011oositions, 
te11perature, and pressure 

feedcond(l 
{ 

t/ 

_char laabdaC12J; /f du.y character string 

int i, J, 
nU11C011p; 

float tcury; 

_setcolor(O); 
clrO; 

/1 counting varibles 
/1 number of 1:011ponents 

/1 text cursory value 

/1 clears screen to black 

diagraa(0.0,0.0,200.0,1000.0,6,0,0,l); 

t/ 

f/ 

f/ 

f/ 

/1 (xlow,ylow,xhigh,yhigh,color,trays,truefeed,diafeed) 1/ 
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_setext (2, 1, O, 1l; 
_inittcur<2,4,11l; 
_rsovtcurabs ( 10. O, 10. Ol; 
_settextclr(0,2l; 
text!" Type in nuabers 

/I (height,~idth,path,mode) 
/I (height, ~idth, color) 

/1 (foreground,backgroundl 
'RETURN' to enter "l; 

/f coaand line text -t/ 

_set ext (2, 1, O, Ol; 
_movtcurabs(250.0,950.0l; 
_settextclr!4,0l; 
text("SPECIFY FEED COMPOSITION">; /-t title of page -t/ 

_setext!1, 1,0,0l; 
_movtcurabs(300.0, 900.0l; 
_settextclr(4,0l; 
text("(=] LBl«l.ES / HR"l; 

_setext!2,1,0,0l; 
_settextclr!11,0l; 
nUIICOllp = O; 

t/ 

t/ 

-t/ 

for (i=1;i(=20;++il 
{ 

/-t displays naaes of chosen eo11ponents f/ 

} 

if !eo11pnts(il = 1) 

{ 

++nUIICOllpj /t counts nu■ber of eo11ponents 

_10vtcurabs(200,0, 800.0-(nUIICOllp * 50.0ll; 
text (tx[il l; 

} 

nu■_COIIP = nUIICOllp; 

_rwovtcurabs(200,0, 800,0-(nUIICOllo + 2) 1 50.0l; 
text!"Tet1p C=] deg F"l; 
_movtcurabs(200,0, 800.0-(nUIICOIIP + 3) * 50.0l; 
text("Pressure C=l psia"l; 

for !i=1;i<=20;++il 
{ 

/t accepts input of flON rates 
/f flow rates stored in feed(21l t/ 

if !eo11pntsCil l 
{ 

-nuacoap; 
tcury = 800,0-(n1111_eo11p--nU11C011pl•50.0; 
_110vtcurabs(200.0, tcuryl; 
_settextclr<16,0l; 
text <tx Cil l; 

strng<6SO.O, tcury, la■bda, 1, 10); 

feedCil = atof!la■bdal; 

_movtcurabs!200,0, tcuryl; 
_settextclr(ll,Ol; 

f/ 
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} 

/I 

text(tx(i)l; 
} 

} 

_inittcur(l,1,0l; 

for (i=1;i<=20;++il /1 sets feed(Ol equal to total feed rate 1/ 

{ 

feed(Ol = feed[Ol + feed(il; 
} 

/1 accepts input of feed temperature 1/ 

_settextclr116,0l; 
strngl700.0, 800.0-(nUII_COIIP + 2) * 50.0, laabda, 1, 101; 
sscanf(lc111bda, "%f", &teapfl; 

/1 accepts input of feed pressure 1/ 

strng!700.0, 800.0-lnUII_COllp + 3) * 50,0, laabda, 1, 10); 
sscanf(laabda, •it•, &fpressl; 

old_fp = fpress; 

if (te11pf (= 130. 0) 
preheat(); 

This routine allows selection of c:oaponents fro11 list in database. 
I/ 

c:oap() 
{ 

int old_nua, na_nllll, I• variables for tracking cursor 1/ 
hue; /1 color indicator 1/ 

char c; I• a dw.y character variable f/ 

diagraa10.o,o.o,200.o,1000.o,5,o,o,1>; 
/1 (xlON,ylON,xhigh,yhigh,color,trays,truefeed,diafeedl •I 

_setextC2,1,011l; 
_inittcur(l,1,0l; 
_110vtcurabs<lO.O, 10.0l; 

/f (height,Nidth,path,IIOde) 
/f (height, Nidth, color) 

_settextclr(0,2l; /1 (foreground,backgroundl 
text("OJR ARROO-aove, RETURN-i!nter, ESC-quit"l; 

/1 comaand line text I/ 

f/ 
I/ 

f/ 



FEED.C Developemental Version 3.40 

_setext (2, 1, 0, 0l; 
_110vtcurabs(300,0,950,0l; 
_settextclr(4,0l; 

Page 4 

text(• 58.ECT COMPG\ENTS "l; /t title of oage 1/ 

/1 listing of all ti.enty eo11ponents in database 1/ 

_settextclr(11,0l; 
_movtcurabs(200,0, 800.0l; 
text (tx(ll l; 
_1110vtcurabs(200,0, 750,0l; 
text (tx (2] J; 
_rovtcurabs(200.0, 700,0J; 
text(tx(3ll; 
_1110vtcurabs(200,0, 650.0J; 
text(tx(4ll; 
_1110vtcurabs (200. O, 600. OJ; 
text (tx[5l J; 
_1110vtcurabs(200,0, 550,0J; 
text (tx [6] J; 
_aovtcurabs(200.0, 500.0l; 
text(txC7JJ; 
_aovtcurabs (200, O, 450. OJ; 
text <tx (8] l; 
_110vtcurabs<200.0, 400.0l; 
text(tx(9Jl; 
_aovtcurabs(200,0, 350.0l; 
text(tx(l0ll; 
_ 110vt cur abs ( 600. O, 800. 0 l ; 
text (tx(11ll; 
_1110vtcurabs (600. O, 750. 01; 
text (tx(12l l; 
_1110vtcurabs(600.0, 700.01; 
text (tx C13l l; 
_aovtcurabs (600, O, 650. 01; 
text(tx[14ll; 
_110vtcurabs(600.0, 600.0l; 
text(tx(15ll; 
_aovtcurabs(600.0, 550,0l; 
text (tx [16] l; 
_aovtcurabs(600.0, 500.0l; 
text (txC17ll; 
_aovtcurabs<600. O, 450. Ol; 
text <tx[18l l; 
_10vtcurabs(600. O, 400. Ol; 
text (tx(19ll; 
_110vtcurabs(600,0, 350,0l; 
text (tx [20] l; 

/1 redraN first e011ponent in Nhite 1/ 

_110vtcurabs(200.0,800.0l; 
_settextclr(16,0J; 
text (tx [ll l; 
old_nllll = 1; 
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noecho!l; /1 stops keyboard input echo on 10nochroae (curses) t/ 

while !11 
{ 

int chr; /f control varible t/ 

chr = _get ch () ; 

if (chr = 27) 
break; 

/t if ESC key 1/ 

if (chr = 333) 
{ 

/f if cursor arrON right 1/ 

} 

if (old_nUII {= 10) 
{ 

} 

if (eo11pnts(old_nual = ll 
hue = 1; 

else 
hue= 11; 

_110vtcurabs(200.0, 850.0-0ld_nUllf50,0l; 
_settextclr(hue,0l; 
text(txCold_nuall; 

old_nu■ = old_nua + 10; 
_roovtcurabs(600.0, 850-lold_nua-10)150,0l; 
_settextclr(16,0l; 
textltx(old_nuall; 

if (chr = 3311 
{ 

/1 if cursor arroN left 

} 

if lold_nllll) 10) 
{ 

} 

if (co■ pnts[old_nual = 1) 
hue= 1; 

else 
hue = 11; 

_10vtcurabs(600.0, 850,0-(old_nua-10)150,0); 
_settextclr(hue,Ol; 
text(tx(old_nual>; 

old_nua = old_nua - 10; 
_1110vtcurabsC200,0, 850.0 - old_nuat50.0l; 
_settextclr(16,0I; 
text<tx(old_n1111ll; 

if (chr = 328) 
{ 

/1 if cursor arroN up 

if ((old_nWI 1= 1) '' (old_nllll != 11)) 
{ 

f/ 

f/ 
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} 

if (eo11pnts[old_nual = ll 
hue= 1; 

else 
hue= 11; 

if (old_nUII < 11) 
_110vtcurabs(200.0,850.0-0ld_nUllf50.0l; 

else 
_movtcurabs(600.0,850.0-(old_nua-10l•50.0l; 

_settextclr(hue,Ol; 
text(tx[old_nu■Jl; 

old_nllll = old_nllll - 1; 
if (old_nWI ( 11) 

_1110vtcurabs(200.0,850.0-0ld_nllltf50.0l; 
else 

_110vtcurabs(600.0,850.0-(old_nu■-10l•SO.Ol; 

_settextclr(16,0l; 
text(tx[old_nllllll; 

if (chr = 336) 
{ 

/f if cursor arroN dOtffl f/ 

} 

if ((old_nUII != 10) && (old_nUII != 20)) 
{ 

} 

if (c011pnts[old_nU11l = 1) 

hue= 1; 
else 

hue = 11; 

if (old_nllll ( 11) 
_110vtcurabs(200.0,850.0-0ld_nllllf50.0l; 

else 
_110vtcurabs(600.0,850.0-(old_nwi-10l•SO.Ol; 

_settextclr(hue,Ol; 
text(tx[old_nllllll; 

old_nllll = old_nllll + 1; 
if (old_nllll ( 11) 

_10vtcurabs(200.0,850.0-0ld_nllltf50.0l; 
else 

_IIOvtcurabs(600.0,850.0-!old_nwi-10l•SO.Ol; 
_settextclr<16,0l; 
text(tx[old_nu■Jl; 

if (chr = 13) 
{ 

/f if RrnlRN key f/ 

/f toggle coapnts[] to specify as chosen or unchosen t/ 

if (eo11pnts[old_n1.111l = 0) 
eo11pnts Cold_nual = 1; 

else 
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} 

/I 

} 

} 

echo(); 

coapnts[old_nuaJ = 0; 

if (coapnts[old_nuaJ = ll 
hue = 1; 

else 
hue= 11; 

if (old_nUII < 11) 
_!WOvtcurabs(200,0,850,0-0ld_nuat50.0I; 

else 
_10vtcurabs(600,0,850.0-(old_nllll""10lt50,0l; 

_settextclr(hue,0l; 
text(tx[old_nu■Jl; 

/1 return keyboard input echo on 110nochrOE (curses) 1/ 

This is an "intelligent• getch(l ccaand that adds 256 to the ASCII 
codes of control characters 

f/ 

_getch 0 
{ 

} 

/I 

int chr = getch(l; 

if (chr != 0l 
return(chrl; 

chr = getch(l; 
return(256+chrl; 

The split() routine allows specification of pri ■ary split and 
percent of key coaponents in distillate. A preli■inary guess 
is 11c1de at the split of non-key C011ponents. 

I/ 

split 0 
{ 

int i, J, 
eo11pnu■sC21l, 

old_nU11, nUICOIIP, 
starteo11, 
first, second; 

/1 counting variables 1/ 
/I array of coaponent nWlbers 1/ 
/1 tracking variables 1/ 
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int place; 

float var 1, 
tcury, 
per; 

/+ location on screen 

/+ generic variable 
/+ text cursory value 

/+ pe~nt of coap in distillate f/ 

char laabda(12]; /+ duay character variable 

_setcolor<Ol; 
clrO; 

diagraa!0.0,0.0,200.0,1000.01 13,0,0, 11; 

f/ 

f/ 

f/ 

f/ 

/+ (xlow,ylow,xhigh,yhigh,color,trays,truefeed,diafeedl +/ 

_setext(2,1,0,1l; /+ (height 1Nidth,path,IIOdel +/ 

_inittcur(l,1,0l; /+ (height, Nidth, color> +/ 
_1110vtcurabs(10.0, 10.0l; 
_settextclr(012l; /+ (foreground,backgroundl +/ 
text<" CUR ARRCMS - 110ve, RETURN - enter "l; 

_setext<2,1 10,0l; 
_1110vtcurabs(300,0,950.0l; 
_settextclr(410l; 
text("INDICATE PRl~RY SPLIT">; 

_settextclr(l110l; 

r,u11::011p = 0; 
for (i=1;i<=20;++il /+ display chosen eo11ponents on screen +/ 
{ 

if (eo11pnts[i] l 
{ 

++nUMCOllpj 

COllpPIUIIS [nuacoap] = i j 
_aovtcurabs(250.0, 800.0-(nuacoap • 50.0ll; 
text <tx Cil l; 

} 

} 

IIWI_COllp = nuacoapj 

noecho(l; 

place= 1; 
while (1l 
{ 

int chr; I• control variable f/ 

_setcolor<16l; 

/1 draws split cursor on screen localion "place" f/ 

varl = (place• 50.0l; 
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_10vabs(240, O, 850. 0- var1l; 
_lnabs(200.0, 850.0- var1l; 
_lnabs(200.0, 750.0- var1l; 
_lnabs(240,0, 750.0- var1l; 
_1110vabst210.o, aso.o- varll; 
_lnabs(210.0, 750.0- varll; 

Page 9 

chr = _get ch O; 

if (chr = 336) 

{ 

I• down cursor arrow 

if (place ( (nuacoap - lll 
++place; 

} 

if (chr = 328) 
{ 

} 

if (place ) 11 
-place; 

I• up cursor arrow •I 

if (chr = 13) 
{ 

I• RETURN key 

} 

l_key = COllpnWIS(placel; 
h_key = COllpnUIIS[(place + 1)]; 

break; 
} 

I• undraw split cursor at old location "place• •I 

_setcolor!Ol; 
_rnovabs(240,0, 850.0- varll; 
_lnabs(200,01 850,0- var1l; 
_lnabs(200.01 750.0- varll; 
_lnabs(240.01 750.0- varll; 
_1110vabs(210.0, 850.0- var1l; 
_lnabs(210.01 750.0- varll; 

echo(); 

eo11pnts(l_keyl = 2; 
eo11pnts(h_keyl = 3; 

,. highlight key COllponents ¼/ 

_settextclr<l,Ol; 

_Movtcurabs(250.0, 800.0 - (place• SO.Oil; 
text(tx(eo11pnuas(placelll; 
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_110vtcurabs(2SO. O, 800. 0 - (place + 1l 1 50, Ol; 
text(tx(eo11pnU11S((place + ll]Jl; 

/1 undraw old e<aand line and title t/ 

_setext(2,1,0,ll; 
_JIIOvtcurabs(lO.O, 10,0l; 
_settextclr(O,Ol; 
text(" CUR ARRCMS - 10ve, 

_setext<2,1,0,0l; 
_10vtcurabs(300.0,950.0l; 
_settextclr(O,Ol; 

/t (height,width,path,IIOdel 

/t (foreground,backgroundl 
RETURN - enter "l; 

text("INDICATE PRIMARY SPLIT"!; 

/1 draw new ccaand line and title •I 

_setext(2,1,0,0l; 
_110vtcurabs(2S0,0,950,0l; 
_settextclr(410l; 
text I "ENTER PERCENT (F ~POENT• l ; 
_10vtcurabs(~.o, 900.0l; 
text<"IN DISTILLATE"!; 

_set ext (2, 1, O, ll; 
_10vtcurabs(lO.O, 10.0l; 
_settextclr(0,2l; 
text(" Type in nU11bers, 

/t (height,width,path,IIOdel 

/t (foreground,backgroundl 
RETURN - enter "l; 

tcury = 800.0 - place• 50.0; 

/t input percent of light key in distillate t/ 

_settextclr(16,0l; 
strng (700. O, tcury, laabda, 1, 101; 
sscanf(laabda, "1f", &perl; 

dist[l_key] = feed[l_keyl t per/ 100.0; 

tcury = 800.0 - (place+ ll • 50.0; 

/1 input percent of heavy key in distillate 1/ 

strng(700.0, tcury, laabda, 1, 10); 
sscanf(laabda, "1f", &perl; 

dist[h_keyl = feed[h_keyl t per/100.0; 

_inittcur<l,1,0l; 

f/ 

f/ 

f/ 

f/ 
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} 

/f 

/1 11ake prt!li ■inary estiaates of non-key co■ponent splits 1/ 

for !i=l;i<l_key;++il 
{ 

dist(i] = feed(i]; 
} 

for !i=l;i<=20;++il 
{ 

bottril = feed(il - distCil; 
} 

/1 let total flow rates equal zero elellel"lts of arrays 1/ 

for !i=l;i<=20;++il 
{ 

dist(Ol = dist(Ol + distCil; 
} 

for (i=l;i<=20;++il 
{ 

bottCOJ = bottCO] + bottCil; 
} 

The next tNO routines allow keyboard inout to be displayed on 
the color screen, Original code by A. SkJellUII, 

f/ 

strng!tcurx,tcury,string,i■in,iaaxl /1 sets text cursor position 1/ 

double tcurx,tcury; /1 then goes to _strng() 1/ 

char tstring; 
int i■in, i■ax; 
{ 

} 

_setcolor(O); 
_inittcur<2,4,11l; 
_setext<2,1,0,0I; 
_settextclr(7,0I; 
_IIOVtcurabs(tcurx,tcury>; 
return(_strng(string,i■in,iaaxll; 

_strng(string,i1in,i■axl /1 displays text on color screen and 1/ 

char tstring; /1 allows backspacing during input 1/ 

int i11in,i11ax; 
{ 

float o_curx,o_cury; 
float curx,cury; 
float delta; 
int dflag = O; 
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int y, x; 
int i = O; 
int done= 0; 

inqtcur(&o_curx,&o_curyl; 
curx = o_curx; 
c:ury = o_cury; 
delta= 0.0; 

"1ile( 'done) 
{ 

int chr; 
chr = getch(l; I• get a character •I 
St1itch (chrl 
{ 

} 

case '\b': I* backspace *I 
case 0x07f: 

if(il I• decM!Ent count •I 
{ 

} 

i-; 
o_curx = curx; 
curx -= delti; 
_110vtcurabs(curx,curyl; 
text(" "l; 
_raovtcurabs(curx,curyl; 

break; 

case '\n': 
case '\r': 

I• RETURN or carriage feed 

• if(i >= i ■inl done= 1; 
break; 

default: I• text to be displayed •I 
if(i < i■axl 
{ 

} 

char str[2l; 
if(chr < 32) break; 
string[i++l = chr; 
str[Ol = chr; 
strClJ = '\01 ; 

text (strl; 
o_curx = curx; 
o_cury = cury; 
inqtcur<&curx,&curyl; 
if(dflag = 0l 
{ 

} 

delta= curx - o_curx; 
dflag = 1; 

break; 

} I• end while(!donel •t 

*I 
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} 

string(i] = 1 \01 ; /1 eos 1/ 

return(il; 

Page 13 
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linclude (11c1th.h) 
tinclude (extern.h> 

ldefine R ! . 987 /t [=] cal/(g110l+Kl • I 

/f 

P bub= SUM ( gaaa I z I p_sat l 

P dew= SUM < gaaa • p_sat / z l 
f/ 

/1 sets 'superheat' and 'subcool' flags+/ 

theniO 
{ 

float 

/f teaperature selected+/ 

invp_dew, p_sat, del_bar, gaaaa, varl, var2, var31 teaoK; 

int i; 

varl = 0.0; 
var2 = o.o; 
var3 = 0.0; 

superheat = O; 
subcool = O; 

p_bubble = p_dew = invp_dett = 0.0; 

for (i = 1; i <= 20; ++i) 
{ 

if (feed[i]) 
{ 

} 

} 

varl = feed[i]/feed(O] 1 database(i][2]; 
var2 = var2 + varl • database(i][l]; 
var3 = var3 + varl; 

del_bar = var2 / var3; 

for (i = 1; i <= 20; ++i) 
{ 

if (feed(il> 
{ 

tl!llpl( = 273.15 + ( ( teapF -32. O> +5. 0/9. 0) ; 
varl = (database[il[2]/(RtteapKll; 
var2 = (database(il[ll - del_barl; 
var3 = var2 • var2; 
Qiai = exp(varl • var3); 

varl = database[il[4l/!teapf + databise[il[5ll; 
var2 = database(il[3l - var1; 
p_sat = database[il[Ol • exp(var2>; I• [=l psia f/ 

p_bubble = p_bubble + !ga.a•feed[il+p_sat/feed[O]); 
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invp_dE!N = invp_dE!N + (feed(i]/(feed(0J1gaaa1p_satll; 
} 

} 

p_dE!N = 1.0 / invp_dew; 

superheat= 0; 
subcool = 0; 

if (fpress ( p_det1l 
superheat = 1 ; 

if !fpress > p_bubblel 
subcool = 1; 

/11 ... HIIIIIIIIIIIIIIII 

if ( ( superheat l : : ( subcoo ll l 
{ 

ro1press O ; /1 notify if ro1pressor used f/ 
} 

fflllllllllllllllllffff/ 

} 

preheat() 
{ 

char te11pstr(100]; 

_setcolor(0l; 
clrO; /1 clears screen to black I/ 

diagraa!o.o,o.0,200.0,1000.0,s,o,o,1>; 
/1 (xlON,ylON1 xhigh,yhigh,color,trays,truefeed,diafeedl t/ 

_setext(2,1,011l; /1 (height,Midth,path,IIOdel 1/ 

_inittcur(2141 11l; /1 (height, Midth, color) 1/ 

_110vtcurabs(10,0, 10,0); 
_settextclr<0,2l; /1 (foreground, background) 1/ 
text(• to continue, hit the 'REllJRN' key ">; 

_setext(2,1,010l; 
_110vtcurabs(325,0, 950.0>; 
_settextclr(4,0l; 
text <"FEED PRE-+EATER t£EDED•>; 

_setext(2,1,0,0>; 
_settextclr(11,0l; 

_R10vtcurabs(200,0,700,0l; 
text("To allON the use of ..ater as the">; 
_1110vtcurabs(200.0,650.0l; 
text("coolant in the condenser, the •1; 
_1110vtcurabs!200.0,600.0l; 
text("feed ■ust enter the colwm at a"l; 
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_movtcurabs(200.0,550.0l; 
text(" ■ini ■WI tet1perature of 130 dg F."l; 
_1110vtcurabs(200,014SO.0l; 

} 

text<"A feed pre-heater ■ust be added"); 
_1110vtcurabs!200.01400.0l; 
text("to increase the te■perature .•>; 
_1110vtcurabs!200,0,300.0l; 
text !"FEED CDNDITICW AFTER PRE-tEATER"l i 
_movtcurabs!200,012SO.0l; 
text("Te■perature C=l deg F"l; 
_inovtcurabs(800,0,2SO.0l; 
text("130.00"l; 
_1110vtcurabs(200.01200.0l; 
text!"Pressure [=l psia"l; 
_movtcurabs(B00.0,200,0l; 
sprintf(te■ pstr, "J.2g", fpressl; 
text (teapstr); 

te111pF = 130. O; 

"'1ile(ll 
{ 

} 

int chr =_getch(l; 

if (chr = 13) 
break; 

/ t I RETURN' key 

char ft«lrds[l = 
{ 

>; 

"UL", 
•~PRESSOR ~•, 
• EX~R~• 

C011press t > 
{ 

char tl!llpstr[100l; 

_setcolor<O>; 
clrO; /t clears screen to black 

diagraato.0,0.0,200.0,1000.0,5,0,0,1>; 

t/ 

t/ 

/t (xlON,ylow1 xhigh,yhigh,color,trays,truefeed1diafeed) 1/ 

_setext <2, 11 0, 1l; 
_inittcur(2141 11>; 
_■ovtcurabstl0,O, 10,0l; 

/1 (height 1width,path,110de) 
/f (height, width, color) 

_settextclr<0,2>; /1 (foreground, background> 
text(" to continue, hit the 'RETURN' key ">; 

_setext<2,1,0,0l; 

f/ 

f/ 

f/ 
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_10vtcurabs(37S.O, 950.0l; 
_setteKtclr(4,0l; 

/fffffff 

if (superheat) 
{ 

} 

teKt (words[l]l; 

_seteKt(2,1,0,0l; 
_setteKtclr(11,0l; 

_110vtcurabs(200.0, 750.0l; 
teKt("At the specified tet1perature and"l; 
_110vtcurabs(200,0, 700.0l; 
teKt("pressure, the feed is belOM its ">; 
_110vtcurabs(200,0,650.0l; 
teKt < "dew point pressure. • l; 
_lll0vtcurabs(200.0,SOO,Ol; 
teKt("A COllpressor Mill be added to "l; 
_110vtcurabs(200.01450.0l; 
teKt("raise the pressure of the feed."l; 
_aovtcurabs(200.01350.0l; 
teKt("CONDITIIJIS !l='TER COMPRESSOR"); 
_aovtcurabs(200.0,300.0l; 
text("Tet1perature [=l deg F"l; 
_110vtcurabs(800.01300.0l; 
sprintf(tet1pstr, »i.2g•, teapFl; 
text <tet1pstr); 
_1110vtcurabs(200,0,250.0l; 
teKt("Pressure [=J psia"l; 
_movtcurabs(B00.0,250.0l; 
sprintf(teapstr, •i.2g•, p_dewl; 
teKt (te11pstrl; 

fpress = p_dett; 

if (subcooll 
{ 

teKt (words[2ll; 

_setext (2, 1, O, Ol; 
_setteKtclr(11,0l; 

_10vtcurabs(200.0, 750.0l; 
text< "At the specified teaperature and" l ; 
_10vtcurabs(200.0,700.0l; 
text("pressure, the feed is above its "l; 
_movtcurabs(200.0,650.0l; 
text<"bubble point pressure."!; 
_110vtcurabs(200.0,500.0l; 
teKt < »An expander Mil 1 be added to • >; 
_10vtcurabs(200.0,450.0l; 
text("lo..er the pressure of the feed."l; 
_110vtcurabs(200.0,350.0l; 
teKt("CONDITIIJIS !l='TER EXPANDER"!; 
_110vtcurabs(200.0,300.0l; 
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text("Te11perature (=] deg F•J; 
_110vtcurabs(800.0,300.0l; 
sprintf(te11pstr, "%.2g•, tellpfl; 
text ( te11pstr I ; 
_110vtcurabs(200.0,2SO.Ol; 
text<"Pressure (=l psia•>; 
_110vtcurabs(800.0,2SO.Ol; 
sprintf(te11pstr, "%.2g", p_bubblel; 
text (te11pstrl; 

fpress = p_bubble; 

} 

fffffffff/ 

} 

if (e011pressl 
{ 

} 

text (NOrds(l] l; 

_setextl2,1,0,0l; 
_settextclr(ll,Ol; 

_10vtcurabs(200.0, 7SO.Ol; 
text<•The specified feed pressure is •1; 
_10vtcurabs(200,01700.0l; 
text<•belON the pressure calculated•); 
_110vtcurabs(200.01650,0l; 
text ( "for coluan operation. •i; 
_110vtcurabs(200.0,500.0l; 
text ( "A e011pressor i.i 11 be added to • l; 
_110vtcurabs(200.0,4SO,Ol; 
text("raise the pressure of the feed.•); 
_10vtcurabs(200.01 3SO.Ol; 
text("CTIIDITIOO ~R aJIPRESSOR"l; 
_110vtcurabs(200,01300.0); 
text("Te11perature C=l deg F"l; 
_1110vtcurabs(800,0,300.0l; 
sprintf(te11pstr, "%.2g", te11pFl; 
text (te11pstr); 
_oovtcurabs(200.0,2SO.Ol; 
text<•Pressure C=l psia•>; 
_110vtcurabs(800.01 2SO.Ol; 
sprintf(te11pstr, "%.2g•, fpressl; 
text (teapstrl; 

l'ilile(l l 
{ 

} 

int chr =_getchll; 

if (chr = 13) 
break; 

/ 1 ' RETURN' key 
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/f 

P bub= SUJI! ( gaaaa + z + p_sat ) 
t/ 

boiler 0 
{ 

float o_sat, del_bar, gaaa, var!, var2, var3, temoK; 

float _tempF, tiaes; 

int i, past; 

past= O; 

times= 1.0; 

varl = 0.0; 
var2 = 0.0; 
var3 = 0.0; 

?_boiler= p_colwm + 2.5; 

_te1pF = teapf; 

do 
{ 

for (i = 1; i <= 20; ++i) 
{ 

if (bott(ill 
{ 

} 

} 

varl = bott(i]/bott(O] * database[i](2J; 
var2 = var2 + varl I database(i](l]; 
var3 = var3 + varl; 

del_bar = var2 / var3; 

p_bubble = 0.0; 

for (i = 1; i <= 20; ++i) 
{ 

if (bott(i]) 
{ 

tet1pl< = 273.15 + (( _te11pf -32.0)tS,0/9.0l; 
varl = (database(i][2]/(R+te1pl<ll; 
var2 = (database(i](l] - del_barl; 
var3 = var2 1 var2; 
gaaa = exp<var1 • var3l; 

varl = database[i][4]/(_te11pf+oatabase[i][5Jl; 
var2 = database(i](3J - varl; 
p_sat = database[i][O] 1 exp(var2); /1 psi 1/ 
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} 

p_bubble=p_bubble+(gamatbott[iJto_sa.t/bott[OJl; 

} 

} 

if (p_bubble (= p_boilerl 
{ 

} 

if ( 1 oastl 
_tempF = _te11oF + 50.0; 

if (past) 
{ 

tiaes = tiaes + 1.0; 
_tempF = _tempF + 50.0/(timesl; 

} 

if (p_bubble} p_boiler} 
{ 

} 

times= tilleS + 1.0; 
_te11pF = _te11pF - 50.0/(tiaesl; 
past = 1; 

} Nhile (fabs(p_bubble - p_boilerl ) 1.0l; 

t_boiler = _te11pF; 
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/ 111111111111111 HHffffff¼ffHfffffffffffHffffffHHHffffff·HffffHHffff 

This file contains the routine: 

results2 0 

In this routine, the results of the SEPTEC si ■ulation orograa 
are displayed on both the color and monochrome screens. 

l(JTE: ;his routine /IUST be linked with tne "halo" file because 
psuedo-halo comands are used. 

HHHfHfHfffHHfffffHHHfffHHHHH 1111111111 Hfffffffffffffffffffff / 

#include (extern.h} 

results20 
{ 

char te11ostr(100]; 

/1 nllllber of actual trays 1/ 

int enough, 
toggle, 
trays, 
truefeed, 
i, J j 

/1 optiaal feed stage location t/ 

/1 counting variables 1/ 

float varl, var2, var3; /f generic variables 

trays= N_actual - 1.0; 
truefeed = N_strip; 
varl = 0.25 + 0,5/trays/2.0 + 0,5/trayst(truefeed-ll; 

toggle = 1; 
enough = O; 

do 
{ 

if (toggle) 
{ 

_setcolor(O); 
clrO; 

diagraa(0.0,0.0,200.0,1000,0,1,trays,truefeed,Ol; 

f/ 

/1 (xlON,ylow,xhigh,yhigh,color,trays,truefeed,diafeed) t/ 

_setext(2, 1,0,0l; 
_settextc!r(410l; 
_movtcurabs(200,0, 950.0l; 
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text("DISTrLLATE ~ BOTT[)IS PRODUCTS"); 
_novtcurabs(37S.0,900.0l; 
text("(=] lOl!Oles / hr"l.; 

_settextclr(ll,Ol; 
_movtcurabs(600.0,800.0l; 
text("Distill"l; 

_~ovtcurabs(825.0,800.0l; 
text("BottOIIS"l; 

J = O; 
f,)r (i=l;i(=20;++il 
{ 

} 

if (feed(i)) 
{ 

} 

++Jj 

_movtcurabs 1200. O, 750. 0-!J•SO. Ol l; 
text !tx[il l; 

_reovtcurabs (625. O, ~.,o. 0-(J•SO. Ol l; 
if (dist Ci] ( 0. OOll 
text 1 ·o. ooo• l; 

else 
{ 

} 

sprintf!te11pstr, "%.3g", dist[ill; 
text (te11pstrl; 

_ill0vtcurabs(825.0, 750.0-lJ•SO.Oll; 
if (bott Ci] ( 0. OOll 
text ( ·o. ooo· ) ; 

else 
{ 

} 

sprintf(te111pstr, "%.3g", bottCiJl; 
text (tempstrl; 

J += 2; 
_IIOVtcurabs(200. O, 750. 0-(Jt50. Ol l; 
text( 1 Te11perature"l; 
_ 110vtcurabs < 625. O, 750. 0- ( J •SO. 0 l l ; 
text! "120.0 F"l; 
_movtcurabs!825.0, 750.0-(JtSO.Ol l; 
sprintf(te11pstr, "%.lg F", t_boilerl; 
text (tet1pstrl; 

++Jj 
_filOvtcurabs (200. O, 750. 0-(JtSO, Oll; 
text!"Pressure C=l psi"l; 
_:110vtcurabs(625. O, 750. 0-(JtSO. Oil; 
sprintf(teapstr, "%.lg",p_condl; 
text (te11pstrl; 
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_oovtcurabs(825.0, 7S0.0-(Jt50.0ll; 
sprintf(te11pstr, "%.lg",p_boilerl; 
text (tempstrl; 

_setext(2,1,0,1l; 
_inittcur(2,4,11l; 
_rnovtcurabsll0.0, 10.0l; 
_settextclr(0,2l; 
text(" RETURN for Coluan data : ESC when done "l; 

if I' toggle) 
{ 

_setcolor(Ol; 
clrO; 

diagra11(0.0,0.0,200.0,1000.0,6,trays,truefeed,0l; 
/f (xlow,ylow,xhigh,yhigh,color,trays,truefeed,diafeedl f/ 

_setext (2, 1, 0, 0l; 
_settextclr(4,0l; 
_movtcurabs(2"'..i0.0, 950.0l; 
text I •ax.~ OPERATING C!JlDITIONS" l; 

_set ext <2, 1, 0, 1 l ; 
_inittcur<2,4,11l; 
_~ovtcurabs(10.0, 10.0l; 
_settextclr(0,21; 
text ( • qrn,JRN for Streaa data : ESC when done • l ; 

_settextclr(11,0l; 
_movtcurabs(200.0,850.0l; 
text("Theoretical Stages"); 
_movtcurabs(250.0,800.0l; 
text<"~inimua"l; 
_movtcurabsl7S0.0,800.0l; 
sprintf(teapstr,"%.3g",N_■inl; 

text (tet1pstrl; 
_■ovtcurabs(250.0, 750.0l; 
text ("Actual"); 
_110vtcurabs(7SO.0, 750.0l; 
sprintf(tempstr,"%.3g",N_actuall; 
text (te11pstrl; 

_movtcurabs(200.0,67S.0l; 
textl"Reflux Ratio"); 
_movtcurabs(250.0,625.0l; 
textl"Minimua"l; 
_movtcurabs(7S0.0,625.0l; 
sprintfltet1pstr,"%.3g",R_■inl; 

text (te11pstrl; 
_1110vtcurabs(250.0,57S.0l; 
~ext ("Actual "l; 
_1110vtcurabs(7S0,0,57S.0l; 
sprintf(tempstr,"%.3g",R_actuall; 
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text (temostr); 

_1!10vtcurabs(200.0,500.0l; 
text("0otimal Feed Stage"); 
_110vtcurabs(750.0,500.0l; 
sprintf(tenipstr, "%d",truefeedl; 
text (te11pstrl; 

_movtcurabs(200.0,425.0l; 
text("Condenser Type"); 
_movtcurabs(250.0,375.0l; 
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text ("Bubble .Point Product Total"); 
_movtcurabs(250.0,300.0l; 
text("Tet1perature"l; 
_movtcurabs(750.0,300.0l; 
text("120,0 F"l; 
_movtcurabs(250,0,250.0l; 
text("Pressure [=J psi"l; 
_movtcurabs(750.0,250.0l; 
sprintf(te11pstr,"%.lg 1 ,p_condl; 
text ( te11pstr l ; 

_1110vtcurabs(200,0, 175.0l; 
text("~eboiler Conditions">; 
_1110vtcurabs(250.0, 125,0l; 
text("Teaperature"l; 
_1110vtcurabs(750.0, 125.0l; 
sprintf(te111pstr, "%.lg F",t_boilerl; 
text (tempstr); 
_rnovtcurabs(250.0, 75.0l; 
text("Pressure [=J psi"l; 
_movtcurabs(750.0, 75.0); 
sprintf(teapstr,"%.lg",p_boiler); 
text (tempstr); 

while (1) 

{ 

} 

int chr = _getch(l; 

if (chr = 13) /f RETURN key t/ 
{ 

} 

if (toggle) 
toggle= O; 

else 
toggle = 1; 

break; 

if (chr = 27) 
{ 

/1 ESC key 

} 

enough= 1; 
break; 

I/ 
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} 

} Mhi le (!enough); 

print f ( • 11111111111111 HHH-fffHHHffffHHHHHffHffHH \ n" ) ; 
printf("f 1\n"); 
::irir1tf("1 Results froa 1\n"l; 
printf("f 1\n"l; 
;irintf("t SEPTEDf t\n"l; 
printf( 1 1 1\n"l; 
orintf("f 1\n"l; 
printf("f 
printf ( •1 

orintf("f 
orintf ("1 

printf("f 

a co■outer simulation of a 
1ulti-c0111ponent distillation colUJIYl 

by Russell L. Natter 

t\n"l; 
1\n"l; 
1\n"l; 
1\n"l; 
t\n"l; 

printf("1 original code written 12/11/84 1\n"l; 
printf("f 1\n"l; 
printf("lllllllllllllllllffffffffffffffllllllllllHllllllllll\n"); 

printf("\n\n"l; 

printf(" --- OPERATI~ CONDITIONS --\n\n"l; 
printf("\tOperating Pressure : %.2g psia\n",p_coluanl; 
;irintf("\t~inia1111 Theoretical Stages %.3g\n",N_■inl; 

printf ( "\tMini■UII Reflux Ratio %. 3g\n", R_■inl; 
printf( 1 \tActual Theoretical Stages %.3g\n",N_actuall; 
printf("\tActual Reflux Ratio %,3g\n",R_actuall; 
printf("\tCpti ■al Feed Stage %d\n",truefeedl; 
printf("\n"l; 
Jriritf( 1 CCNDENSER\n"l; 
printf("\tBubble Point Product Total Condenser\n"l; 
orintf( 1 \tTemperature 120.0 F (Water Cooledl\n"l; 
orintf("\tPressure %.lg psia\n",p_condl; 
oriritf(" REBOILER\n 1 l; 
printf("\tTe11oerature 
printf("\tPressure 
:irintf("\n"l; 

%.lg F\n",t_boilerl; 
%.lg psia\n",p_boilerl; 

orintf( 1
- DISTilliTE ~ BOTTOMS STREAf6 [=] 

printf("\t\t\tDistill\t\tBott011S\n\n"l; 

for (i=1;i<=20;++il /1 table of out flows 1/ 
{ 

if ((distCiJl :: (bottci))l 
{ 

lbllole/hr --\n\n"l; 

printf<txCi] l; 
printf("\t\t%.3g\t\t%.3g\n",dist[i],oottCiJl; 

} 

} 

printf( 1 \nTet1perature"l; 
printf("\t\tl20.0\t\t%.lg\n",t_boilerl; 
printf( 1 Pressure1 l; 
printf("\t\t%.2g\t\t%.2g\n",p_cond,p_boilerl; 
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tdefine DIAX1 90.0 
#define DIAY1 225.0 
tdefine DIAX2 610.0 
#define DIAY2 97S.O 

tdefine com 660.0 
#define COO! 0.0 
tdefine COIX2 1000.0 
tdefine C002 1000.0 

tdefine tOIENXl 0.0 
#define t«JRIENY1 0.5 
tdefine ~2 0.66 
#define t()RIENY2 1. 0 

tdefine TXTX 200.0 
#define TITLEX 100.0 
tdefine TITLEY 950.0 
#define STITLEY 900.0 
tdefine TXTlY 810.0 
#define STXTlY 770.0 
tdefine TXT2Y 710.0 
#define STXT2Y 670.0 
tdefine TXT3Y 610.0 
#define STXT3Y 570.0 
tdefine TXT4Y 510.0 
#define STXT4Y 470.0 
tdefine TXTSY 410.0 
#define srxm 370.0 
tdefine TXT6Y 310.0 
#define STXT6Y 270.0 
tdefine TXTTY 210.0 
#define STXTTY 170.0 
tdefine TXTSY 110.0 
#define STXTSY 70.0 

tdefire TRI1Y 820.0 
tdefine STIUlY 790.0 
tdefine VTRilY 760.0 
#define TRI2Y 720.0 
tdefine STRI2Y 690.0 
#define VTRI2Y 660.0 
tdefine TRI3Y 620.0 
#define STRI3Y 590.0 
tdefine VTRI3Y 560.0 
#define TRI4Y 520.0 
tdefine STRI4Y 490,0 
tdefine VTRI4Y 460.0 
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tdefine TRISY 420.0 
tdefine STRISY 390.0 
ldefine VTRISY 360.0 
tdefine TRI6Y 320.0 
#define STRI6Y 290,0 
tdefine VTRI6Y 260.0 
#define TRI7Y 220.0 
tdefine STRI7Y 190,0 
tdefine VTRI7Y 160.0 
tdefine TRISY 120,0 
#define STRISY 90.0 
tdefine VTRISY 60.0 

tdefine RISHT_BT ( (bt = 1l 11 (bt = 12:911 11 

tdefine LEFT_BT ((bt = 21 11 (bt = 13011 11 

ldefine BOTH_BT ((bt = 31 11 (bt = 131> I 11 

tdefine a..10< l(lbt>=12:91 && lbt(=13111 

tdefine RECTIFY 1 
tdefine STRIP 2 
ldefine SIN61.E 3 
tdefine 68EIR 4 

#define RVCl.ATILE 1 
tdefine USERS~C 2 
tdefine TIERNJDATA 3 

int eqltype, probtype, ratiodef, nostages; 
int points, operpts; 

float rratio, opslope, x_dist; 
float q, alpha, x_bott, x_feed, opl(3l[t0J; 

II 
11 

float nordiaxl, nordiay11 nordiax2, nordiay2, 
norcoaxl, norcoayl, norcoo2, norcoay2; 

double x, y, eql(3](30l; 

(lbt>=t> && (btl=3l>I 

int rectcalcO, strngO, AinaenuO, T'll!tf_probO, T'll!tf_eqlO; 
int curr_val(I, copline(I, lll!l'lubox(l 1 i_input(l, 110rk(l; 
int _getchO, sleepO, altl!l"_condO; 

float 110UY_slopeO, aouse_xo, equil_xo, equil_yO; 
float feedconcl(l, key_x(l, diax(l, diay(l, invdiax(l, invdiiy(l, f_input<>; 
float oper_x(l, oper_y(I, psinterx(l 1 trial<>; 

float gpts(3l C12l; 
int genpoints; 
int 110use_in_use, optiAl, feedtriy, top_to_bott, bott_to_top, grid; 
float ofx, ofy; 
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al.OR.H 

AllONS use of color naaes rather than code nuabers lilhile 
prograaaing. This version for 

~ !IIOde 4) 

f/ 

tdefine Bl.ACK 0 
#define Bl.LE 1 
tdefine 6REEN 2 
#define CYAN 3 
tdefine RED 4 
tdefine MA6ENTA 5 
tdefine A; 5 
tdefine BROlt 6 
tdefine lfHTE 7 
tdefine 6RAY 8 
tdefine SREY 8 
#define L_ILlE 9 
tdefine L_SREEN 10 
tdefine L_CYAN 11 
tdefine L_RED 12 
tdefine L_MAGENTA 13 
tdef i ne YELLIJI 14 
#define HIJIHTE 15 
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This file contains the foll0111ing procedures: 

oper _ll 0 
oper _y() 

11c1inO 
aairaenuO 
init_opO 
opaenu(l 
rectsecO 
rectcalcO 
stripsec() 
stripcalc!l 
110use_slopeO 
IOU5e_ll () 

equil_x 0 
equil_yO 
ask_for _110useO 

f/ 

tinclude (tnath.h) 
linclude (color.h) 
tinclude (stdio.h) 
linclude <ac.h) 

'lliinO 
{ 

int option; 

ask_for_10use<>; 
_initgraphics(~l; 
init_opO; 
init_eqlO j 
noracoor( l j 

do 
{ 

_setvil!llp()l"t(O.O, o.o, 1.0, 1.0, -1, ~>; 
_setNOrld(O.O, 0.0, 1000.0, 1000.0l; 
draw_dia(); 
draN_eqlO; 
draw_clnsNl!rOj 

sleep<>; 

option= aairaenu<>; 

SNitch !option> 
{ 

case 1: 
eqh1enu(); 
break; 

/t: EquilibriWI Linet:/ 
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} 

case 2: 
ol)llenuO; 
break; 

case 3: 
prt11enu(); 
break; 

case 4: 
init_eqlO; 
init_opO; 
break; 

case 5: 
option= 0; 
break; 

} while !option!; 

closegraphics!l; 
} 

ask_for _IOUseO 
{ 

int let_1e_out = 01 

chr, getch (); 

Page 2 

/1 Operating Line 1/ 

/f File & Print Control 1/ 

/1 Clear All Entries f/ 

I* Quit Prograa f/ 

printfl"\n\n\tAre you using a fllCl.lSE for a pointing device? !y/nl:"l; 
lilile l!let_ae_outl 
{ 

} 

} 

switch !chr = getc:h O l 
{ 

case 'y': 
case 'Y': 

10use_in_use = 1; 
let_ae_out = 1; 
_setlocator!3, 11; 
break; 

case 'n': 
case 'N': 

110use_in_use = O; 
let_ae_out = 1; 
break; 

default: 
break; 

} 

int aairaenuO 
{ 

int option; 

_setviewport <tllRIENXl, t«lRIENYl, t«l!IENX2, t«JRtlENY2, BREEN, SREY); 
_setNOrld!0,0, 0,0, 1000.0, 1000.0l; 

_setext(l,1,0,ll; 
_settextclr(lfilTE, RED!; 
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attext(lOO,0, STITLEY, • MAIN OJ "J; 
_settextclr(YEL.L~, SREYJ; 
attext(TXTX, TXT!Y, "EQIJILIBRil.JI LINE"J; 
attext(TXTX, TXT2Y, "0PERATitE LINE"J; 
attext(TXTX, TXT3Y, "FILE & PRINT ctNTROL"J; 
attext!TXTX, TXT4Y1 "CLEAR U ENTRIES"); 
attext(TXTX, TXTSY, 'TERMINATE"); 
deltcurO; 

option= aenubox(51 BUl:I<, ~Al; 

return(opt ionl; 

init_opO 
{ 

} 

optiaal = 1; 
feedtray = O; 
q = 0. O; 

nostages = O; 
probtype = 0; 
opslope = -1,0; 
x_l:>ott = -1,0; 
x_feed = -1.0; 
x_dist = -1.0; 
rratio = -1, O; 

opaenu(J 
{ 

int option; 

do 
{ 

_setviewport(norcoaxt, norcoayl, norcoax2, norcoll)'2, BREEN, SREY); 
_setNOrld(0.01 0.01 1000,01 1000.0J; 

_setext(1,1,0,1l; 
_settextclr<IIUTE, RED>; 
attext(TITLEX, TITLEY, • 0PERATitE 'J; 
attext(TITLEX, STITLEY, • 0PTIIJE •J; 
_settextclr(YEl.UII, SREY); 
attext(TXTX, TXTlY, 'RECTIFYING">; 
attext(TXTX, STXTlY, 'SECTI~•J; 
attext<TXTX, TXT2Y1 "STRIPPING•); 
attext(TXTX, STXT2Y, 'SECTI~•J; 
attext(TXTX, TXT3Y, 'SINSLE•J; 
attext(TXTX, STXT3Y1 'FEED ca.•J; 
attextlTXTX, TXT4Y, 'NO D-11W&•>; 
deltcurO; 

option = aenubox 141 BUCK, MASENTAl; 

SMi tch (opt ionl 
{ 
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case 1: /f Rectifying Section t/ 

if ((probtype = RECTIFY) : : (!probtypell 
rectsecO; 

else 
if <rorl(" INITl/:l.IZE VARIABLES •, 

• AND START NEW PROBL.EM? •, 
"NEW PROBliM", • RETURN" l l 

{ 

init_opO; 
rectsecO; 

} 

break; 
case 2: /f Stripping Section 

if ((probtype = STRIP> :: (!probtypell 
stripsecO; 

else 
if (rorl(" INITl/:l.IZE VARIIULES 

{ 

• AND START NEW PROBL.EM? •, 
"NEW PROBliM", "RETURN")) 

init_opO; 
stripsecO; 

} 

break; 
case 3: /f Single Feed Colu.n 

if ((probtype = SIN6LE) : : (!probtypell 
sing lecol () ; 

else 
if (rorl(" INITI~IZE VARIABLES 

{ 

• AND START t£W PROBL.EM? •, 
"NEW PROBt..91", "RETURN"» 

init_opO; 
singlecolO; 

} 

break; 
case 4: /f No Change t/ 

} 

option = O; 
break; 

} lilile (option>; 

• 
' 

f/ 

• 
' 

stripsec!l 
{ 

char laabda(20l; 
int option, 

cond _option, 
values; 

probtype = STRIP; 

do 
{ 

_setviewport (norcoul, nor'COll)'l, norc011x2, norcOIIY2, GREEN, GREY>; 
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_set1«>rld(0.0, 0.0, 1000.0, 1000.0l; 

_setext(l,1 101 11; 
_settextclr!liiITE, Bl.1£1; 
attext(TITLEX, TITLEY, • SPECIFIED "l; 
attextCTITLEX, STITLEY, • Vil.LES 1 1; 
_settextclrCYELLOil, GREY); 
attext(TXTX, TRI1Y, "BOTTIJIS"l; 
attext(TXTX, STRllY, 1 C!JIPOSIT'N1 l; 
attext(TXTX, TRI2Y, 1 FEED1 l; 
attext(TXTX, STRI2Y, "C!JIPOSIT'N"l; 
attext(TXTX, TRI3Y1 

1 0PERATIN6 1 l; 
attext!TXTX, STRI3Y, "SI..OPE"l; 
attext(TXTX, TRI4Y, "tf.JIIIBER CF"l; 
attext(TXTX, STRI4Y1 "STAGES"); 
_settextclr(GREEN, GREY!; 
attext(TXTX, TXT5Y, 1 BE6IN"l; 
attext(TXTX, STXT5Y, "Ol.CllAT'N"l; 
attext (TXTX, TXT6Y, "·OREE"); 
attext(TXTX, STXT6Y, "CTJIDITIOhS"l; 
attext!TXTX, TXm, "RETURN•>; 

attext(SO.0, TXT8Y, "IIJST SPECIFY"!; 
attext(160.0, STXTSY, •THREE Vil.LES•); 
deltcur(); 

if (x_bott != -1.0l 
{ 

} 

else 
{ 

_settextclr(liilTE, SREY>; 
sprintf(laabda, • i.3g", x_bottl; 
attext(TXTX, VTRI1Y, laabdal; 
_settextclr!L_Bl.1£1 SREY!; 
attext(0.0, TXT1Y, •1•1; 

_settextclr!liiITE, SREY!; 
attext(TXTX, VTRl1Y, " __ "l; 

} 

if (x_feed != -1.0l 
{ 

} 

else 
{ 

_settextclr!liiITE, SREY); 
sprintf(laabda, • i.Jg•, x_feedl; 
attext<TXTX, VTRI2Y, laabdal; 
_settextclr<L_BLLE, SREY!; 
attext<0.0, TXT2Y, "t"l; 

_settextclr(liiITE, SREY>; 
attext(TXTX, VTRI2Y, • __ •>; 

if (opslope ~= -1.0l 
{ 

_settextclr<liiITE, SREY!; 
sprintf(laabda, • i,3g•, opslopel; 
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} 

else 
{ 

attext(TXTX, VTRI3Y, laabdal; 
_settextclr(L_Bll£, GREY!; 
attext (0. 0, TXT3Y, •1• l; 

_settextclrllfiITE, SREY>; 
attext!TXTX, VTRI3Y, • __ "!; 

} 

if (nostages != 0l 
{ 

} 

else 
{ 

_settextclrllfiITE, SREY>; 
sprintf(laabda, • %d", nostagesl; 
attext(TXTX, VTRI4Y, laabdal; 
_settextclr(L_Bll£, SREY>; 
attext(0.0, TXT4Y, "t"l; 

_settextclr(lfiITE, SREY!; 
attext ITXTX, VTRI4Y, " __ • l; 

} 

deltcurO; 

option= Enubox(71 BUO<, IIRiENTAl; 

switch (opt ion! 
{ 

case 1: /1 Bottoas Collp. 1/ 
if (x_bott != -1.0l 
{ 

} 

sprintf(laabda, •i.3g", x_bottl; 
option= curr_val(laabdal; 

if (option = 2l 
{ 

} 

x_bott = -1. 0; 
break; 

if (option= 31 
break; 

if (110rkOl 
x_bott = 10use_x<l; 

else 
x_bott = key_x("l«l.E FRACTI~ IF LIGHT", 

"aJIICHNT IN BOTTIJE"l; 
break; 

case 2: 
if (x_feed != -1.0l 
{ 

/I Feed Coap. 

sprintf(laabda, •i.3g•, x_feedl; 
option= curr_val(laabdal; 

if (option = 2l 
{ 

I/ 
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} 

} 

x_feed = -1. 0; 
break; 

if (option = 3) 
break; 

if (1110rk O l 
x_feed = 110use_x!l; 

else 
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x_feed = key_x( "l'll..E FRACTION CF LISHT", 
"ct)IP!JENT IN FEED" l i 

x_dist = x_feed; 
break; 

case 3: /f Operating Slope f/ 

if (opslope != -1.0l 
{ 

} 

sprintf<laabda, •i. Jg•, opslope}; 
option= curr_val(laabda}; 

if (option = 2) 
{ 

} 

opslope = -1.0; 
break; 

if (option= 3l 
break; 

if (110rkOl 
opslope = 11011se_slope<>; 

else 
opslope = key_x!"Sl.0~ CF 0PERATINi Lit£", 

"LIQUID/ VAPOR RATES"l; 
break; 

case 4: /f Nuaber of Stages 
if (nostages != 0) 
{ 

} 

sprintf<laabd~ •~•, nostagesl; 
option= curr_val(laabdal; 

if (option= 2) 
{ 

} 

nostages = 0; 
break; 

if (option = 3) 
break; 

oostages = key _x ( "tt.NIER CF TIEORETICR.. •, 
•EGUILIBRIIM STAGES•); 

break; 

f/ 

case 5: 
stripcalcO; 
break; 

/f Begin Calculations •I 

case 6: 
draw_cond!1}; /f draM in ••mu• color schE!III! f/ 
cond_option = alter_cond<>; 
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if (cond_opt ion = l l /1 optisal feed tray 
{ 

eraess(6, 
'TIE FEED TRAY", 
• LOCATION FOR', 
• A STRIPPI~ •, 
H CQUMN IS . 

' • IMPLICITLY •, 
DEFINED. . ) ; 

} 

if (cond_option = 21 /1 feed condition 
{ 

q = feedcond () ; 
} 

if (cond_option = 31 /1 equilibriWI 
{ 

eqlaenuO; 
} 

t/ 

f/ 

f/ 

draw_cond(Ol; /1 draw in display color scheae 1/ 
break; 

case 7: /1 No Change 1/ 

option = O; 
break; 

} 

} while (option>; 

} 

int stripcalcO 
{ 

float cur_x, cur_y, ■x, l)'i 
int specified, solvfor, bt; 

specified = O; 

if (x_bott = -1.0l 
solvfor = 1; 

else 
specified++; 

if (x_feed = -1.0l 
solvfor = 2; 

else 
specified++; 

if (opslope = -1.0) 
solvfor = 3; 

else 
specified++; 

if !nostages = OJ 
solvfor = 4; 

else 
specified++; 

if (!eqltypel 
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ermess<5, 
AN", 

• EOOILIBRilJ!", 
II LINE l'!UST • ' 

FIRST BE", 
" SPECIFIED. "l; 

return(O); 

□age 9 

if (specified (= 21 
{ 

/f under specified problett 1/ 

} 

ermess(5, 
"ALTEAST THREE", 

OF THE", 
• VARIABLES", 
• MUST BE", 
• SPECIFIED."!; 

return(Ol i 

if (specified>= 41 
{ 

/1 over specified problet1 

} 

ertieSs(5, 
• ATLEAST CJ£", 

OF TI£", 
• VARIAa.ES", 

MUST BE", 
• LtJSPECIFIED."); 

return(Ol; 

if ((x_bott >= x_feedl && (x_feed != -1.0ll 
{ 

} 

ermess(7, 
• CO"POSITI~•, 
"OF THE LISHT", 
"C()IPOENT IN", 
"FEED !lllST BE", 
"SREATER ~•, 
• ~T IF TIE", 

BOTTIJIS. • l ; 
return(Ol i 

if (nostages < 0) 
{ 

} 

ermess(5, 
• A r£6ATIVE", 
• NUMBER IF", 
• ST AGES 1-ilS •, 
II BEEN", 
• SPECIFIED."!; 

return(Ol i 

if ((opslope (= 1.01 && (opslope '= -1.0)l 

f/ 
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erESs(5, 
• THE 51..0PE OF", 
"THE OPERATING", 
• L! tE llllST BE", 
• GREATER THAN", 

ONE."); 
return(O); 
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_setviewport(O.O, 0.0, 0.66, 1.0, -1, BLACK!; 
_setworld(O.O, 0.0, 660.0, 1000.0l; 
draw_dia (); 
draw_eql (); 

operpts = 2; 

/1 Solving for the NU.1ber of Trays in a Strioping Coluan 1/ 
if (solvfor == 4) 
{ 

char laabda(20J; 
int t ■p, stagetrk; 

if (!copline(l)) 
{ 

eraess( 4, 
"TIE SPECIFIED", 
• svsm rs·, 
• PHYSiauv■, 

• I:i!POSSIBLE"l; 
return(Ol; 

} 

cur_x = opl(1J(2l; 
cur_y = opl(2J[2J; 
_setcolor(WHITE>; 
_movabs(diax(cur_x>, diay(cur _yll; /1 Feed Location+/ 

stagetrk = O; 
lihile (cur_x > x_bottl 
{ 

} 

cur_x = equil_x(cur_yl; 
_lnabs(diaxlcur_xl, diay(cur_yll; 
cur_y = oper _y(cur_xl; 
_lnabs(diax(cur_xl, diay(cur_yll; 
stagetrk++; 

nostages = stagetrk; /1 The AnSNer 1/ 

sprintf(laabda, "%d STAGES', stagetrkl; 

_setviewport (norcoaxl, norco.yl, norcoax2, n6rco.y2, GREEN, SREY}; 
_setworld(O.O, 0.0, 1000.0, 1000,0l; 

_setext(2,1,0, ll; 
_settextclr(lliITE, REDl; 
attext(lt-0,0, 850.0, • TI£ ~R •>; 
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_ set ext ( 1, 1, 0, 1) ; 
_settextclr(YEL.LOW, GREYJ; 
attext(210.0, 700.0, "FOR THE"l; 
attext(210.0, 650.0, "DESIRED"!; 
attext(70.0, 600.0, "SE~RATION,"l; 
attext(l-40.0, 500.0, laabdal; 
attext(70.0, 450.0, "ARE NEEDED,"); 

_settextclr(l_6REEN, GREYJ; 
attext(160.0, 250.0, "Q.ICK ANY•); 
attext(l0,0, 200.0, "BUTTON ON THE"l; 
attext(160.0, 150.0, "llll.lSE TO"l; 
attext(160.0, 100.0, •~TINUE."l; 
oeltcurO; 

sleep(); 

return(!); 

I• Solve for the BottOIIS Co■position 1/ 
if (solvfor = 1) 

{ 

int i; 
float cur_x, cur_y, overshot, upper, lower; 

upper = x_feed; 
lo.er= 0.0; 

do 
{ 

x_bott = ( (upper - loterl /2) + l01Er; 

if (coplinel2ll 
{ 

overshot= trial(>; 
if (overshot > 0.0) 

upper= x_bott; 
if (overshot ( 0.0} 

lower= x_bott; 
if (overshot= 0.0l 

break; 
} 

else 
{ 

l01Er = x_bott; 
overshot = 1. 0; 

} 

++i; 
if (i = 25) 
{ 

ertieSs( 4, 
"THE SPECIFIED", 
• SYSTEM IS", 
• PHYSICIU.v ■, 
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" Il'IPOSSIBLE" l ; 
x_bott = -1.0; 
return!O); 

} 

} lflile (fabs(overshotl > 0.001); 

draw_ansNerO; 
return ( 1); 

/t Solve for Feed Collpositior, t/ 
if (solvfor = 2) 
{ 

int i; 
• float overshot, upper, lONer; 

upper= 1.0; 
lONel" = x_bott; 
i = O; 
do 
{ 

x_feed = ((upper - lONer}/2) + lONer; 
i++; 

if (copline(2ll 
{ 

overshot= trial(); 
if (overshot ) 0.0l 

lONer = x_feed; 
if (overshot < 0.0l 

upper= x_feed; 
if (overshot= 0.0l 

break; 
} 

else 
{ 

upper= x_feed; 
overshot = 1. 0; 

} . 

if (i = 25) 

{ 

} 

eniess( 4, 
"TIE SPECIFIED", 
• SYSTEM IS" I 
• PHYSial.LY" I 
I IMPOSSHl.E" l ; 

x_feed = -1.0; 
return(0l; 

} lflile (fabs(overshotl > 0.OOll; 

draw_ansNerO; 
return(1); 
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/f Solve for Operating Line Slope 1/ 

} 

if (solvfor = 3) 
{ 

} 

int i; 
float overshot, upper, lower; 

upper= 3.0; 
lower= 1.0; 

do 
{ 

ooslope = ( (upper - lower) /2) 

if (copline(2l l 
{ 

overshot= trial(); 
if (overshot > 0.0) 

lONer = opslope; 
if (overshot ( 0.0) 

upper= opslooe; 
if (overshot= 0.0) 

break; 
} 

else 
{ 

upper= opslope; 
overshot = 1. 0; 

} 

if (+ti = 25) 

{ 

eriaess( 4, 
"THE SPECIFIED" I 
• SYSTEJII IS", 
" PHYSIOU.Y", 
• I,tPOSSIILE" l i 

ops lope = -1 . 0; 
return(0); 

} 

} lilile (fabsCovershotl > 0. 0011; 

drai._ansNerO; 
return(!); 

rectsecO 
{ 

char laabda[20l; 
int option, 

cond _option, 
values; 

;irobtype = RECTIFY; 

+ lOIIIE!r; 
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{ 
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_setviewport (norco11xl, norcomyl, norc011x2, norcomy2, GREEN, GR£Y) i 
_setNOrld(0.0, 0.0, 1000,0, 1000.0l; 

_setext(l,1,0,1); 
_settextclr!WHITE, Bll.El; 
attext(TITLEX, TITLEY, • SPECIFIED "l; 
attext!TITLEX, STITLEY, • VAt.UES "l; 
_settextclr(YELLIJW, GREY!; 
attext!TXTX, TRI1Y, "DISTILLATE"!; 
attext(TXTX, STRI1Y, "CTJIIIPOSIT'N"l; 
attext(TXTX, TRI2Y, "FEED"); 
attext<TXTX, STRI2Y, "DJ!POSIT'N"l; 
attext(TXTX, TRI3Y, "OPERATING"); 

• attext(TXTX, STRI3Y, 1 SL0PE"l; 
attext(TXTX, TRI4Y1 "NUMBER OF•); 
attext!TXTX, STRI4Y, 'STAGES"); 
_settextclr!SREEN, GREY>; 
attext(TXTX, TXT5Y, "BESIN"l; 
attext(TXTX, STXT5Y, "CAI..Cll.AT'N"l; 
attext(TXTX, TXT6Y, "DR&:">; 
attext(TXTX, STXT6Y, "CIJIDITI[)IS"l; 
attext(TXTX, TXTTY, "RETURN"); 

attext!SO,0, TXTSY, "i'UST SPECIFY"); 
attext!160.0, STXTSY, "THREE V$l.l.ES"l; 
deltcurO; 
if (x_dist 1= -1,0) 
{ 

} 

else 
{ 

_settextclr(llnITE, GREY); 
sprintf(laabda, • %,3g", x_distl; 
attext(TXTX, VTRilY, lc111bdal; 
_settextclr(L_Bll£, SREY>; 
attext(0.0, TXTlY, •••>; 

_settextclr(lfiITE, GREY>; 
attext(TXTX, VTRI1Y, • __ "I; 

} 

if (x_feed != -1,0l 
{ 

} 

else 
{ 

_settextclr(lfiITE, GREY!; 
sprintf(lc111bda, • %.3g", x_feedl; 
at text <TXTX, VTRI2Y, lc111bdal; 
_settextclr(L_Bll.E, SREY); 
attext (0,01 TXT2Y, •••>; 

_settextclr(lfiITE, SREY>; 
attext ITXTX, VTRI2Y, • __ "l; 

} 

if (opslope != -1,01 
{ 
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} 

else 
{ 

_settextclr(WHITE, GREYl; 
sprintf(laabda, • %.3g", opslopel; 
attext(TXTX, VTRI3Y, lc111bdal; 
_settextclr(L_BlUE, SREY>; 
attext(0,0, TXT3Y, "t"l; 

_settextclr(WHITE, GREY>; 
attext!TXTX, VTRI3Y, • __ "l; 

} 

if (nostages != 0l 
{ 

} 

else 
{ 

_settextclr(lfiITE, SREYl; 
sprintf!laabda, • %d", nostagesl; 
attext(TXTX, VTRI4Y, lc111bdal; 
_settextclr(L_Bll.E, SREY); 
attext(0.O, TXT4Y, "t"l; 

_settextclr(lfiITE, GREY>; 
attext !TXTX, VTRI4Y, • __ "l; 

} 

deltcur(); 

option= Enubox(7, BUO<, MGENTAl; 

switch (option) 
{ 

case 1: /1 Distillate Coa!), 1/ 
if (x_dist != -1.0l 
{ 

} 

spri ntf (1 aabda, "%. 3g •, x _di st l ; 
option= curr_val(lc111bdal; 

if (option = 2l 
{ 

} 

x_dist = -1. O; 
break; 

if (option = 3) 
break; 

if (IOl"kOl 
x_dist = aouse_x O; 

else 
x_dist = key_x("lllll.E F~TION Cf' LIGHT", 

"COMPODT IN DISTILLATE">; 
break; 

case 2: /'t Feed Collp. • 1/ 
if (x_feed != -1.01 
{ 

sorintf(lc111bda, "1.3g", x_feedl; 
option= curr_val(laabdal; 
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} 

if (option = 2) 

{ 

} 

x_feed = -LO; 
break; 

if (option = 3) 
break; 

if (110rk O l 
x_feed = aouse_x(l; 

else 
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x_feed = key_x("nf FRACTION IF LIGHT", 
"COfllPONENT IN Fml"l; 

x_bott = x_feed; 
break; 

~ase 3: /1 Operating Slope 1/ 
if (opslope != -1.Ol 
{ 

} 

sprintf(laabda, "%.3g", opslopel; 
option= curr_val(laabdal; 

if (option = 2) 

{ 

opslope = -1. O; 
break; 

} 

if (option = 3l 
break; 

if (1110rkO l 
opslope = mouse_slope(l; 

e!se 
ops lope = key _x ( "SLOPE IF OPERATit-E LINE", 

"LIOOID I VAPOR RATES" l ; 
break; 

case 4: /1 NU11ber of Stages 1/ 
if (nostages != Ol 
{ 

} 

sprintf(laabda, "%<1 1
1 nostagesl; 

option= curr_val(laabdal; 

if (option = 2) 
{ 

} 

nostages = O; 
break; 

if (option= 3) 
break; 

nostages = key_x("MJIIIBER IF n£ORETI~•, 
"EOOILIBRIIJIII STAGES"); 

break; 
case 5: 

rectcalc(l; 
break; 

case 6: 

/1 Begin Calculations t/ 
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draw_cond!ll; /1 draw in "menu• color scheMe 1/ 
col'ld_option = alter_col'ld!l; 
if !cond_option = ll /1 optimal feed tray •I 
{ 

} 

ersess!6, 
"Tl£ FEED TRAY", 
• LOCATION FOR" I 
I A RE:CT!F'YING" I 
II COLU1'1N IS • I 
• IIIIPUCITLY •, 

DEFINED. "l; 

if (cond_option = 2) 
{ 

/1 feed condition 1/ 

q = feedcond O ; 
} 

if (cond_option = 3) 
{ 

eqlaenu (); 
} 

/1 equilibriua f/ 

draw_cond(0l; /t draw in display color scheE 1/ 

break; 
case 7: /1 No Oiange f/ 

} 

option = 0; 
break; 

} Mhile (option>; 

int rectcalcO 
{ 

float cur_x, cur_y, ■x, ■y; 

int specified, solvfor, bt; 

if <x_dist = -1.0l 
solvfor = 1; 

else 
specified++; 

if (x_feed = -1.0l 
solvfor = 2; 

else 
specified++; 

if !opslope = -1.0l 
solvfor = 3; 

else 
specified++; 

if !nostages = 0l 
solvfor = 4; 

else 
specified++; 

if (!eqltypel 
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ertieSs(S, 
AN", 

• EQUILIBRII.JI• I 
• LINE ftJST I I 

FIRST BE", 
II SPECIFIED. II) i 

return(0l; 
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if (specified <= 2l 
{ 

/t under specified problet1 t/ 

} 

ermess(S, 
"Al TEAST THREE", 

OF THE", 
• VARIABLES" I 
• !WIUST BE•, 
• SPECIFIED,"l; 

return(0l; 

if (specified>= 4l 
{ 

/1 over soecified problet1 

} 

eraess(S, 
I ATLEAST [}£" I 

• (F TI-E·' 
I VARIABLES" I 

i'IUST BE" I 
I !.NSPECIFIED. 1

); 

return(0l; 

if ((K_dist (= K_feedl && (K_dist != -1.0ll 
{ 

} 

ertieSs(7, 
I COMPOSITI[)I" I 
"OF TI£ uoo·, 
"C()IPOfENT IN", 
"FEED l'llST ~· I 
I LESS niW", 
• ~T IF Tl£", 
I DISTILLATE."); 

return(0l; 

if (nostages ( 0l 
{ 

} 

erroess<S, 
• A tESATIVE", 
• NtJIIBER IF I I 

I ST~~-, 
• BEEN", 
• SPECIFIED.">; 

return(Ol; 

f/ 
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if (opslope >= 1.0l 
{ 

} 

ertieSs(S, 
• THE SLOPE er' 
"THE OPERATHE', 
• LIi£ 111..JST BE', 
• LESS THAN' I 

M.'l; 
return (0); 

_setvie111oort!0.0, 0.0, 0.66, 1.0, -1, BIJ1Cl<l; 
_setNOrld(0,0, 0,0, 660,0, 1000.0lj 
draw_diaO j 
craw_eql O; 

o;ierpts = 2; 

/1 Solving for the NU11ber of Trays in a Rectifying Coluan 1/ 

if (solvfor = 4) 
{ 

char laabda(20l; 
int stagetrkj 

if ( ! copline( 1ll 
{ 

ermess( 4, 
'Tl-£ SPECIFIED•, 
I SYSTEM IS' I 
I PHYS I CALL y•' 
I Il'IPOSSI!U') i 

return<0l; 
} 

cur_x = opl(ll(ll; 
cur_y = opl[2)[1lj 
_setcolor(WHITE); 
_~ovabs(diax(cur_x>, diay(cur_yll; /1 Feed Location t/ 

stagetrk = 0; 
Nhile (cur_x ( x_distl 
{ 

} 

cur_y = equil_y(cur_xl; 
_lnabs(diax(cur_x>, diay(cur_yll; 
cur_x = oper_x(cur_yl; 
_lnabs(diax(cur_xl, diay(cur_yll; 
stagetrk++; 

nostages = stagetrk; /t The AnSN1!r t/ 

sprintf(laabda, 1 %<! STAGES•, stagetrk); 

_setvil!lllport (norcoul, norcoayl, norcoax2, norcoay2, GREEN, GREY); 
_setworld(0,0, 0.0, 1000.0, 1000.0l; 

_setext<2,1,0,ll; 
_settextclr!lliITE, RED>; 
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attext(4-0,01 850,0, • THE ANSWER "l; 
_setext (1, 1, 0, 1l; 
_settextclr(YELLOW, GREYl; 
attext(210.0, 700.0, "FOR Tl-E"l; 
attext!210.0, 650.0, "DESIRED"l; 
attext(70.0, 600,0, "SEPARATION,"); 
attext(14-0.0, 500.0, laabdal; 
attext(70.0, 450.0, "ARE 1£EDED. ">; 

_settextclr(L_GREEN, SREY>; 
attext!160.0, 250.0, "Q.ICK ANY">; 
attext 110. 0, 200. 01 "BUTTON ON Tl-£8

); 

attext(160,0, 150.0, "i'KX.ISE TO">; 
attext(160.0, 100.0, "CONTI~.•); 
deltcurO; 

sleep(); 

return(ll; 

/t Solve for the Distillate Coaposition t/ 

if !solvfor = 11 
{ 

int i; 
float cur_x, cur_y, overshot, upper, lONer; 

upper = 1. 0; 
IONE!!"= x_feed; 

do 
{ 

x_dist = (!upper - lONerl/21 + lOMer; 

if (copline(2l) 
{ 

overshot= trial(l; 
if (overshot ) 0.0l 

lONer = x_dist; 
if !overshot < 0.0) 

upper = x_dist; 
if (overshot= 0,0) 

break; 
} 

else 
{ 

upper= x_dist; 
overshot= 1.0; 

} 

++i j 
if (i = 25) 

{ 

eniess( ~, 

"TI£ SPECIFIED" I 
• svsTEM rs·, 
• PHYSICUY", 
• !MPOSSilli"l; 
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} 

x_dist = -1.0; 
return(0l; 
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> lilhile !fabs(overshotl > 0.001); 

draw_ansNerO; 
return(ll; 

I• Solve for Feed Coaposition *I 
if (solvfor = 21 
{ 

} 

int i; 
float overshot, upper, lower; 

upper= x_dist; 
lower= 0.0; 
i = O; 
do 
{ 

x_feed = ((upper - lowerl/2) + lower; 
i++; 
if (copline(2l > 
{ 

overshot= trial(); 
if (overshot> 0.0) 

upper = X _ feed j 
if (overshot < 0,0l 

lower = x_feed; 
if (overshot = 0. 01 • 

break; 
} 

else 
{ 

upper= x_feed; 
overshot = 1. 0; 

} 

if (i = 25) 

{ 

} 

l!T'ESS( 41 

"TI£ SPECIFIED" I 
• SYSTEM IS" I 
• PHYSIC$U.Y", 
I Ill!POSSI!l.£"); 

)(_feed= -1.0; 
return(0l; 

} Nhile lfabslovershotl > 0.001>; 

draw_answer(); 
return(ll; 

I* Solve for Operating Line Slope •I 
if (solvfor = 3) 
{ 



} 

} 
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int i; 
float overshot, upper, l01Er; 

upper= 1.0; 
!OtEr = 0.0; 

do 
{ 

opslope = ( (upper - lONerl /2) + l01Er; 

if (copline(2ll 
{ 

overshot= trial(); 
if (overshot ) O.Ol 

upper= opslope; 
if (overshot < O.Ol 

l0111er = opslope; 
if (overshot= O,Ol 

break; 
} 

else 
{ 

} 

lONer = opslope; 
overshot = 1, 0; 

if (++i = 25) 
{ 

} 

eraess< 4, 
"TI£ SPECIFIED" I 
• SYSTEM IS" I 
" PHYSIOU.Y", 
I Il'IPOSSilti") ; 

opslope = -1. O; 
return(Ol; 

} Mhile (fabs(overshotl > 0,0011; 

drai._answrO; 
return(l); 

float IOIISl!_slope(l 
{ 

char laabda[8l; 
float ■x, ■y, slope; 
int bt; 

_setvie..port (0, O, O. 01 0. 66, 1, O, -1, BUO<l; 
_seti«>rld(O,O, 0,0, 660,0, 1000,0l; 
dra.._dia O; 
drai._eqlO; 

ftinit ll; 
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_ ft size U, 10); 
_setcolor(ltllTEl; 
_ ftcolor (ltl!TE, BLACIO; 
_AIOVabs(diax(0.0l, diay(0,0ll; 
_orglocator(diax(0. 7), diay(0.3ll; 
do 
{ 

readlocator<&tix, &tiy, &btl; 
if (bt l= 128> 
{ 

if ((mx >= diax(0,0ll && (ay )= diay(0.0lll 
{ 

} 

} 

if (invdiax(■xl = 0.0) 
slope= 0.0; 

else 
slope= invdiay(ay) / invdiax(Mxl; 

_rlnabs( ■x, ayl; 
sprintf(lilllbda, "J10.3f", slope); 
_ftlocate<20, 15l; 
ftext Cla.■bdal ; 

} lilile (!Q.ICKJ; 

return(slopel; 
} 

float ■ouse_x 0 
{ 

c!lar la.■bda(SJ; 

float ■x, IIYi 
int bt; 

_setviewport (0,0, 0,0, 0.66, 1.0, -1, BUO<l; 
_setNOrld(0,0, 0.0, 660.0, 1000,0l; 
draN_diaO; 
draN_eqlO; 

ftinitO; 
_ftsizeU, 10); 
_setcolor<ltlITEl; 
_ftcolor(ltlITE, Bl.ACK); 
_orglocator(diax(0.5>, diay<O.Sll; 
do 
{ 

readlocator<&tix, &tiy, lbtl; 
if (bt >= 128) 
{ 

if <<■x <= diax(l.0ll && (o >= diax<0.0lll 
{ 

_■ovabs(n, diay<0.0ll; 
_rlnabs(o, diay(l,0ll; 
sprintf<la.■bda, "J,3f•, invdiax<■xll; 

_ftlocate<20, 20>; 
ftext Cla.■bdal ; 
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} 

} 

} lilile ! !Ct.Ia<>; 

return(invdiax(■xll; 
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float oper _y(x) 
double x; 
{ 

} 

int i; 
double 
double 
float 

lON_x, high_x; 
lON_y1 high_y; 
y; 

if (probtype = STRIP) 
x_dist = x_feed; 

if <probtype = RECTIFY> 
x_bott = opl(ll(tl; 

if ( (x ( x_bott) : : (x ) x_distl I 
{ 

} 

y = moat> <xl; 
return!y); 

if ((x ( 0,0) : : (x) 1,0)) 
{ 

} 

printf("\n\n\tIN\Xl.ID AR6lE)£NT IN OPER_Y\n\n"I; 
exit 11); 

for Ii= 1; i <= operpts; i++l 
{ 

} 

lON_x = opl[ll[il; 
high_x = opl[ll[i+ll; 

if ((lON_X <= x) "(high_x )= x)) 
{ • 

} 

lON_y = opl[2J[il; 
high_y = opl[2J[i+1J; 

y = (float) (lON_y + ((x-lON_xl/(high_x-lON_x))t(high_y-lON_yll; 

if (probtype = STRIP) 
x_dist = -1. 0; 

if (probtype = RECTIFY> 
x_bott = -1.0; 

return(yl; 
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float oper _x (yl 
double y; 
{ 

} 

int i; 
double low_x, high_x; 
double low_y, high_y; 
float x; 

if !!y < opH2H1Jl : : !y > opH2Hoperpts])) 
{ 

} 

X = !float) (y) j 

returnM; 

if I (y ( o. 0) : : (y > 1. 0)) 
{ 

} 

printf("\n\n\tlNVll.ID AR6l£)£NT IN OPER_X\n\n"l; 
exit(ll; 

for (i = 1; i <= operpts; i++) 
{ 

low_y = opl[2J[il; 
high_y = opl[2J[i+1J; 

if ((low_y <= yl &l (high_y >= yll 
{ 

} 

} 

low_x = opl[1J[il; 
high_x = opl[1J[i+1J; 
break; 

x = !float)(low_x + ((y-la._y)/(high_y-low_yll•<high_x-low_xll; 

return(xl; 

I• linNr interpolation of equilibriua line: *1 

float equil_y(x) 
double x; 
{ 

int i; 
double 

·double 
float 

low_x, high_x; 
low_y, high_y; 
y; 

if ((x < 0.0) : : (x > 1.0)) 
{ 

} 

printf("\n\n\tINVA..ID AR6lEJIENT IN EOOIL_Y\n\n"l; 
exitUl; 

for Ii= O; i <= points; i++l 
{ 



} 

} 
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low_x = eql[ll[il; 
high_x = eql[ll[i+ll; 
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if ((low_x <= xl && (high_x >= xll 
{ 

} 

low_y = eql[2l[il; 
high_y = eql[2lCi+ll; 
break; 

y = (floatl(low_y + ((x-low_xl/(high_x-low_xllt(high_y-low_yll; 

return<yl; 

float equil_x <yl 
double Yi 
{ 

} 

int i; 
double low_x, high_x; 
double low_y, high_y; 
float x; 

if ((y < 0.0) : : (y > 1.0)) 
{ 

} 

printf(•\n\n\tINVll.ID AR6l£)£NT IN EIIJIL_X\n\n"l; 
exit!ll; 

for (i = 0; i <= points; i++l 
{ 

low_y = eqlC2lCil; 
high_y = eql[2lCi+ll; 

if ((low_y <= yl && (high_y >= yll 
{ 

} 

} 

low_x = eqlCllCil; 
high_x = eqlCllCi+ll; 
break; 

x = (float) (low_x + ((y-low_yl/(high_y-low_yllt(high_x-low_xl>; 

return(xl; 
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This file contains the foll0111ing procedures: 

I/ 

init_eql 0 
eqlllll!nu 0 
user _sup() 
oo_availO 
getrvol(l 
'l'E!lvolO 
draw_eql () 
prtllll!nu ( l 
ermess() 
;,s i nterx 0 
feedcond() 
1110rl(() 
rorl 0 
key_xO 
noracoor<> 

savediaO 
retrieve() 
ctl_charO 
strng 0 
_strngO 
sleep 0 

lir.c!ude (aath.h) 
#include (color.hl 
4frc!i.ide <stdio.hl 
#include (IIICl!xt.hl 

init_eql 0 
{ 

} 

eqltype = 0; 
eql [1J [OJ = -1. O; 
alpha = -1.0; 

eqhienuO 
{ 

int option; 

do 
{ 

_setviewport (norcoaxl, norcoayl, norcoax2, norcoay2, GREEN, GREY); 
_set1110rld(0.0, 0,0, 1000,0, 1000.0l; 

_setext(l,1,0,ll; 
_settextclr(lfiITE, RED!; 
attext(lOO,0, TITLEY, • EOOILIBRILM "l; 
attext(lOO,0, STITLEY, "DEFINITI~ "l; 
_settextclr!YELLCM, GREY>; 
attext(TXTX, TXTlY, "RELATI~"l; 
attext(TXTX, STXTlY, "VCl.ATILITY"l; 
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attext(TXTX, TXT2Y, "USER">; 
attext(TXTX, STXT2Y, "SPECIFIED"!; 
attext(TXTX, TXT3Y, "TIERMO"l; 
attext(TXTX, STXT3Y, "DATABASE">; 
attext(TXTX, TXT4Y, "tfl CHAN6E"l; 
oeltcurO; 
•)pt ion= 1enubox(4, BUO<, ~Al; 

switch (option) 
{ 

case 1: /t Relative Volatility 1/ 

if ((eqltype=RVQATILE) :: (!eqltypell 
getrvol O; 

else 
if (rorl(" REDEFH£ TI£ 

{ 

} 

break; 

EQUILIBRII.M Lit£? 
11 REDEFINITI00 1

, "RETURN"> l 

init_eqlO; 
getrvol O; 

• 
' 

I 

case 2: /1 User Defined 1/ 
if (!eqltype = USERSPECl :: !!eqltype)) 

user _sup(); 

} 

else 
if !rorl(" REDEFII'£ TI£ 

EQUILIBRII.M LIi'£? 
"REDEFINITIOO", "RETURN">> 

{ 

init_eql(); 
user.sup(); 

} 

break; 
case 3: 

no_avail(); 
break; 

/t Therao Database t/ 

case 4: /1 No Change 1/ 
option= O; 
break; 

} 

} while (option>; 

user _sup() 
{ 

float oaega, rawC3l[30l; 
int eli ■ = 01 done= O, 

k = O, J = 01 

half= o, screens= o, 
nu■ = o, i = o, offset= O; 

finis =O; int use_■ouse = O, 
char la■bdaC20l; 

eqltype = USERSPEC; 

I 

' 

I 

' 

' 
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raw[l][0] = raw[2][0l = eql[lJC0] = eql[2J[0] = 0.0; 

if (10use_in_usel 
{ 

use_10use = 10rk(l; 
} 

cl ick_bufferO; 

if (use_110usel 
{ 

do 
{ 

_setvi~rt(0.0, 0.0, 1.0, 1.0, -1, BlACl<l; 

_setviewport(norcoaxl,norcOll}'l,norcoax2,norcoay2,GREEN,6REYl; 
_setMOrld(0.0, 0,0, 1000.0, 1000,0l; 
_setext(l,1,0,ll; 
~settextclr(WHITE, Bl.LE>; 
attext<SO.0, 975.0, • EllJILBRil-" •1; 
attext(SO.0, 950.0, • LitE POINTS•>; 
_settextclr(WHITE, RED>; 
attext (50. 0, 75. 01 "DUlSE (0, 0l •i; 
attext(SO,0, 50.0, • TO llJIT "l; 
_settextclr<YELLOW, SREY>; 
attext(SO.0, 900.0, • X Y "l; 
attext(SO.0, 875.0, •= = 1 l; 

_settextclr(YfilOW, SREY>; 

i++; 
a:>use_xy<&raw[ll[il, &raw(2l(ill; 
if ((raw[i]Cil = 0.0l && <raw[2l(i] = 0.0ll 
{ 

finis= 1; 
i-; 

} 

else 
{ 

_setviewport(norcoax1,norcoay1,norcoax2,norcoay2,-1,-1l; 
_set..orld(0.O, 0.0, 1000.0, 1000,0l; 
sprintf<lillbda, •i.2f 1.2t•, rattUHil, raN(2Hill; 
_settextclr<Ya.LOW, SREY); 
attext(SO.0, 850.~(it25,0l, lallbdal; 
} 

} itlile (!finis>; 

} 

else 
{ 

points = i; 
i = 0; 

_setviewport (0. O, O. O, 0. 66, 1, 0, GREEN, Bl.LE); 
_set..orld(0,0, 0,0, 660.0, 1000,0l; 
_setext(1,1,0,1l; 
_settextclr<WHITE, RED>; 
at text (5. 0, 950. 0, • ENTER Tl£ COORDINATES CF • l; 
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attellt (5. 0, 900, 0, • Tl£ EOOILIBRIIJII Lit£. • l ; 
_settelltclr(RED, Bl.LEI; 
attext(lOO,0, aoo.o, •x VALUE"l; 
at text (375. o, 800. 0, •y VALUE" l; 
_setcolor(REDl; 
_110vabsl100.0, 790.0l; 
_lnabs(275.0, 790,0l; 
_rnovabs(37S,0, 790.0l; 
_lnabs(S50.0, 790.0l; 
_settextclr(L_SREEN, Bl.IE); 
attext(10.0, 10.0, "IIEN DO£, HIT <RETURN>"l; 
_settextclr(~ITE, Bl.LE); 

/1 This lilhile loop ends lilhen a zero length string is returned 
froa the strng(l function. (i.e., <CR> NI no n1.111ber l 

I/ 

lilile (strng(7S,0 + offset•27S.0, 725.0 - (25;0fil,laabda,0, 10) != 0l 
{ 

} 

} 

if (offset = 0l 
{ 

} 

else 
{ 

} 

offset = 1; 
011ega = atofllaabdal; 
riua++; 

raN(ll [n1.111l = Cflo.atloaega; 
half= 1; 

half= O; 
offset = 0; 
omega= atof(laabdili 
raN[2l(n1111l = lfloatloaega; 
i++; 

if Ii = 30) 
{ 

i = O; 
screens++; 

} 

if (half= 0l 
nua++; 

raN(ll(nU11l = raw(2l(nual = -1.0; 

/f N1111ber of points read through the ~eyboird. •I 
points = n1.111 - 1; 

eli■ = 0; 
/1 These tests eli■inate ll and y values greater than or 
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equal to one and values less than or equal to zero. The 
values for x = 0 and x = 1 are aut011atically added later. 

f/ 

for !J = 1; J <= points; J++l 
{ 

} 

if ((raw(lHJJ >= 1.0) :: (raw(l)(J] <= 0.0)l 
{ 

} 

else 
{ 

} 

raw(l]CJJ = 100.0; 
elia++; 

if ((raw(2HJJ <= 0.0} :: (raw(2HJJ) 1.0H 
{ 

} 

raw(l](J] = 100.0; 
elia++; 

/f This nested test eli■inates duplicate x values. If two 
points are given with the sa■e x value, the first of the 
two is filtered out. 

f/ 

for <J = 1; J <= points; J++l 
{ 

for (i = Ji i <= points; i++l 
{ 

if !J != il 
{ 

if CrawClJCJJ != 100. Ol 
{ 

if (raN(lJ[JJ = raw[l)Cill 
{ 

elia++; 
raw[l) [Jl = 100. 0; 

} 

} 

} 

done= 0; 

} 

} 

if Celi■ >= points> 
{ 

l!Mle55(5, 

• tO£ IF TIE", 
• SPECIFIED•, 
• EOOILIBRIL.M•, 
• LINE WI.LES", 
• ARE ~ID"); 

done= 1; 
} 

k = 0; 
Nh i le C 'done) 
{ 

float Sllill_x; 



} 

} 
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int best; 

small _x = 2. O; /fan i ■oossibly large x f/ 

/f The x values are ordered in this for loop t/ 

k++; 
for (J = 1; J <= points; J++) 
{ 

} 

if (raNClHJJ < saall_x> 
{ 

} 

saall_x = raN(ll(JJ; 
best = J; 

eql(l)[kJ = raN(1HbestJ; 
eql(2](kJ = raN(2J(bestJ; 
raN(lJ[bestJ = 3.0; 

if ((k + eli■) >= points) 
done = 1; 

/f The neM nu■ber of points after eli ■ination of bad points and 
the addition of the point (1,1). 

f/ 

points = k + 1; 
eqlC1JtpointsJ = eqlt2JCpointsJ = 1.0; 
eql[1J(points+1J = eql[2J(points+1l = -1.0; 

_setviewport(0.0, 0.0, 0.66, 1.0, -1, ~l; 
_setNOrld(0,0, 0.0, 660.0, 1000.0l; 
draw_diaO; 
draw_eqlO; 

no_avail () 
{ 

float ■x, ■y; 

int bt; 

_setviewport CnorcolllCl, nol"COll}'l, norco11x2, norcoay2, GREEN, Bll£l; 
_setNOrld(0,0, 0.0, 1000.0, 1000.0); 

_setext <2, 1, O, 1); 

_settextclr(YB.LIM, 1Ll£); 
attextC400,0, 700.0, "t«JT"l; 
attext(160.0, 600.0, "AVAILAIILE"); 
attext(10.0, 500.0, "AT THIS TIii£."); 

if C10use_in_use) 
{ 

_setext(l,1,0,1); 
_settextclrCL_GREEN, 1Ll£); 
attext(160.0, 250.0, "Q.ICK j:Wy"); 

attextC10,0, 200.0, •llJTT~ ~ Tl£">; 
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attext(160.0, 150.0, "lilll.lSE TO"l; 
attextl160.0, 100.0, "CtNTIM.E. "l; 

} 

else 
{ 

} 

_setext(l,1,0,ll; 
_settextclrll_GREEN, Bl.LE); 
attextll0.0, 200.0, • HIT ANY KEY"l; 
attextll0.0, 150.0, • TO aJflIM.E"l; 

deltcurO; 

sleepO; 

sleep() 
{ 

} 

float ■x, ■y; 

int bt; 

if l■ouse_in_usel 

{ 

} 

else 
{ 

} 

forl;;l 
{ 

readlocatorl&IIX, &ay, &btl; 
if (Q..ICJ<l 

break; 
} 

int chr = _getchll; 

getrvol 0 
{ 

char la■bda[100l; 

eqltype = RVG.ATILE; 

_setviewport (norcou1, norcoay1, norcoax2, norcoay2, GREEN, SREY); 
_set1t0rld(0,0, 0.0, 1000,0, 1000,0l; 

_setcolor !Bl.LE); 
clrO; 

_setextl2,1,0,1l; 
_settextclr(YfilCM, Bl.LE); 
attext<SO.0, 800.0, •~TIS Tl£"); 
attext(160.0, 600.0, "RELATIVE"!; 
attext(80.0, 500.0, "V!l.ATILITY?"l; 
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_settextclr(liitilTE, Bll.El; 
strng (200. 0, 300. 01 lc111bda, 1, 10); 
al ;ila = atof ( lambda) ; 
deltcurO; 

rel vol(); 

relvolO 
{ 

} 

int i; 
double interval; 

points= 20; 

eql(1H0l = eql[ZJ[0l = 0.0; 

/t The points on the equilibri1111 line are found t/ 
for (i = 1; i <= points; i++l 
{ 

interval= i/((floatlpointsl; 

eql[llCil = intl!l"val; 
eqlC2lCil = alpha/((1.0/intervall + aloha - 1.0l; 

} 

_setviewport{0.0, 0.0, 0.66, 1.0, -1, BLOCK); 
_setNOrld(0.0, 0,01 660.0, 1000.0l; 
draw_diaO; 
draw_eqlO; 

draw_eql() 
{ 

/t Equilibriua line is draNn here t/ 

} 

int i; 

if Ceqltypel 
{ 

} 

_setcolor<REDJ; 
_10vabs(diax(eqlCllC0ll, diay(eqlC2lC0lll; 

for Ci= 1; i <= points; i++I 
{ 

_lnabs(diax(eqlCllCill, diay(eqlC2lCilll; 
} 

draw_bl'ONl"l_eqlO /t Brown equilibriua line is drawn here t/ 
{ 

int i; 

if !eqltypel 
{ 
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_setcolor(~l; 
_1110vabs(diax(eql[lJ(0ll 1 diayleql[2l[0lll; 

for (i = 1; i (= points; i++l 
{ 

_lnabs(diaxleql[lJ[ill, diay(eql[2J[illl; 
} 

int option; 

do 
{ 

_setvieN!)Ort (nore011xl, norc011Yl, nore011x2, norc011Y2, GREEN, SREY); 
_setNOrld(O,O, 0.0, 1000.0, 1000,0l; 

_setext<1,1,0,1l; 
_settextclr(lf!ITE, RED>; 
attext(TITLEX, TITLEY, • DISPLAY "l; 
attext<TITLEX, STITLEY, • OPTIIJ<IS •>; 
_settextclr(YELI.IJI, SREY>; 
attext(TXTX, TXT1Y, •SAVE•>; 
attext(TXTX, STXT1Y, "DIAGA•>; 
attext(TXTX, TXT2Y, "RETRIEVE•); 
attext(TXTX, STXT2Y, "DIAGA•>; 
attext(TXTX, TXT3Y, "SEND TO•J; 
attext!TXTX, STXT3Y, "PRINTER•>; 
attext(TXTX, TXT4Y, •PRINT w/•I; 
attext<TXTX, STXT4Y, "BKGD GRID">; 
attext<TXTX, TXTSY, "Ml CHANGE•>; 
deltcurO; 
option = aenubox (5, BUO<, ~Al; 

s.i tch !opt ionl 
{ 

case 1: 
savediaO; 
break; 

/t Save Diagraa 

case 2: /t Retrieve Diagraa t/ 
retrieve(); 
break; 

case 3: /t Send to Printl!t" t/ 
if lrorl(• IS Tl£ PRINTER ATToc.£0 •, 

• AND READY TO PRINT? •, 
•READY TO PRINT•, •ABORT PRINT•)) 

{ 

dotaatrix O; 
} 

break; 
case 4: /t Print w/ Grid t/ 

if lrorl(• IS TI£ PRINTER ATTOO£D •, 

I/ 
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• AND READY TO PRINT? • 1 

{ 

} 

"READY TO PRINT•, •ABORT PRINT•JJ 

grid = 1; 
dotaatrix (); 
grid= 0; 

creak; 
case 5: 

} 

option= 0; 
break; 

} while (option); 

savedia (I 
{ 

char laabda(15], picfileC15J, datfile(15l; 
int J, i, good; 
FILE 1fopen<l, 1fp; 

_setviewport (t«lRIENX1, t«lRIENYl, t«lRIENX2, t«lRIENY2, GREEN, SREY!; 
_setNOrld(0,0, 0.0, 1000,0, 1000,0l; 

do 
{ 

_setcolor<SREYJ; 
clr(); 
_setext(2,l,0,1l; 
_settextclr(GREEN, GREY>; 
attext(2o\0,01 700.0, •FIL.BfllE:•J; 
_settextclr<L_SREEN, SREYl; 
strng <280. 0, 400. 0, laabda, 1, 12); 

if (isdigit(laabdaC0lll 
{ 

} 

_setcolor<SREYl; 
clrO; 
_settextclr(IIIITE, RED>; 
attext(2o\O.0, 600.0, •J~ID ENTRY•); 
good = 0; 

/f Unless a drive has been specified, truncate the 
filenaae to eight characters. 

if (laabda(ll != ':' l 
la.1bda(8J = '\01 ; 

I• Copy the filenaae into the arrays 'picfile' and 'datfile' and 
give the filenaaes the extensions '.pie' and ',dat' respectively, 

i = 0; 
llilile ( «picfile(il = datfile(il = laabda(ill ! = '.' l H 
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!!picfile[il = datfile[il = laabda(ill != 1 \0')) 
{ 

} 

i++; 

picfile(il = 1 • 1 ; 

datfile(il = 1 • 1 ; 

i++; 
picfile(il = 'p'; 
datfile(il = 'd'; 
i++; 
picfile(il = 'i'; 
datfile(il = 'a'; 
i++; 
picfile(il = 'c'; 
datfile(il = 1t 1 ; 

i++; 
picfile[il = datfile[il = 1 \01 ; 

if ((fp = fopen(datfile, "r")) != Ml.1.) 
{ 

} 

char epsilonC5l; 
int cont; 

do 
{ 

_setcolor(SREY>; 
clrO; 
_setext (2, 11 o, 1l; 
attextl80.0, 800.0, "A FILE WITH T141T ~•>; 
attext!S0.01 700.0, • Ii.READY EXISTS.">; 
_set ext ( 1, 1,01 1) ; 

attext(40.0,400.o,·oo YOO WISH TO OVERWRITE"); 
attext<40.01350.0,"TI£ CLO FILE (Y/Nl:">; 
strng(880.0, 3-40.0, epsilon, 11 3); 

SNitch (epsilon[Oll 
{ 

case 'y': 
case 'Y': 

good = 1; 
cont = 1; 
break; 

case 'n': 
case 'N': 

good= O; 
cont = 1; 
break; 

default: 

} 

cont= O; 
break; 

} lilile I !cont); 
fcloselfpl; 

} lilile !!good>; 
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} 

if ((fp = fopen(datfile, •~•>> = ill) 
{ 

} 

fprintf(stderr, "\n\n\tFailure to ooen file">; 
fprintf(stderr, "\n\n\tPROGRAM TERMINATED\n\n"l; 
exit(0l; 

fprintf(fp, "1'd\n",probtypel; 
fprintf(fp, "%g\n",x_bottl; 
fprintf(fp, "%g\n",x_feedl; 
fprintf(fp, "%g\n",ql; 
fprintf(fp, "%g\n",x_distl; 
fprintf(fp, "%g\n",opslopel; 
fprintf(fp, "%g\n",rratiol; 
fprintf(fp, "1'd\n",nostagesl; 

fprintf(fp, "%d\n",eqltypel; 
fprintf(fp, "%g\n",alpha); 

forintf < fp, "%d\n•, points); 
for <J = 0; J <= points; J++l 
{ 

fprintf(fP, "%g\n",eqlC1HJll; 
fprintf(fp, "%g\n",eql[2lCJll; 

} 

fprintf (f P, "%d\n", operptsl; 
for CJ= 0; J <= operpts; J++l 
{ 

fprintf(fP, "%g\n",opH1HJll; 
fprintf(fp, "%g\n" ,.oplC2HJl l; 

} 

fprintf !f P, "%d\n•, feedtrayl; 
fprintf(fp, "%d\n", optiaall; 
fprintf(fP, "%d\n", top_to_bottl; 
fprintf!fp, "%d\n", bott_to_topl; 

fclose(fpl; 

_setviewport(0.0, 0.0, 1.0, 1.0, -1, ~>; 
_setNOrld(0.01 0.0, 1000.01 1000.0l; 
draN_diaO; 
draw_eqlO; 
draw_ansla'O; 

g~ite<picfilel; 

int retrieve( l 
{ 

char line[15l, laabda[15l, picfile[15l, datfi le[15l; 
int !digit, J, i, good, neNdrive; 
FILE tfopen<l, tfp; 
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_setviewport (l«JIMNXl, l«JRtENYl, l«JMNX2, l«JMNY2, GREEN, SREY!; 
_setNOrld(0.0, 0.0, 1000.0, 1000,0l; 

do 
{ 

!digit= 0; 
_setcolor<SREYl; 
clrO; 
_setext<2,1,0,ll; 
_settextclr(SREEN, SREY>; 
attext(240,0, 700.0, "FI~:•>; 
_settextclr(L_SREEN, SREY>; 
strng(280,0, 400.0, lilllbda, 1, 12); 

· if (isdigitllaabda[0lll 
{ 

} 

_setcolor<SREY>; 
clrO; 
_settextclr<lfHTE, RED>; 
attext<240.0, 600.0, "INVA..ID ENTRY"!; 
!digit= 1; 

} lilile (ldigitl; 

I• Unless a drive has been specified, truncate the 
fi lenaae to eight characters. 

if (laabda(ll != ':' l 
la.1bda[8l = 1 \0'; 

I• Copy the filenaae into the arrays 'picfile' and 'datfile' and 
give the filenaaes the extensions '.pie' and '.dat' respectively. 

H 
i = 0; 
lilile (((picfile(il = datfile[i] = laabda(ill != '.') && 

((picfiletil = datfiletil = laabdatill != 1 \0'll 
{ 

i++; 
} 

picfileCiJ = '•'i 
datfiletiJ = '•'i 
i++; 
picfileCiJ = 'p'; 
datfileCil = 'd'; 
i++; 
picfileCiJ = 'i'; 
datfile[il = 'a'; 
i++; 
picfiletiJ = 'c'; 
datfile(il = 't'; 
i++; 
picfiletiJ = datfiletiJ = 1 \0'; 

while ((fp = fopen(datfile, "r")) = lll.l 
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char eps(SJ; 
int cont; 

do 
{ 

_setcolor<SREY); 
clr O; 
_setext<2,1,0,ll; 
_settextclr<SREEN, SREY); 
attext(160,0, 800.0, "Tl£ SPECIFIED FILE"l; 
at text< 160. O, 700. O, • DCES t()T EXIST.• l ; 
_setext(l, 1,0, ll; 
attext(40.0,soo.o,·oo vru WISH TO SPECIFY A"l; 
attext(40,0,450.0,·oIFFERENT DRIVE (Y/N):"); 
strng(920.0, 440.0, eps, 11 3l; 

switch (eps[OJl 
{ 

case 'y': 
case 'Y': 

nellldrive = 1; 
cont = 1; 
break; 

case 'n': 
case 'N': 

net«lrive = O; 
cont = 1; 
break; 

default: 

} 

cont = O; 
break; 

if (net«lrivel 
{ 

char pict■p(20J, datt■p(20J; 

do 
{ 

_setcolorlSREYl; 
clrO; 
_setext (2, 1, O, 1l ; 
attext(120,0, 700,0, •~TERNATE DISK DRIVE8l; 
_setext<l,1,0,ll; 
attext(80,0,400.0, •~IOI DRIVE SKl.lD BE"l; 
attext(80,0,3SO,O,"SEAR0£D:"l; 
strng(S20,0, 340.0, eps, 1, 2); 

if (isupper(eps[Olll 
{ 

char t ■p = epsCOl; 
eps[OJ = tolONer(t■pl; 

} 
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} Mhile ((eps[0J != 'a') U (eps[O] != 'c'll; 

} 

} 

else 

i = O; 
Mhile ((pict■p[i] = picfile[i]l != '\0'l 

i++; 
i = 0; 
Mhile ( (datt1p[i] = datfile[iJl != '\01 > 

i++; 

picfile[0J = datfile[0J = eps(0J; 
picfile(lJ = datfile[l] = ':'; 
i = O; 
lilile ((picfile[i+2] = pict■p(i]) != '\0') 

i++; 

i = 0; 
lilile ((datfile(i+2J = datt■p(iJ) != '\O'l 

i++; 

return(0l; 

fgets (1 ine, 12, fp); 
probtype = atoi(linel; 
fgets!line, 12, fpl; 
x_bott = (float)atof(linel; 
fgets(line, 12, fpl; 
x_feed = (floatlatof(linel; 
fgets(line, 12, fpl; 
q = (floatlatof(linel; 
fgets(line, 12, fpl; 
x_dist = (floatlatof(linel; 
fgets(line, 12, fpl; 
opslope = (floatlatof(linel; 
fgetslline, 12, fpl; 
rratio = (float)atof(linel; 
fgets (1 i ne, 12, fpl ; 
nostages = atoi(linel; 

fgets!line, 12, fpl; 
eqltype = atoi(linel; 
fgets<line, 12, fp); 
alpha= (floatlatof(linel; 
fgetslline, 12, fp); 
points= atoi(linel; 

for IJ = 0; J <= points; J++l 
{ 

fgets(line, 12, fpl; 
eql(ll(JJ = (floatlatof(linel; 
fgets!line, 12, fpl; 
eql(2J(JJ = (floatlatofllinel; 



} 
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} 

fgets(line, 12, fpl; 
operpts = atoi(linel; 

5/17/86 

for !J = O; J (= operpts; J++l 
{ 

fgets(line, 12, fpl; 
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opl(ll(Jl = (floatlatof(linel; 
fgets!line, 12, fpl; 
opl[2l(Jl = (floatlatof(linel; 

} 

fgets(line, 12, fpl; 
feedtray = atoi(linel; 
fgets !line, 12, fpl; 
optiaal = atoi!linel; 
fgets !line, 12, fpl; 
top_to_bott = atoi(linel; 
fgets(line, 12, fpl; 
bott_to_top = atoi(linel; 

fclose(fpl; 

_setviewport(O,O, 0.0, 1,0, 1,0, -1, ~l; 
_setNOrld(0,0, 0.0, 1000,0, 1000.0l; 

gread ( picfilel; 

eraess(n1111, txtl, txt2, txt3, txt4, txt5, txt6, txt7, txt8l 
int nua; 
char •txt1, 1txt2, 1txt3, •txt4, •txts, 1txt6, •txt7, 1txt8; 
{ 

float ■x, ■y; 

int bt; 

_setvieNport (norcoax1, norcoay1, norco■x2, norcoay2, GREEN, 6REYl; 
_setNOl"ld(0,01 0,0, 1000,0, 1000.0l; 

_setext <2, 1, o, 1l; 
_settextclr<lffITE, RED); 
attext (40, O, 850, O, • WARN I Ni • l ; 
_setext(1,1,0,1l; 
_settextclr(Yfilfll, SREY>; 
if (nu■ )= 1l 

attext(lO.O, 700.0, txt1l; 
if !nu■ l= 2l 

attext<tO,O, 650.0, txt2l; 
if tnua >= 31 

attexttlO,O, 600,0, txt3l; 
if (nua l= 4) 

attext<lO,O, 550.0, txt4l; 
if <nua >= 5) 

attext<lO,O, 500.0, txtSl; 



} 

/f 

f/ 
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if (nUII ): 6) 
attext(l0.0, 450,0, txt6); 

if (nUII ): 7) 

attext (10. 0, 400. 0, txt7l; 
if (nUII )= 8) 

attext<l0.0, 350.0, txt8); 

_settextclr<L_SREEN, SREY); 

if (110use_in_usel 
{ 
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attext(160.0, 250.0, "CLICK~•>; 
attext!l0.0, 200.0, "BUTTON IJI THE"I; 
attext(160.0, 150.0, "!lll.lSE TO">; 
attext<160.0, 100.0, •~TIH.">; 

} 

else 
{ 

} 

attext(10.0, 250.0, • HIT~ ">; 
attext(10.0, 200.0, • KEY IJI 1l£ "l; 
attext(10.0, 150.0, • KEYDRD TO "I; 
attext!l0.0, 100.0, • ~TIME. "l; 

deltcurO; 

sleep(); 

This furction returns al'I I x' value of the intersection of tNO lines 
given a point and the slope of each. 

float psinterx(xl, yl, slopel, x2, y2, slope2) 
double xl, yl, slopel, x2, y2, slope2; 
{ 

} 

float t11pl, tllp2, tapJ; 

t■pl = (float)((slope2 t x2) - (slope!• xll); 
t■p2 = (float)(y2 - yll; 
t■p3 = (float)(slope2 - slopel); 

return((float)((t■p1-t■p2)/t■p3)); 

fl oat feedcond () 
{ 

int option; 

_setviewport (~RIIIENX1, t«JIIENY1, ~IIENX2, ~RIENY2, GREEN, SREY> ; 
_setNOrld<0.0, 0.0, 1000,0, 1000.01; 

_setext(l,1,0,ll; 
_settextclrOliITE, RED); 



} 

/f 

f/ 
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attext!TITLEX, STITLEY, " FEED CONDITION "l; 
_settextclr(Yfillll, 6REYl; 
attext(TXTX, TXT1Y, "SATURATED VAPOR"l; 
attext(TXTX, TXT2Y, "SATURATED LIOOID"l; 
attext(TXTX, TXT3Y, "TWO ~S"l; 
at text <TXTX, TXT4Y, "RETURN"); 
del tcur O; 
option= IIIE!nubox(4, BLOCK, lflGENTAl; 

switch (opt ion) 
{ 

case 1: 
return(0.0l; 

case 2: 
return(l.0l; 

/t Saturated Vapor t/ 

/t Saturated Liquid 1/ 

case 3: /1 T1110 Phases 1/ 

return(key_x("ENTER TI£ WI.LE IF 'G' •, 
"FOR Tl£ FEED STREAM"ll; 

case 4: /1 Return 1/ 

break; 
} 

This function allONS the choice of the Mouse or the Keyboard 
for input of nuaerical data. A 111 is returned if the Mouse 
is chosen and a '0' if the keyboard is chosen. 

int 10rkO 
{ 

float ax, ay; 
int bt; 

if (10use_in_use) 
{ 

_setviewport (t«JRIENX1, t«JRfEIY1, t«:l!IENX2, t«:lRfENY2, 6REEH, 6REY); 
_setNOrld(0,0, 0,0, 1000.0, 1000.0l; 
_setext(l,1,0,1); 
_settextclr(lffITE, RED>; 
at text <50. 01 850. 01 • USE lffl~ DEVICE FOR • l ; 
attext(50,01 800.0, • INPUT IF ttJERICSl. DATA?">; 
_setcolor<SREEHl; 
_ bar ( 10. 01 450. 01 350. O, 625. 0 l ; 
_bar(10.0, 150.0, 350.0, 325.0); 
_settextclr(6REY1 GREEN>; 
attext(50.0, 550.0, "RIGHT">; 
attext(50.0, 500.0, "BUTTO."l; 
attext(50,0, 250.0, •LEFT">; 
attext(50.0, 200,0, "BllTTIJt"l; 
_settextclr<GREEH, SREY); 
attext(450.0, 525,0, "QJSE"l; 
attext(450.0, 225.0, •~•>; 



} 

} 
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deltcurO; 
for(; ;l 
{ 
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readlocator(kx, &ay, &btl; 
if (RISHT_BTl 

return<ll; 
if (LEFT _BT> 

return(Ol; 
} 

I• IOJSE is chosen •I 

I• keyboard is chosen •I 

else 
return(O); 

int rorl(ttxt, sttxt, rtxt, ltxtl 
char 1ttxt, *Sttxt, trtxt, tltxt; 
{ 

float ■x, ■y; 

int bt; 

_setviewport (t«lRfENX1, t()RfENYl, t()Rf!ENX2, t()fMNY2, GREEN, SREY>; 
_setNOrld(0,01 0.0, 1000.0, 1000.0l; 
_setext(1,1,0,1l; 
_settextclr(lliITE, RED); 
attext(SO.O, 850.0, ttxtl; 
attext(SO.O, 800.0, sttxtl; 
_setcolor(6REEN>; 
_bar(lO,O, 450.0, 350.0, 625.0l; 
_bar(lO.O, 150.0, 350.0, 325.0l; 
_settextclr(SREY, GREEN>; 
if (110use_in_usel 
{ 

} 

else 
{ 

} 

attext(SO,O, 550.0, "RISHT"l; 
attext(SO.O, 500.0, •BUTT~"l; 
attext(SO,O, 250,0, • LEFT•>; 
attext(SO.O, 200,0, "BUTTci.•>; 

attext(SO,O, 550.0, "UP"l; 
attext(SO.O, 500.0, "ARRCII•); 
attext(SO.O, 250.0, "DOIN"l; 
attext(50.0, 200.0, "ARRCll"l; 

• _settextcl r (GREEN, SREY) ; 
attext(450,0, 525.0, rtxtl; 
attext(450.0, 225,0, ltxtl; 
deltcurO; 
if (110use_in_usel 
{ 

for(;;) 
{ 

readlocator(&llx, &ay, &btl; 
if (RISHT _en 

return(l); 



} 

} 

else 
{ 

} 
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if !LEFT_BTl 
return(0l; 

} 

int chr; 
for !;;l 
{ 

chr = _get ch ( l ; 
if (chr = 328) 

return(l); 
if (chr = 336) 

return(0); 
} 

float key_x(txt, shtl 
char •txt, tstxt; 
{ 

char lc11bdaCl2J; 
double oaega; 
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_setviewport (l()AIENXl, t«JRfENYl, t«JAIENX2, t«JMNY2, GREEN, a.lEl; 
_setNOrld(0.01 0.0, 1000.0, 1000.0l; 
_setext <1, 1, 0, 1l; 
_settextclr(YruO., ll.lEl; 
attext(50,0, 650,0, txt>; 
attext(50.0, 600,0, stxtl; 
_settextclr(lfllTE, Bl.lE); 
strng(200,01 300.0, laabda, 1, lOl; 

OMega = atof(laabda); 

return((floatloaegal; 
} 

no\"9COOr ( > 
{ 

} 

/f 

norcoaxl = C(JIXl/1000.0; 
norcoayl = WIYl/1000.0; 

norcoax2 = C(JIX2/1000.0; 
norcoay2 = CIJIY2/1000.0; 

nordiaxl = DIAXl/1000,0; 
nordiayl = DIAYl/1000.0; 

nordiax2 = DIAX2/1000.0; 
nordiay2 = DIAY2/1000,0; 



Version 2.00 5/17/86 Page 21 

This is an "intelligent• getch(l C(aand that adds 256 to the ASCII 
codes of control characters 

I/ 

ctl_chrO 
{ 

} 

/I 

f/ 

int chr = cget(l; 

if (chr I: 0) 

return(chrl; 

chr = cget O ; 
return(256+chrl; 

The next tNO routines allow keyboard input to be displayed on 
the color screen. Original code by A. SkJellua. 

strng(tcurx,tcury,string,i■in,iuxl /t sets text cursor position t/ 

double tcurx,tcury; /t then goes to _strng(l t/ 

char tstring; 
int i■in,iux; 
{ 

_1110vtcurabs(tcurx,tcuryl; 
return(_strng(string,i■in,i■axll; 

} 

_strng(string,i ■in,i■axl /t displays text on color screen and 1/ 

char tstring; /tallows backspacing during input 1/ 
ir1t i11in, iaax; 
{ 

float o_curx,o_cury; 
float curx,cury; 
float delti; 
int dflag = o; 
int y, x; 
int i = O; 
int done= O; 

if <imax < i■in) 
{ 

int te■p; 
tE!llp = i■all j 

illliX = i■inj 
i■ in = te11p; /t SNap for robust behavior t/ 

} 

inqtcur(&o_curx,&o_curyl; 
curx = o_curx; 
cury = o_cury; 
delta= 0.0; 



} 
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while( !done) 
{ 

int chr; 
chr = cget<l; /f get a character 1/ 

switch(chr) 
{ 

} 

case '\b': 
case 0x07f: 

/f backspace f/ 

if ( il / 1 decrelent count 1 / 

{ 

} 

i-; 
o_curx = curx; 
curx -= delta; 
_movtcurabs(curx,curyl; 
text(" "); 
_raovtcurabs(curx,curyl; 

break; 

case '\n': 
case 1 \r': 

/1 RETURN or carriage feed 1/ 

ifli >= i■inl done= 1; 
break; 

default: /f text to be displayed 1/ 

if(i < i ■axl 
{ 

} 

char str(2J; 
if{chr { 32) break; 
string(i++l = chr; 
strt0l = chr; 
str(ll = 1 \0'; 
text lstr); 
o_curx = curx; 
o_cury = cury; 
inqtcur<&curx,&curyl; 
if (dflag = 0l 
{ 

} 

delta= curx - o_curx; 
dflag = 1; 

break; 

} /1 end Nhile{!donel f/ 

stringCil = 1 \01 ; /t eos 1/ 

return Ii); 
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f/ 

Last Revision 
5/2/86 

/IC3A. C 

Sor.tains the following procedures: 

Curr_ val 0 
Trial O 
Draw_anS1Er ( I 
CoplineO, 

tinclude <math.hi 
#include <color.h) 
tinclude (stdio.hi 
#include <11eext . h) 

int copline(IIOdel 
i nt IIIOde; 
{ 

if (probtype = STRIP) 
{ 

opl(lJ[lJ = x_bott; 
opl[2J[1J = x_bott; 
if (q = 1.0) 
{ 

opl(1J[2J = x_feed; 
opl [2][2J = opl(2][1l + opslope + (x_feed - x_bottl; 

} 

if (q = 0,0) 
{ 

opl[2][2] = x_feed; 
opl[1l[2l = opl[1JC1J + (oplt2J(2]-opl(2JC1Jl/ooslope; 

} 

lf ((q 1= 0,0) && (q != 1,0)) 
{ 

opl(1](2] = psinterx(opl(lltll, opl[2][1J,opslope, 
x_feed, x_feed, q/(q-lll; 

opl(2lt2l = oplC2Jtll + opslope+(opl(1J[2l-opltllt1Jl; 
} 

if (IIOde = 1l 
{ 

} 

_setcolor(6REEN>; 
_movabs(diax(x_bottl, diay(x_bottll; 
_lnabs (diax (oplt1Jt2J I, diay(oplt2J [2))); 
_setcolor(BROWNl; 
_lnabs(diax(x_feed), diay(x_feedll; 

if ((oplt1H2l < 0.0) :: (opH1H2J > 1,0ll 
return(O); 

if (opl[2Jt2l >= equil_y(opl[1JC2Jl) 
return(Ol; 
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return(ll; 
} 

if ( ;irobtype = RECTIFYl 
{ 

opl[1][2J = x_dist; 
opl[2J[2J = x_dist; 
if (q = 1.0) 
{ 

opl[1J(l) = x_feed; 
opl[2][1] = opl[2JC2J + opslope * (x_feed - x_distl; 

} 

lf (q = 0,0) 
{ 

opl[2J[l] = x_feed; 
oplC1J[lJ = opl(1JC2) + (opl[2JC1)-opl[2JC2Jl/opslope; 

} 

if ((q != 0.0) && (q != 1,0)) 
{ 

opl[1J[1J = psinterx(opl[1J[2J, opl[2][2J,opslope, 
x_feed, x_feed, q/(q-lll; 

opl[2JC1J = opl[2JC2J + opslopet(opl[1JC1J--oplC1JC2Jl; 
} 

if (IIOde = 1l 
{ 

} 

_setcolor(6REENl; 
_1110vabs(diax(x_distl, diay(x_distll; 
Jr.abs (diax (oplClJClJ l, diay (oplC2J Cl]) l; 
_setcolor(BR!l,jN); 
_lnabs(diax(x_feedl, diay(x_feedll; 

if ( (cpl [1][1) ( 0. OJ : : (oplC1H1J l 1. OJ l 
return(0l; 

i f (opl[2)[1l l= equil_y(oplClHl]ll 
return(0l; 

return(ll; 
} 

if (probtype = SHELE> 
{ 

float topslope; 

topslope = 1,0/(1,0 + rratiol; 

opl[1l[1J = x_bott; 
opl[2][1J = x_bott; 
opl(1J[3l = x_dist; 
opl[2]C3J = x_dist; 
if (q = 1,0) 
{ 

oplC1JC2J = x_feed; 
oplC2JC2J = oplC2JC3l - topslope * <x_dist - x_feedl; 

} 

if (q = 0,0) 
{ 

oplC2JC2l = x_feed; 
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opl(1J(2J = opl[1J[3l-(opl[2J[3J-opl(2J[2Jl/topslope; 
} 

lf ((q I: 0,0) U (q I: 1,0)) 
{ 

opl[1J[2J = psinterx(opl[1J[3J, 001(2J[3J,topslope, 
x_feed, x_feed, q/(q-lll; 

opl[2J[2J = 001[2J[3J -topslopet(opl(1JC3J-opl(1JC2Jl; 
} 

if (IOde = 1l 
{ 

} 

_setcolor (6REENl; 
_oovabs(diax(opl[1J[1Jl, diay(opl[2J(llll; 
_lnabs(diax(opl(1J(2Jl, diay(opl[2l(2lll; 
_lriahs(diax(opl(1JC3ll, diay(opl[2JC3Jll; 
_setcolor(BROWN>; 
_movabs(diax(opl(1JC2Jl, diay(opl[2J(2Jll; 
_lnabs(diax(x_feedl, diay(x_feedll; 

if c CoplC1H2J < o. OJ : : Copl r1H2J > 1. 0)) 
return CO); 

if (opl(2)(2] l= equil_y(oplC1H2Jll 
return(Ol; 

if (!optiaall 
{ 

if (top_to_bottl 
{ 

int i; 
float hi_li■it, lo_limit, ■id; 

float op_y, diff; 

lo_li■it = 0.0; 
hi_li ■it = x_dist; 
diff = 0.0; 
do 
{ 

if Cdiff ( O.Ol 
lo_li■i t = ■id; 

if Cdi ff l O. Ol 
hi_li■it = ■id; 

■id= (hi_li■it + lo_li ■itl/2,0; 
op_y = x_dist-topslope-t(x_dist--■ idl; 

diff = equil_yC ■idl - op_y; 

} while (fabs(diffl >= 0.001); 

ofx = opl(1JC2J; 
ofy = opl(2JC2J; 
opl(ll(2l = ■id; 
opl(2](2] = equil_yC■idl; 

} 

if <oott_to_topl 
{ 

int i; 
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} 

} 

} 

} 

return(l); 

float hi_li ■it, lo_li11it, 11id, bottslope; 
float op_y, diff; 

bottslope = (opl[2][2J-x_bottl 
/(opl[11[2]-x_bottl; 

lo_limit = x_bott; 
hi_li ■ i t = 1, O; 
diff = 0.0; 
do 
{ 

if (diff < O.Ol 
hi_li ■it = ■id; 

if (diff } 0.0) 
lo_li11it = ■id; 

■id= (hi_li■it + lo_limitl/2.0; 
op_y = x_bott-bottslopet(x_bott1idl; 

diff = equil_y(■idl - op_y; 

} Nhile (fabs(diffl l= 0,0011; 

ofx = opl[1][2J; 
ofy = opl[2J[2]; 
opl[1][2] = Mid; 
opl(2J[2] = equil_y(■idl; 

draw_anSMerO 
{ 

int i; 
~loat 
float 

cur_x, cur_y; 
tmp_x, t■p_y; 

if < probtype = STRI Pl 
{ 

if C <x_bott != -1.0l && 
(x_feed != -1.0l && 
(q != -1. 0) && 
(opslope != -1.0l && 
(nostages != Ol l 

{ 

_setcolor<GREENl; 
_110vabs(diax<x_bottl, diay(x_bottll; 
_lnabs(diax(opl[1J[2Jl, diay(opl[2J[2Jll; 
_setcolor(BR(»ll; 
_lnabs(diax(x_feedl, diay(x_feedll; 
cur_x = opl[1][2J; 
cur_y = opl(2J[2J; 
_setcolor(lililTEl; 
_movabs(diax(cur_xl, diay(cur_yll; 
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/1 Feed Location 1/ 
for (i = 1; i <= nostages; i++l 
{ 

cur_x = equil_x(cur_yl; 
_lnabs(diax(cur_xl , diay(cur_yll; 
cur_y = oper_y(cur_xl; 
_lnabs(diax(cur_xl, diay(cur_yll; 

} 

} 

if (probtype = RECTIFY> 
{ 

if ( (x_dist != -1. 0l && 
(x_feed != -1.0l && 
(q != -1.0) && 
(opslope != -1.0l && 
(l'IOStages != 0ll 

{ 

} 

} 

_setcolor(SREEN>; 
_aovabs(diax(x_distl, diay(x_distll; 
_lnabs(diax(opl[ll(lll, diay(opl[2J(1Jll; 
_setcolor<B~l; 
_lnabs(diax(x_feedl, diay(x_feedll; 
cur_x = opl(1l(1l; 
cur _y = opl(2l(ll; 
_setcolor<WHITEl; 
_1110vabs(diax(cur_xl, diay(cur _yll; 

/f Feed Location 1/ 
for (i = 1; i <= nostages; i++l 
{ 

} 

cur_y = equil_y(cur_xl; 
_lnabs(diax(cur_xl, diay(cur _yll; 
cur_x = oper_x(cur_yl; 
_lnabs(diax(cur_xl, diay(cur_yll; 

if ((probtype = Sita.E> U (optiaalll 
{ 

if ( 

{ 

(x_bott != -1. 0l u 
Cx_feed != -1.0l && 
Cq != -1.0l && 
Cx_dist != -1.0l u 
(rratio != -1.0) u 
Cnostages != 0l l 

_setcolor(SREENl; 
_movabs(diax(opl[ll[ll>, diay(opl(2J(1lll; 
_lnabs(diax(opl(1J(2Jl, diay(opl[2l[2Jll; 
_lnabs(diax(opl[1J(3Jl, diay(opl[2J(3Jll; 
_setcolor(BRlliNl; 
_1110vabs(diax(opl(1J[2Jl, diay(opl(2J[2Jll; 
_lnabs(diaxCx_feedl, diay(x_feedll; 
cur_x = opl[lJCll; 
cur_y = opl(2l(1l; 
_setcolor(WHITEl; 
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} 

} 

_oovabs(diax(cur_xl, diay(cur _yll; 
/1 Feed Location t/ 

for (i = 1; i <= nostages; i++l 
{ 

} 

cur_y = equil_y(cur_xl; 
_lnabs(diax<cur_xl, diay(cur_yll; 
cur_x = ooer_x(cur_yl; 
_lnabs(diax(cur_xl, diay(cur_yll; 

if ((probtype = SitaEl && (!optiaalll 
{ 

if 

{ 

(x_bott != -1.0) u 
(x_feed != -1.0) && 
(Q != -1.0) && 
(x_dist != -1.0) && 
(rratio '= -1.0) " (nostages != 0ll 

tmp_x = opl[1J[2J; 
t■p_y = oplC2J[2J; 

if <top_to_bottl 
{ 

_setcolor(GREEN>; 
_lll0vabs(diax(opl[1][3Jl, diay(ool[2J[3Jll; 
_lnabs(diax(opl[1J[2Jl, diay(opl[2l[2Jll; 
_movabs(diax(ofxl, diay(ofyll; 
_lnabs(diax (oplC1Jt1)), diay(oplC2H1Jl l; 
_setcolor(BR!JiNl; 
_1110vabs(diax(ofxl, diay(ofyll; 
_lnabs(diax(x_feedl, diay(x_feedll; 

cur_x = opl(1J[3J; 
cur_y = oplC2JC3J; 
_setcolor(lfiITEl; 
_1110vabs(diax(cur_xl, diay(cur_yll; 

for (i = 1; i <= nostages; i++l 
{ 

cur_x = equil_x(cur _yl; 
_lnabs(diax(cur_xl, diay(cur_yll; 

if (i = feedtrayl 
{ 

opl(1J[2J = ofx; 
oplC2J[2J = ofy; 

} 

cur_y = oper_y(cur_xl; 
_lnabs(diax(cur_xl,.diay<cur_yll; 

} 

} 

if (bott_to_topl 
{ 

_setcolor<GREENl; 
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_movabs(diax(opl[1J[1Jl, diay(opl[2J[1Jll; 
_lnabs(diax(opl[1J[2Jl, diay(opl(2][2Jll; 
_rnovabs(diax(ofxl, diay(ofyll; 
_lnabs(diax(opl[1](3Jl, diay(opl(2](3Jll; 
_setcolor!B~l; 
_1110vabs(diax(ofxl, diay(ofyll; 
_lnabs(diax(x_feedl, diay(x_feedll; 

cur_x = opl[lJ[lJ; 
cur_y = opl(2](1J; 
_setcolor(WHITEJ; 
_movabs(diax(cur_xl, diay(cur_yll; 

for (i = 1; i {= nostages; i++l 
{ 

} 

} 

cur_y = equil_y(cur_xl; 
_lnabs(diax(cur_xl, diay<cur_yll; 
if (i = feedtrayl 
{ 

opl(1](2] = ofx; 
opl(2J[2J = ofy; 

} 

cur_x = oper_x(cur_yl; 
_lnabs(diax(cur_xl, diay(cur_yll; 

opl(1][2J = t1p_x; 
opl[2J[2J = t1p_y; 

float trial() 
{ 

int i; 
float cur_x, cur_y, overshot; 
float t■p_x, t■p_y; 

_ set xor (1) ; 

if (probtype = STRIP) 
{ 

_setcolor(SREENl; 
_■ovabs(diax(x_bottl, diay(x_bottll; 
_lnabs(diax(opl[1l[2Jl, diay(opl[2l[2lll; 
_setcolor(B~l; 
_lnabs(diax<x_feedl, diay(x_feedll; 

cur_x = opl[1J[2J; 
cur_y = opl(2l[2J; 
_setcolor(litiITEl; 
_movabs(diax(cur_xl, diay(cur_yll; /t Feed Location t/ 

for (i = 1; <= nostages; i++l 
{ 
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cur_x = equil_x(cur_yl; 
_rlnabs(diax(cur_xl, diay(cur_yll; 
_1110vabs(diax(cur_xl 1 diay(cur_yll; 
cur3 = oper _y(cur_xl; 
_rlnabs(diax(cur_xl, diay(cur_yll; 
_movabs(diax(cur_xl, diay(cur_yll; 

delln O; 
overshot= x_bott - cur_x; 

_setcolor(GREENl; 
_movabs(diax(x_bottl, diay(x_bottll; 
_lnabs(diax(opl(1](2]l, diay(opl[2][2]ll; 
_setcolor(BRO\l,ll; 
__ lnabs(diax(x_feedl, diay(x_feedll; 

} 

if (probtype = RECTIFYl 
{ 

} 

_setcolor(GREENl; 
_110vabs(diax(x_distl 1 diay(x_distll; 
_lnabs(diaxlopl(ll(lJl, diay(opl[2][1Jll; 
_setcolorlB~I; 
_lnabs(diax(x_feedl, diay(x_feedll; 

cur_x = opl[ll(lJ; 
cur 3 = opl(2](1l; 
_setcolor(lfiITEl; 
_raovabs(diaxlcur_xl, diay(cur_yll; I• Feed Location •I 

for Ii= 1; i <= nostages; i++l 
{ 

} 

cur_y = equil3(cur_xl; 
_rlnabs(diax(cur_xl, diay(cur3ll; 
_1110vabsldiaxlcur_xl 1 diaylcur3ll; 
cur_x = oper_x(cur3l; 
_rlnabs(diaxlcur_xl, diay(cur _yll; 
_10vabs(diax(cur_xl, diay(cur3ll; 

dellnO; 
overshot= cur_x - x_dist; 

_setcolor<GREENl; 
_movabs(diax(x_distl, diay<x_distll; 
_lnabs(diax (opl tll ml, diay(opl (2] C1J l l; 
_setcolorlBROl•o; 
_lnabs(diax(x_feedl, diay(x_feedll; 

if (lprobtype = SitaEl && lopti11alll 
{ 

_setcolor(GREEN>; 
_110vabs(diax(opl(ll(lll, diay(opl[2l(1lll; 
_lnabs(diax(opl(1](2ll, diay(opl[2J(2lll; 
_lnabs(diaxlopl(1l(3ll, diay(opl(2](3lll; 
_setcolor(B~l; 
_1110vabs(diax(opl[1l(2Jl, diay(opl(2J(2Jll; 
_lnabs(diax(x_feedl, diay<x_feedll; 
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cur_x = opl[l](l]; 
cur..:1 = opl[2][1J; 
_setcolor<WHITEl; 
_1110vabs(diax(cur_xl, diay(cur..:1>>; /t Feed Location t/ 

for (i = 1; i (= nostages; i++l 
{ 

} 

curJ = equilJ(cur_xl; 
_rlnabs(diax(cur_xl, diay(cur..:1>>; 
_movabs(diax(cur_xl, diay(cur Jll; 
cur_x = oper_x(cur..:1>; 
_rlnabs(diax(cur_xl, diay(cur Jll; 
_DIOvabs(diax(cur_x), diay(cur..:1>>; 

delln(l; 
overshot= cur_x - x_dist; 

_setcolor(GREENl; 
_movabs(diax(opl[l][l]l, diay(op1[2][1])); 
_lnabs(diax(opl[ll(2ll, diay(opl[2][2lll; 
_lnabs(diax(opl(1][3J), diay(opl(2J[3]ll; 
_setcolor(B~l; 
_ill0vabs(diax(opl[1](2]), diay(opl(2](2])l; 
_lnabsldiax<x_feedl, diay(x_feedll; 

if (lprobtype = SitaEl && l'optiaal)) 
{ 

t ■p_x = opl(1][2J; 
tmpJ = opl[2][2]; 

if ltop_to_bottl 
{ 

_setcolorlGREENl; 
_!IIOVabs(diax(opl[1][3Jl, diay(opl[2][3]ll; 
_lnabs(diax(opl[1][2l>, diay(opl[2][2Jll; 
_110vabs(diax(ofx), diaylofyll; 
_lnabs(diax(opl[l][lJl, diay(opl[2J[l]ll; 
_setcolor<B~l; 
_110vabs(diax(ofxl, diay(ofyll; 
_lnabs(diax(x_feedl, diaylx_feedll; 

cur_x = opl[ll(3J; 
curJ = opl[2JC3l; 
_setcolor(lfiITE>; 
_lllOVabs(diaxlcur_x>, diaylcur..:1>>; 

for (i = 1; i <= nostages; i++) 
{ 

cur_x = equil_x(cur..:1>; 
_rlnabs(diax(cur_xl, diay(curJll; 
_movabs(diax(cur_x>, diay(cur..:1>>; 
if Ii= feedtray) 
{ 

if (cur_x l ofx> 
{ 
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overshot= -1.0; 
break; 

op1[1](2J = ofx; 
opl[2)[2] = ofy; 

cur_y = oper _y(cur_xl; 
_rlnabs(diax(cur_xl, diay(cur_yll; 
_movabs(diax(cur_xl, diay(cur_yll; 

overshot= cur_x - x_!:Jott; 
} 

dellnO; 

_setcolor!SREEN>; 
_~ovabs(diax(opl[1)[3ll, diay(opl(2l(3lll; 
_lnabs(diax(opl[1l(2ll, diay(opl(2J[2lll; 
_RIOvabs(diax(ofxl, diay(ofyll; 
_lnabs(diax!opl[ll[lll, diay(opl(2l(llll; 
_setcolor(B~>; 
_JWOvabs(diax(ofxl, diay(ofyll; 
_lnabs(diax(x_feedl, diay(x_feedll; 

if (bott_to_top) 
{ 

_setcolor(SREEN>; 
_IIIOvabs(diax(opl(ll[lll, diay(opl[2J(1lll; 
_lnabs(diaxlopl(1l(2ll, diay(opl(2J[2Jll; 
_1110vabs(diax(ofxl, diay(ofyll; 
_lnabs(diaxlopl(1)(3ll, diay(opl(2J[3lll; 
_setc:olorlBRIM>; 
_movabs(diax(ofxl, diay(ofyll; 
_lnabs(diax(x_feedl, diay(x_feedll; 

cur_x = opl[1)[1J; 
cur_y = opl[2][1l; 
_setcolor!WHITEl; 
_rnovabs(diax(cur_x>, diay(cur_yll; 

for Ii= 1; i <= nostages; i++l 
{ 

cur_y = equil_y(cur_xl; 
_rlnabs(diax(cur_xl, diay(cur_yll; 
_1110vabs(diax(cur_x>, diay(cur_yll; 
if (i = feedtrayl 
{ 

} 

if (cur_y < ofyl 
{ 

} 

overshot= -1.0; 
break; 

opl[1](2] = ofx; 
oplC2l[2l = ofy; 

cur_x = ooer_x(cur _yl; 
_rlnabs(diax(cur_x>, diay(cur_yll; 
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_aovabs(diax(cur_xl, diay(cur_yll; 

overshot= cur_x - x_dist; 
} 

dellnO; 

_setcolor(GREENl; 
_movabs(diax(opl(ll(1Jl, diay(ool(2J(l]ll; 
_lnabs(diax(oplC1J(2Jl, diay(opl(2J(2Jll; 
_movabs(diax(ofxl, diay(ofyll; 
_lnabs(diax(oplC1J(3Jl, diay(oplt2l(3Jll; 
_setcolor(B~l; 
_!110vabs(diax(ofxl, diay(ofyll; 
_ll'labs(diax(x_feecll, diay(x_feedll; 

oplt1J(2J = t1p_x; 
oplC2JC2J = tap_y; 

} 

_setxor(Ol; 

return(overshotl; 

int curr_val(txtl 
char ttxt; 
{ 

} 

int tmp; 

_setviewport (~MNX1, t«JRl£NY1, f()Rll£NX2, r«JRll£NY2, GREEN, GREY); 
_setNOrld(0.01 0,01 1000.01 1000,0l; 
_setext<l,1,0,ll; 
_settextclr(lifiITE, RED>; 
attext<TITL£X, TITLEY,• Tl£ OJRRENT ~LE IS "l; 
_settextclr(Yfilfll, GREY>; 
attext(200.0, STITLEY, txtl; 
attext(TXTX, TXT1Y, •04& Vii.LE"); 
attext(TXTX, TXT2Y, 'LEAVE LNSPECIFIED'l; 
attext(TXTX, TXT3Y, 'NO OiANSE"l; 
deltcurO; • 
tap= aenubox(3, BLOCK, MGENTAl; 

return(t■pl; 
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/f 

f/ 

Last Revision 
5/2/86 

Contains the follotfing procedures: 

SinglecalcO 
Singlecol 0 

tinclude (aath.h) 
tinclude <color.h> 
tinclude <stdio.h> 
tinclude (acext.h) 

singlecol 0 
{ 

char laabda(35l; 
int option, 

cond _option, 
values; 

probtype = SIG.E; 

do 
{ 

_setvi~oort (norcoaxl, norco.yl, norcoax2, norcomy2, GREEN, 6R£Yl; 
_setNOrld(0,01 0,01 1000,01 1000,0l; 

_setext(l,1,0,ll; 
_settextclr(llilTE, Bl.LE); 
attext!TITLEX, TITL£Y, "SltG..E FEED"l; 
attext(TITLEX, STITL£Y," C[l_Uf4 "l; 
_settextclr(Yfill:M, 6REYl; 
attext(TXTX, TRilY, "DISTILLATE"); 
attext(TXTX, STRilY, "CtJl!POSIT'N"l; 
attext(TXTX, TRI2Y, "FEED"l; 
attext<TXTX, STRI2Y, "CtJl!POSIT'N"l; 
attext!TXTX, TRI3Y1 "BOTTCJIIS"l; 
attext(TXTX, STRI3Y, "COMPOSIT'N"I; 
attext(TXTX, TRI4Y, "REFLUX">; 
attext(TXTX, STRI4Y, "RATIO"); 
attext(TXTX, TRI5Y, "UBER IF"l; 
attext(TXTX, STRI5Y, "STAGES"!; 
_settextclr!GREEN, GREY!; 
attext(TXTX, TXT6Y, "BEGIN"); 
at text mrx, STXT6Y, "al.auT' N" l; 
attext!TXTX, TXID, 10R&:1 l; 
attext!TXTX, STXID, •~ITl[)IS"l; 
attext<TXTX, TXTSY, "RETURN">; 

if (x_dist != -1.0l 
{ 
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} 

else 
{ 

_settextclr(lit!ITE, SREY); 
sprintf(laabda, • ~.Jg•, x_distl; 
attext <TXTX, VTRilY, laabdal; 
_settextclr(L_BLUE, SREY!; 
attext(0.0, TXT1Y1 "I"); 

_settextclr(WHITE, GREY); 
attext(TXTX, VTRilY, • __ "l; 

} 

if (x_feed 1= -1.0l 
{ 

} 

else 
{ 

_settextclr(iiliITE, GREYl; 
sprintf(laabda, • %,3g", x_feedl; 
attext(TXTX, VTRI2Y, laabdal; 
_settextclr(L_Bll.£, GREY); 
at text (0, 01 TXT2Y, •1• l; 

_settextclr(lfiITE, GREY>; 
attext<TXTX, VTRI2Y, • __ "l; 

} 

if (x_bott 1= -1.0) 
{ 

} 

else 
{ 

_settextclr(lfiITE, GREY>; 
sprintf(laabda, • %,39 1

1 x_bottl; 
attext(TXTX, VTRI3Y, laabdal; 
_settextclr(L_Bll.£, GREY); 
attext(0,0, TXT3Y, 1 1 1

); 

_settextclr(lfiITE, GREY>; 
attext <TXTX, VTRI3Y, • __ "); 

} 

1f (rratio != -1.0l 
{ 

} 

else 
{ 

_settextclr(lfiITE, GREY!; 
sprintf(laabda, • ~.39 1

1 rratiol; 
attext(TXTX, VTRI4Y, laabdal; 
_settextclr!L_Bl.1£, GREY>; 
attext(0,0, TXT4Y, •11); 

_settextclr(lfiITE, GREY>; 
attext(TXTX, VTRI4Y, • __ "l; 

} 

if (nostages 1= 0l 
{ 

_settextclr<lfiITE, GREY!; 
sprintf(laabda, • ~•, nostagesl; 
attext(TXTX, VTRI5Y, laabdal; 
_settextclr(L_Bll.£, GREY); 
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attext(0.0, TXID, "+"l; 
} 

else 
{ 

_settextclr(lfiITE, GREY); 
attext<TXTX, VTRISY, • ___ "l; 

} 

del tcur (); 

option= 11enubox(8, BLOCI<, i'IAGENTAl; 

SNitch<optionl 
{ 

case 1: /+ Distillate Collp. +/ 
if <x_dist '= -1.0l 
{ 

} 

if 

sprintf(laabda, "J.3g", x_distl; 
option= curr_val(laabdal; 

if (option= 2) 

{ 

x_dist = -1.0; 
break; 

} 

if (option = 3) 

break; 

(riork O) 

x_dist = 10use_x(l; 
else 

x_dist = key_x("!lll..E FRACTI()I Cf LISHT", 
"COMPOENT IN DISTILLATE">; 

break; 
case 2: /+ Feed Coap, +/ 

if (x_feed != -1.0l 
{ 

} 

sprintf(laabda, "J,3g", x_feedl; 
option= curr_val(lc111bdal; 

if (option= 2) 
{ 

} 

x_feed = -1.0; 
break; 

if (option= 3) 

break; 

if (110rkOl 
x_feed = 10use_x<l; 

else 
x_feed = key_x<"n.E FRACTI()I Cf LISHT", 

"W.P<JENT IN FEED"); 
break; 

case 3: /+ Bottoas Coaposition +/ 
if (x_bott != -1.0l 
{ 
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sprintf(laabda, "%.3g", x_bottl; 
option= curr_val(laabdal; 

} 

if (option = 2) 

{ 

} 

x_bott = -1. 0; 
break; 

if (option= 3) 
break; 

if (1110rkO) 
x_bott = 10use_x(l; 

else 
x_tiott = key_x l"nE FRACTION IF LISHT", 

"COMPCMNT IN BOTTIJIIS"l; 
break; 

case 4: 
if lrratio != -1.0) 
{ 

/f Reflux Ratio f/ 

sorintf(la11bda,"%.3g CDIST/REFLUXl",rratiol; 
option= curr_val(la11bdal; 

} 

if (option= 21 
{ 

} 

rratio = -1. 0; 
bruk; 

if (option= 3) 
break; 

_setviewport (norcoaxl, norrol)'l, norc:oax2, norcoay2, GREEN, SREY); 
_setworldl0.0, 0.0, 1000.0, 1000.0l; 

_setext(l,1,0,ll; 
_settextclr(lfilTE, BllEl; 
attext(TITLEX, TITLEY, • REFLUX "l; 
attext(TITLEX, STITLEY, • RATIO "l; 
_settextclr(YlliCJI, SREY>; 
attext(TXTX, TXTlY, "EXTEM.."l; 
attext<TXTX, STXTlY, • !D/U"l; 
attext<TXTX, TXT2Y, "INTERrA.."l; 
attext ITXTX, STXT2Y, • IL/VJ "l; 
deltcurO; 
option = aenubox (2, BUO<, ~Al ; 

if (option = 1l 

else 
{ 

} 

rratio = key_xl"EXTEM.. REFLUX RATIO", 
"!DISTILL I REFLUX FLOWSJ"l; 

float t■pl; 

t■pl = key_x("INTEM.. REFLUX RATIO", 
"(LIQUID/ VAPOR FLOWSJ"J; 

rratio = (1.0/t■pll - 1.0; 
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break; 
case 5: /1 NU11ber of Stages 1/ 

if !nostages != 0l 
{ 

} 

sprintf(lambda, "%d STAGES", nostagesl; 
option= curr_val(lc111bdal; 

if (option = 2) 

{ 

} 

nostages = 0; 
break; 

if (option= 3) 

break; 

nostages = key_x("t«JIBER CF Tl£0RETIOl.", 
"EOOILIBRIIJII STAGES">; 

break; 
case 6: /1 Begin Calculations 1/ 

singlecalcO; 
break; 

case 7: 
draN_cond(1l; /1 dra.. in "•!nu" color scheae 1/ 
cond_option = alter_cond(l; 
if (cond_option = 1) /t opti1al feed tray t/ 
{ 

feed_locO; 
} 

if (cond_option = 2) 
{ 

q = feedcond Cl ; 
} 

if (cond_option = 3) 
{ 

eqlaenuO; 
} 

/t feed condition t/ 

/t equilibriWI t/ 

dra.._cond(0l; /t dra.. in display color scheae 1/ 

break; 
case 8: /t No Change t/ 

} 

option :z O; 
break; 

} Nhile (option); 

int singlecalc() 
{ 

float cur _x, cur ..:t, n, ay; 
int specified, solvfor, bt, i; 
float t111>_x, t■pJ; 

specified = O; 

if (x_dist = -1.0l 
solvfor = 1; 
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else 
specified++; 

if (x_feed = -1.0l 
solvfor = 2; 

else 
specified++; 

if (x_bott = -1.0l 
solvfor = 3; 

else 
specified++; 

if (rratio = -1.0l 
solvfor = 4; 

else 
specified++; 

if Cnostages = Ol 
solvfor = 5; 

else 
specified++; 

if C!eqltypel 
{ 

ertieSs(S, 
• AN", 
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• EOOILIBRilJII", 
• LrtE lil.lST" , 

} 

~IRST BE", 
H SPECIFIED.">; 

return(Ol; 
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if (specified <= 3) 
{ 

/f under specified probll!II 1/ 

} 

ertieSs(5, 
• ~ TEAST FOOR", 

l:F TIE", 
• VARIAILES", 
• llJST BE", 
• SPECIFIED.">; 

return(Ol; 

• if (specified l= 5) 
{ 

/f over specified probll!II 

} 

ertieSsCS, 
• ATLEAST (}£", 

• l:F TIE", 
• VARIABI..ES", 

ltJST BE•, 
• I..NSPECIFIED."l; 

return(Ol; 

f/ 
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if ((x_dist <= x_feedl && (x_dist != -1.0ll 
{ 

ertieSs(7, 
• COMPOSITION" I 
"OF THE LIGHT" I 
"C()IPOENT IN" I 
"FEED fllUST BE" I 
• LESS THAN" I 
• THAT OF Tl£" I 
• DISTIL.UlTE. "l; 

return(0l; 
} 

if ((x_feed <= x_bottl && (x_feed != -1.0ll 
{ 

eraess<7, 
• COMPOSITION" I 
"OF Tl£ LIGHT" I 
"C()IP!JtENT IN" I 
• FEED fllUST BE" I 
"GREATER ra:lN" I 
• THAT OF Tl£" I 

BOTT()IIS. • l ; 
return<0l; 

} 

if ((x_dist <= x_bottl && <x_dist != -1.0ll 
{ 

} 

ertieSs<7, 
• COMPOSITION" I 
"[f' TIE LIGHT" I 
"C()IPOENT IN" I 
"BOTTCJIIS lt.lST" I 
"BE LESS~•, 
• THAT [f' TI£' I 
• DISTIL.UlTE. "l; 

return(0l; 

if (nostages < 0l 
{ 

ertlE!Ss(5, 
I A t£6ATIVE' I 
I t«.MBER OF' I 
I STASES 1-Ri' I 
I BEEN', 
I SPECIFIED.'); 

return(0l; 
} 

if ((!optiaall " <nostages ( feedtrayl && (nostages != 0ll 
{ 

ertiess<6, 
• Tl£ FEED •, 
'TRAY UBER' I 
• IS GREATER' I 
I THAN Tl£', 
• NIJIIBER [f'' I 

• STAGES "l; 
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return(0l; 
} 

if ((rratio ( 0,0) && (rratio != -1.0)l 
{ 

eraess<3, 
• TI£ REFLUX", 
"RATIO IIUST BE", 
"NOrf£GATIVE, '); 

return(0l; 
} 

_setviewport(0.0, 0.0, 0.66, 1,0, -1, BUlCK>; 
_setNOrld(0,01 0,01 660.0, 1000,0); 
draw_diaO i 
draw_eql (); 

operpts = 3; 

/1 Solving for the Nt11ber of Trays in a Single Feed Colwm 1/ 
if (solvfor = 5) 
{ 

char laabda[20J; 
int stagetrk; 

if ( I C:Opline (1)) 

{ 

eraess( 4, 
"Tl£ SPECIFIED" I 
I SYSTEJII IS" I 
• PHYSICALLY" I 
I Il'IPOSSIBLE") i 

return!O); 
} 

if (opt i11c1l) 
{ 

cur_x = opl[lJ[lJ; 
cur ..:t = opl[2JC1J; 
_setc:olor<.,.ITE>; 
_aovabs(diax(cur_x>, diay<cur_y)l; 

stai;ietrk = 0; 
while (cur_x < x_dist) 
{ 

} 

cur..:t = equil..:t<cur_x>; 
_lnabs(diax(cur_x>, diay(cur.:1>>; 
cur_x = oper_x(cur_y); 
_lnabs(diax<cur_x>, diay<cur.:1>>; 
stagetrk++; 

nostages = stagetrk; 
} 

else 
{ 

t ■p_x = opl(1][2J; 
t■P..:t = oplC2J[2J; 
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if (top_to_bottl 
{ 

_setcolor(GREENl; 
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_ill0vabs(diax(opl[1][3]l, diay(opl[2][3Jll; 
_lnabs(diax(opl[l][2ll, diay(opl[2][2]ll; 
_oovabs(diax(ofxl, diay(ofyll; 
_lnabs(diax(opl(lJ(lll, diay(opl[2J[l]ll; 
_setcolor(B~l; 
_rovabs(diax(ofxl, diay(ofyll; 
_lnabs(diax(x_feedl, diay(x_feedll; 

cur_x = opl[1J(3J; 
cur_y = opl[2J(3J; 
_setcolor!WHITE); 
_movabs(diax(cur_x), diay(cur_y)l; 

i = O; 
llhile ((cur_x > x_bott) :: (i ( feedtrayl) 
{ 

} 

i++; 
cur_x = equil_x(cur_yl; 
_lnabs(diax(cur_xl, diay(cur_yll; 

if (i = feedtrayl 
{ 

} 

if (cur_x > ofx) 
{ 

} 

ermess( 4, 
"Tl£ SPECIFIED" I 
• svsrr111 rs·, 
• PHYSICAllv■, 

• !~POSSIBli" >; 
return(Ol; 

opl[1J(2J = ofx; 
opl(2]C2J = ofy; 

cur_y = oper_y(cur_x>; 
_lnabs(diax(cur_xl, diay(cur_yll; 

nostages = i ; 
} 

if (bott_to_topl 
{ 

_setcolor(SREEN>; 
_1110vabs(diax (opl(1J(1J), diay(opl[2J (1]) l; 
_lnabs(diax(opl[ll(2Jl, diay(opl[2J(2Jll; 
_1110vabs(diax(ofx), diay(ofyll; 
_lnabs(diax(opl(1JC3ll, diay(oplC2l(3Jll; 
_setcolor<B~>; 
_110vabs(diax(ofx), diay<ofy>>; 
_lnabs(diax<x_feedl, diay(x_feedll; 

cur_x = opl(lJ[llj 
cur_y = opl(2J(1J; 
_setcolor<WHITE); 
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_1110vabs(diax(cur_xl 1 diay(cur_yll; 

i = O; 
while ((cur_x < x_distl : : {i < feedtray)) 
{ 

} 

i++; 
cur_y = equil_y(cur_xl; 
_lnabs(diax(cur_xl, diay<cur_yll; 
if (i = feedtrayl 
{ 

} 

if (cur_y < ofyl 
{ 

} 

erESs( 41 

"Tl£ SPECIFIED" I 
• SYSTEM IS" I 
• PHYSICll.LY", 
I Ii'IPOSSIIU"); 
return(O); 

opl[1][2J = ofx; 
opl[2J[2J = ofy; 

cur_x = oper_x(cur_yl; 
_lnabs(diax(cur_xl, diay(cur_yll; 

nostages = i; 
} 

opl(1][2J = tsp_x; 
opl[2J[2J = t■p_y; 

sprintf(laabda, "%d STAGES", nostagesl; 

_setvieNport <norcoaxl, norco11Yl, norcoax2, norcollY2, GREEN, SREY); 
_sehorld(O.O, 0,0, 1000,01 1000.0l; 

_setext(2,1,0,1l; 
_settextclr<WHITE, REDl; 
attext(40,0, 850,0, • Tl£ ANSIER ">; 
_setext U, 11 o, 1l; 
_settextclr<YB.UJI, SREYl; 
attext(210,0, 700,0, 1 FOR TlE"l; 
attext(210.0, 650,0, "DESIRED">; 
attext<70,0, 600.0, MSEPARATI()l,"l; 
attext<140,0, 500,0, laabdal; 
attext!70,01 450,0, "ARE NEEDED,">; 

_settextclr(L_SREEN, SREY>; 
if (110use_in_use) 
{ 

} 

else 

attext!160,0, 250,0, "0.ICK ANY">; 
attext(10,0, 200,0, "BUTT()! ()I TI£"); 
attext(160,0, 150.01 

1 l«l.lSE TO"); 
attext(160.0, 100,0, "C()ITIME."l; 
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} 
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attextCl0,0, 250.0, •HIT ANY KEY"l; 
attext(10,0, 200.0, "ON KEYBOARD"); 
at text <10. o, 150. o, "TO c°'mu. "l; 

deltc:urO; 

sleep(); 

return Cl); 
} 

/4 Solve for the Distillate C:O.position 4/ 

if Csolvfor = 1) 
{ 

int i; 
float c:ur_x, c:ur_y, overshot, upper, lONer; 

upper= 1.0; 
lONer = x_feed; 

do 
{ 

x_dist = ((upper - lONerl/2) + lOIEl"j 

if (c:opli ne <21 I 
{ 

} 

else 
{ 

} 

i++; 

over5hot = trial(); 
if (overshot ) 0,0) 

lOIEI" = x_dist; 
if (overshot ( 0.0) 

upper= x_dist; 
if (overshot = 0, 0l 

break; 

upper= x_dist; 
overshot = 1. O; 

if (i = 25) 
{ 

} 

l!l"ESS ( 4, 
"TIE SPECIFIED", 
• SYSTEM IS", 
• PHYSICSUY", 
• IMPOSSI!l.E" l ; 

x_dist = -1. 0; 
return<0l; 

} Nhile (fabs(overshotl l 0,0011; 

draw_ans1ErO; 
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return Ill; 
} 

/1 Solve for Feed Collposition 1/ 
if (solvfor = 2) 
{ 

} 

int i; 
float overshot, upper, lONe!"j 

upper= x_dist; 
lONer = x_bott; 
i = 0; 
do 
{ 

x_feed = ((upper - lONerl/2l + lONer; 

if <coplinel2ll 
{ 

overshot = trial < l ; 
if (overshot l 0.0l 

upper = x_feed; 
if (overshot < 0.Ol 

lowr = x_feed; 
if (overshot= 0.0l 

break; 
} 

else 
{ 

lowr = x_feed; 
overshot = 1. 0; 

} 

if (++i = 18) 
{ 

} 

eraess< 4, 
"TIE SPECIFIED" I 
I SYSTEM IS"' 
• PHYSI~Y•, 
I Il'IPOSSUl.E"); 

x_feed = -1.0; 
return(Ol; 

} Nhile (fabs(over5hotl > 0.001); 

draN_anSNerO; 
return(l); 

/I Solve for the BottOIIS Collposition I/ 
if (solvfor = Jl 
{ 

int i; 
float cur _x, cur _y, overshot, upper, lowr; 

upper= x_feed; 
!Ole' = 0. 0; 

do 
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x_bott = ((upper - lONer)/2) + lOMer; 

if Ccopli ne (2)) 

{ 

overshot= trial(>; 
if (overshot> 0.0) 

upper= x_bott; 
if (overshot ( 0.0) 

lONer = x_bott; 
if (overshot= 0.0) 

break; 
} 

else 
{ 

lOtEr = x_bott; 
overshot = 1. 0; 

} 

i++; 
if (i = 20) 
{ 

} 

ertleSS( 41 

"TI-£ S~CIFIED", 
I SYSTEM IS" I 
• PHYSICR..I. y• I 
• I~POSSHl.E" l ; 

x_bott = -1.0; 
return(0); 

} lllhile Cfabs(overshotl > 0.001>; 

dra111_ansNer O; 
return(!); 

I• Solve for Reflux Ratio •I 
if (solvfor = 4) 
{ 

int i; 
float overshot, upper, lC>Ner; 

upper = 100. O; 
l<M!I" = o.o; 

i = O; 
do 
{ 

rratio = ((upper - lONer)/2) + lOMer; 

if (copline(2)) 
{ 

overshot = trial O ; 
if (overshot> 0.0) 

lOMer = rratio; 
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if (overshot ( 0.0l 
upper= rratio; 

if (overshot= 0.0l 
break; 

} 

else 
{ 

upper= rratio; 
overshot = 1. 0; 

} 

i++; 
if (i = 30) 
{ 

erteSs( 4, 
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"Tl-£ SPECIFIED", 
I SYSTEM IS"' 

} 

I PHYSICIU. y•' 
I IJl!POSSIBl.£1

); 

rratio = -1.0; 
return(0l; 

} Nhile (fabs(overshotl > 0.001); 

drcltll _ an5111er O ; 
return(ll; 
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This file contains the following procedures: 

I/ 

d iax () 
diay() 
invdiax () 
invoiayO 
draw_diaO 
status(). 

dotmatrix () 
menubox () 
_get ch() 

tinclude <stdio.h) 
#include <color.h) 
tir.clude {11ath.h) 
#include <acext.h) 

f!oat diaxO, diayO, invdiaxO, invdiayO; 

float diax (x) 
float 
{ 

} 

x· I 

float xint; 
float anstEr; 

~int= fabs(DIAX2 - DIAXll; 
answer= (float) (DIAXl + xint t x>; 
return(anstEr); 

float invdiax (x) 
float 
{ 

} 

x· I 

float xint; 
float ans.r; 

xint = fabs(DIAX2 - DIAXll; 
answer= (float) ((x - DIAXl)/xint>; 
return(ansNerl; 

float diay(y) 
ic:oat Yi 
{ 

float yint; 
float anst1er; 

yint = fabs(DIAY2 - DIAY1l; 
answer= (float) (DIAYl + yint t yl; 
return(ansMerl; 
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} 

float invdiay(yl 
float Yi 
{ 

} 

float yint; 
f!oat ansNer; 

yint = fabs(DIAY2 - DIAY!l; 
answer= (float) (!y - DIAYll/yintl; 
':"eturn(ansiErl; 

draw_dia(l 
{ 

int i; 

_setcolor!CY~l; 
_1110vabs ( (diaK 10. Ol l, (diay CO. 01 l l ; 
_lnabs((diaK(l.0)), (diay(0.0))); 
_!nabs((diaKl1.0ll, (diay(1.0lll; 
_lnabs(diaK 10. Ol, diayl1. Ol l; 
_lnabs(diaK(O.Ol, diay<0.0)) i 
_lnabs(diaK ( 1. OJ, diay(1. Ol l; 

/f y-aKis tick narks t/ 

for (i = O; i <= 10; i++l 
{ 

_fllOvabs(diaK(O.Ol, diay(1.0 - i/10.0ll; 
_lnabs(diaK(-0.02), diay(1.0 - i/10.0)); 

} 

/f K-aKis tick narks 1/ 

for Ii= O; i <= 10; i++l 
{ 

_110vabs(diaK{1. 0 - i/10.0l, diay<O.O»; 
_lnabs(diaxll.O - i/10.0l, diay(-0.02)1; 

} 

/1 y-axis title 1/ 
_seteKtll,1 1 1,11; 
_setteKtclr<YELLIJI, ll.OCKI; 
at text 110. O, 280. O, •y, LISHTER COMP. IN VAPOR" I; 

/f 1<-aKis title 1/ 
_setextll,1,0,11; 
_setteKtclr!YaLIJI, ll.OCKl; 
attext!O. O, DIAY1-60.0, •x, LISHTER COMP. IN LI!J.JID"I; 

_setext<1, 1, O, 11; 
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_settextclr(CYAN, BLACKl; 
attext!0.01 diay(l.Ol, "1.0" l; 
attext (0,0, diay(O,Ol, •o. O"l; 
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at text (diax (-0. 075), DIAYl-25. O, "0, 011
); 

attext (diax (0. 925), DIAYl-25. O, • 1. 0" l; 

_setcolor(6REENl; 
_~ox(660,0, 0.0, 999.0, 999.0l; 

_setext(l, 1101 1); 
_settextclr(6REEN, Bl.ACK); 
attext(67S.O, 975.0, "l'k:CABE-THIELE"l; 
attext(?S0.01 950.0, "DIAGRAM"l; 

if (mouse_in_usel 
{ 

} 

else 
{ 

} 

_settextclr(WHITE, REDl; 
attext(67S.0, 50.0, • CLICK fllOlJSE "l; 
attext(67S.O, 25.0, "FOR JIIAIN JIEMJ"l; 

_settextclr(~ITE, RED>; 
attext(67S.O, 50.01 • HIT ANY KEY "l; 
attext(67S.O, 25.0, "FOR MIN JIEttJ"l; 

status O; 
draN_cond(Ol; 

del tcur(); 

status() 
{ 

float offset; 
char laabda[30l; 

switch (eql type) 
{ 

case IMl.ATILE: 
_setterlclr!L_SREEN, BLOO<l; 
attext(?S0,01 900.0, "RELATIVE"l; 
attext!725.0, 875,0, "VliATILITY"l; 
_settextclr(lfiITE, BLOO<l; 
sprintf(laabda, "%9 1

, alpha); 
attext(750.0, 825.0, laabdal; 
break; 

case USERSPEC: 
_settextclr!L_SREEN, BLOO<l; 
attext(670.0, 900.0, "EGUILBRM Lit£"l; 
attext(670.0, 875.0, "USER DEFll'ED"l; 
break; 

default: 
break; 

} 
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_settextclr(GREEN, BLACK); 
switch (probtypel 
{ 

case RECTIFY: 
attext(670.0, 775.0, • RECTIFYI~'l; 
attext(670.01 750.0, • SECTION"); 
~reak; 

case STRIP: 
attext(670.0, 775.01 • STRIPPING"); 
attext(670.0, 750.01 " SECTION"); 
break; 

case SIN61..E: 
attext(670.0, 775.0, • SINGLE FEED"l; 
attext(670.0, 750.01 • COLIJl'IN"l; 
:ireak; 

default: 
:ireak; 

} 

offset= 75.0; 
_settextclr(L_SREEN, BLACK>; 
if (((probtype = RECTIFY> : : (probtype = SINSLEll 

&& (x_dist != -1.0ll 
{ 

} 

_settextclr(L_GREEN, BLACK>; 
attext(670.0, 700.01 • DISTILL COMP"); 
sprintf (laabda, "%. 3g", x_distl; 
_settextclr(WHITE, Bl.ACK); 
attext(TT0.01 675,01 laabdal; 
offset= 0.0; 

if (x_feed != -1.0l 
{ 

_settextclr(L_SREEN, Bl.ACK>; 
attext(670.0, (625,0 + offset), " FEED COMP"l; 
sorintf(laabda, "%,3g", x_feedl; 
_settextclr(~ITE, Bl.ACK); 
attext(TTO.O, (600,0 + offset), laabdal; 

} 

if < ((probtype = STRIP> : : (probtype = SINGLE» 
&& (x_bott 1= -1.0ll 

{ 

_settextclr<L_SREEN, BLACK>; 
attext(670.0, (550,0 + offset), • BOTTIJIS COMP"); 
sprintf(lambda, "%, 3g", x_bottl; 
_settextclr(WHITE, Bl.ACK); 
attext(TT0.01 (525.0 + offset>, laabdal; 

} 

if (((probtype = RECTIFY> ::(probtype = STRIP>> && (opslope != -1.0ll 
{ 

_settextclr(L_GREEN, Bl.ACK); 
attext(670.0, (475.0 + offset>, 1 0P£RATN SLOPE">; 
sprintf(lc111bda, "%.3g", opslopel; 
_settextclr(WHITE, Bl.ACK); 
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attext(770.0, (450.0 + offset), lc1111bdal; 
} 

if ((probtype = Sinf:l && (rratio != -1.0ll 
{ 

_settextclr(L_SREEN, BLACK); 
attext (670.0, (475.0 + offset), "REFLUX RATIO"); 
sprintf(laJ1bda, •i.3g", rratiol; 
_settextclr(WHITE, BLACKl; 
at text (770. o, (450. 0 + offset), la11bdal; 

} 

:f (!'\Ostages != 0l 
{ 

_settextclr(L_GREEN, BLACK>; 
attext(670.0, (400,0 + offset), "NIJlll OF STAGES"); 
·sorintf(lambda, "%<!", nostagesl; 
_settextclr<WHITE, Bl.ACK); 
attext(800,0, (375.0 + offset), laabdal; 

} 

deltcurO; 

dotratrix 0 
{ 

int i; 

_setvie.port(O.O, 0,0, 1.0, 1.0, -1, ~); 
_set1110rld(0,0, 0,0, 1000,0, 1000,0l; 
dra•_diaO; 

if (grid) 
{ 

_setcolor (l_BU.El ; 
for (i = 1; i <= S; i++l 
{ 

_uovabs(diax(O,lti), diay(0.0ll; 
_lnabs(diax(O.ltil, diay(1,0ll; 
_IIOVabs(diax(O.O), diay(0.1ti)I; 
_lnabs(diax<1.0I, diay(0,ltill; 

} 

} 

/f 

Draws Equilibrium line in B~ so that 
it •ill be shown on the Dot lilatrix Printer. 

f/ 

if (eqltypel 
{ 

_setcolor(B~>; 
_1110vabs(diax(eql[lJC0Jl, diay(eql[2J(0lll; 

for (i = 1; i <= points; i++I 
{ 

_lnabs(diax (eqHlHil l, diay (eql(2J Ci] l I; 
} 



} 

I• 

f/ 
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} 

dra1o1_ansNerO; 

_setgprint (ll; 
gprint O; 
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The following routine i.as uodated on Nov 16, 1985 to include 
the possibility of not have the 110use as a oointing device, 
#ith these additions, the keyboard can be used as an inout 
device. The global flag 'mouse_in_use' deten1ines liihich method 
to use. 

int 1enubox (nua, before, after) 
int nU1111 before, after; 
{ 

float boxrad = 40. O, 
xcen = 100. o, 

/1 radius of the aenu boxes 
/1 x value of the box center 1/ 
/1 y value of the box center 1/ ycen; 

int i, 
chosen; 

/1 a counting variable 1/ 
/1 a box choice flag 

for (i=l; i(=nUllj i++) 
{ 

/1 draNS icons on screen 1/ 

} 

ycen = '300,0 - (it100.0); 
_setcolor(beforel; 
_illOvabs (xcen - boxrad, ycen + boxradl; 
_:nabs(xcen + boxrad, ycen + boxradl; 
_lnabs(xcen + boxrad, ycen - boxradl; 
_:na:is<xcen - boxrad, ycen - boxradl; 
_:nabs(xcen - boxrad, ycen + boxradl; 

if (1110use_in_usel 
{ 

_setlocator(3, 1l; /1 pre!)aration of crosshair cursor 1/ 
_orglocator(xcen, 900.0>; 
_inithcur(10.0, 10.0, 7); 

f/ 

chosen= O; 
i.hile (~chosen) 
{ 

/f while a box is not chosen t/ 

float RX1 ll)'j 

int bt, inside, old_inside; 

readlocator(&tlx, &lly, &btl; 

_1110vhcurabs(1x, ;y); 

old_inside = inside; 
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inside= O; 

if ( (~x >= (xc:en - boxradl && (11x (= (mm + boxradl l l l 
{ 

} 

for (i=1; i<=nWllj i++l 
{ 

} 

if ((11Y (= ((900.0+boxradl-(itlOO.Olll && 
(my l= ((900.0-boxradl-(itlOO,Ollll 

{ 

} 

inside= i; 

delhc:ur (); 
yc:en = <300,0 - (it100,0l; 
_setc:olor(afterl; 
_movabs (xc:en - boxrad, yc:en + boxradl; 
_lnabs(xc:en + boxrad, yc:en + boxradl; 
_~nabs(xc:en + boxrad, yc:en - boxradl; 
_lnabs(xc:en - boxrad, yc:en - boxradl; 
_lnabs(xc:en - boxrad, yc:en + boxradl; 
_inithc:ur(10.0, 10.01 7); 

if (CLICK) 
{ 

} 

chosen= i; 
return(i); 

if ((old_insidel && (inside - old_insidell 
{ 

} 

delhc:ur (); 
yc:en = 900.0 - (old_insidet100.0l; 
_setc:olor(beforel; 
_movabs(xc:en - !:loxrad, yc:en + boxradl; 
_lnabs(xc:en + boxrad, yc:en + boxradl; 
_lnabs(xc:en + boxrad, yc:en - boxradl; 
_lnabs(xc:en - boxrad, yc:en - boxrad); 
_lnabs(xc:en - boxrad, yc:en + boxradl; 
_inithc:urllO,O, 10,0, 7l; 

} 

} 

else /ti.e. the 110use is not in use 1/ 
{ 

int ne111_box, 
int c:hr; 

old_box; 
/f control varible 1/ 

old_box = neM_box = 1; 

yc:en = 900.0 - (new_boxt100,0l; 
_setc:olor(afterl; 
_box(xc:en - boxrad, yc:en - !:loxrad, xc:en + boxrad, yc:en + boxradl; 

chosen= O; 
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while (!chosen) 
{ 

old_bo>< = new_bo><i 

switch (chr = _getchlll 
{ 

case 13: /t RETURN key t/ 
case 27: /t ESC key t/ 

c:iosen = 1; 
!Jreak; /ta selection has been 11ade 1/ 

case 8: /1 back space key t/ 
:ase 43: /t + key 1/ 
case 328: /t up cursor arroN 1/ 

if (old_bo>< = 1) 
new_bo>< = n1J1; 

else 
new_bo>< = old_bo>< - 1; 

break; 

case 32: /1 s~ bar 1/ 
case 45: /1 - key t/ 
:ase 336: /f down cursor arroM 1/ 

if (old_box = n1111) 

l'leN_box = 1; 
else 

new_box = old_bo>< + 1; 
break; 

case 327: /1 !{]II£ key 1/ 
new_box = l; 
break; 

case 335: /1 END key 1/ 
nac_bo>< = nu.11; 
~reak; 

default: 
break; 

} 

/t If there has been a change 1/ 
if (ne11_box != old_box) 
{ 

ycen = 900.0 - !old_boxtlOO.O>; 
_setcolor(before>; 
_1110vabs(xcen - boxrad, ycen + boxrad); 
_lnabs(xcen + boxrad, ycen + boxrad); 
_lnabs(xcen + boxrad, ycen - boxradl; 
_lnabs(xcen - boxrad, ycen - boxraql; 
_lnabs(xcen - boxrad, ycen + boxrad>; 

ycen = 900.0 - (new_boxtlOO.O>; 
_setcolor(after>; 
_movabs(xcen - boxrad, ycen + boxradl; 
_!r.abs(xcen + boxrad, ycen + boxrad); 
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f/ 

Version 2.00 5/17 /86 Page 9 

_lnabs(xCEn + boxrad, yCEn - boxradl; 
_lnabs(xCEn - boxrad, ycen - boxradl; 
_lnabs(xCEn - tloxrad, ycen + boxradl; 

} 

} 

return(new_boxl; 

r,is is an "intelligent• getch(l coaaand that adds 256 to the ASCII 
codes of control characters 

int _getchO 
{ 

} 

int chr = getch(l; 

if (chr '= 0) 

return(chrl; 

chr = getch(l; 
return(256+chrl; 
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This file contains the following procedures: 

f/ 

!l.TER_CONDO 
DRAW_CONDO 

tinclude <acext,h> 
#include (color.h} 
tinclude (stdio.h} 
linclude (11ath.h} 

draw_cond (IIOde) 
int IIOde; 
{ 

float linely = 100.0, 
linefy = 75. o, 
li ne3y = 50. O, 
line4y = 25. 0; 

float boxlx = 0. 0, 
box2x = 220. 0, 
box3x = 440.0; 

char lambda[10l; 

int tforeclr, 
tbackclr, 
foreclr, 
backclr; 

Sllli tch (IIOde) 
{ 

case 0: 
_setviewportC0.0, 0.850, 0.66, 1.0, GREEN, BLOO<l; 
tforeclr = SREEN; 
tbackclr = ~; 
foreclr = lfiITE; 
backclr = ll.ACK; 
break; 

case 1: 
_setviewport 10. 0, 0. 850, 0. 66, 1, 0, GREEN, GREY! ; 
tforeclr = GREEN; 
tbackclr = GREY; 
foreclr = Yfil[Jj; 
backclr = GREY; 
break; 

case 2: 
default: 

_setviewport 10. 0, 0, 850, 0, 66, 1. 0, GREEN, ll.ACKl; 
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} 
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tforeclr = GREEN; 
tbackclr = BLACK; 
forec lr = lliITE; 
backclr = BLACK; 
breai<; 

5/17/86 

_setlolOrld!0.01 0.01 660.0, 150.0l; 
_setcolor!GREENJ; 
_ll!Ovabs(box2x, O.Ol; 
_lnaos!box2x, 150.0l; 
_movabs(box3x, O.Ol; 
_lnabs!box3x, 150,0l; 
_setext(l,1,0, 1l; 

Page 2 

_settextclr(tforeclr, tbackclrl; 
attext(boxlx+lO,O, linely, • FEED "l; 
attext(boxlx+lO,O, line2y, "TRAY LOC"l; 
attext !box2x+10.0, linely, • FEED •1; 
attext!box2x+10.0, line2y, "CONDIT1 N•J; 
if !eql type = RVIX.ATILE> 
{ 

} 

attext(box3x+10,0, linely, "REUITIVE•>; 
attext!box3x+10.0, line2y, •V11.ATIL •J; 
_settextclr!foreclr, backclrl; 
sprintf(lc111bda, • i.3g•, alpha); 
attext (box3x+10, O, l ine4y, laabda); 

if !eqltype = USERSPEC> 
{ 

attext(box3x+10.0, line2y, • USER "l; 
attext!boxJx+lO,O, line3y, "SPECIFYD•J; 

} 

if ('eqltype) 
{ 

} 

attext(boxJx+lO.O, linely, "t«I EQUIL"l; 
attext(box3x+10,0, line2y, • LINE "l; 
attext!box3x+10.0, line3y, "SPECIFYD"l; 

_settextclr(foreclr, backclrl; 

if (optiaall 
{ 

attext<boxlx+lO.O, line4y, "OPTI!IIR.."l; 
} 

else 
{ 

} 

sprintf(laabda, "TRAY %d", feedtrayl; 
at text (boxlx+lO. O, l ine4y, lc111bdal; 

if (q != -1.0) 
{ 

sprintf(lc111bda1 "G='.'.3g" 1 ql; 
attext!box2x+l0,01 line4y, lc111bdal; 



~7.C Version 2.00 5/17/86 Page 3 

} 

deltcurO i 

f* return nondestructively to the full veiwoort *f 

_setviewport<O.O, 0.0, 1.0, 1.01 -1, -1l; 
_set1110rld(O.O, 0.0, 1000.0, 1000.01; 

} 

int alter_cond() 
{ 

float xcenb1 = 110. O, 
xcenb2 = 330.0, 
xcenb3 = 550. O, 
xrad = 105. 01 

ycen = 75.0, 
yrad = 65. O, 
xcen; 

int chosen, i; 
int n1.111 = 3; 

_setviewport(O.O, 0.850, 0.66, 1.0, -1, -11; 
_set1«>rld(0,01 0,0, 660.0, 150,01; 

I* Draw 11enu boxes +/ 

_setcolor(BLACKl; 
_box(xcenb1-xrad, ycen-yrad, xcenbl+xrad, ycen+yradl; 
_box(xcenb2-xrad, ycen-yrad, xcenb2+xrad, ycen+yradl; 
_box (xcenb3-xrad, ycen-yrad, xcenb3+xrad, ycen+yradl; 

if (110use_in_usel 
{ 

_setlocator<J,1>; 
_orglocator(xcenbl, ycen+(yrad+O, 7Sl l; 
_inithcur(l0,01 10.01 liliITEl; 

chosen= O; 
liiile ( !chosen) 
{ 

float IIX1 'Yi 
int bt, in, old_in; 

readlocator(&llx, &lly, &btl; 
_110vhcurabs<n, ayl; 
old_in = in; 
in= O; 

if ((my)=(ycen-yrad)I "(ay(=(ycen+yrad)I) 
{ 

for (i=1; i(=3; i++l 
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{ 

} 

} 
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xcen = -110.0 + (i t 220.0); 

if ((mx (= (xcen + xrad)) && 
(mx >= (xcen - xradl)) 

{ 

} 

in= i; 
delhcurO; 
_set color (!Ai); 

_box(xcen-xrad, ycen-yrad, 
xcen+xrad, ycen+yrad); 

_inithcur(10.0, 10.0, lfiITE); 
if (CLICK! 
{ 

} 

chosen = i; 
return<i); 

if ((old_in) && (in - old_in}) 
{ 

xcen = -110.0 + (old_in t 220.0>; 
delhcurO; 
_setcolor(~); 
_box(xcen-xrad, ycen-yrad, 

xcen+xrad, ycen+yrad); 
_inithcur(t0.01 10.0, lfiITEl; 

} 

} 

} 

else /t i.e. the 1110use is not in use t/ 
{ 

int new_ box, 
int chr; 

old_box; 
/t control varible t/ 

old_box = new_box = 1; 

xcen = -110.0 + (old_box t 220.0); 
_setcolor(MA6l; 
_box (xcen-xrad, ycen-yrad, xcen+xrad, ycen+yradl; 

chosen= 0; 
R11ile ( !chosen) 
{ 

old_box = new_box; 

switch (c:hr = _getch(ll 
{ 

case 13: /t RETURN key t/ 
case 27: /t ESC key t/ 

chosen = 1; 
break; /ta selection has been 11ade t/ 

case 8: /t back space key 1/ 
case 43: /1 + key 1/ 
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} 

} 

.,, 

case 331: /f left cursor arrow 1/ 
if (old_box = ll 

neM_box = nua; 
else 

new_box = old_box - 1; 
break; 

case 32: /1 SPACE bar 1/ 
case 45: /f - key 1/ 

case 333: /t right cursor arroN 1/ 

if <old_box = nual 
neM_box = 1; 

else 
new_box = old_box + 1; 

break; 

case 327: /t f-OIE key t/ 
nett_box = 1; 
break; 

case 335: /t END key f/ 

new_box = n1111; 
break; 

default: 
break; 

} 

/t If there has been a change f/ 

if (new_box != old_boxl 
{ 

} 

xcen = -110.0 + (old_box t 220.0l; 
_setcolor(Bl.ACKl; 
_110vabs(xcen - xrad, ycen + yradJ; 
_lnabs(xcen + ,crad, ycen + yradl; 
_l nabs ( xcen + xrad, ycen - yrad l ; 
_lnabs(,ccen - ,crad, ycen - yradl; 
_lnabs(xcen - xrad, ycen + yradl; 

xcen = -110.0 + (ne1i1_box t 220.0l; 
_setcolor(ll!AGI; 
_110vabs(xcen - xrad, ycen + yradl; 
_lnabs(,ccen + ,crad, ycen + yradl; 
_lnabs(xcen + xrad, ycen - yradl; 
_lnabs(xcen - xrad, ycen - yradl; 
_lnabs(xcen - xrad, ycen + yradl; 

} 

return(new_boxl; 

Last Revision 
5/2/86 
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"1CX.C 

:his file contains the follc.ing procedures: 

110use_xy(&x, &y) 
click_bufferO 
feed_locO 

int feed_loc 0 
{ 

} 

if (rorl l"USE OPTil'R. FEED LOCATI~•, 
• OR SPECIFY FEED TRAY. •, 

{ 

} 

"OPTIR TRAY", "SPECIFY TRAY"> ) 

optiaal = 1; 
return Ill; 

optiaal = O; 

if lrorll" IN lfiICH ORDER Sl-01.D •, 
1l£ TRAYS BE UBERED. •, 

{ 

} 

else 
{ 

} 

"TOP TO BOTTO.", "BOTTO. TO TOP") l 

top_to_bott = 1; 
bott_to_top = O; 

top_to_bott = O; 
bott_to_top = 1; 

feedtray = lintlkey_><I" tUU!ER CF SPECIFIED •, 
• FEED TRAY. "); 

return Ill; 

click_bufferO 
{ 

floit n, IIYi 
int bt; 

do 
{ 

readlocatorl&u, &My, &btl; 
} Nhile ((bt != 128) " (bt != Oll; 

} 

float 110Use_><ylptrx, ptryl 
float tptrx, tptry; 
{ 

char xlaabda(8J, ylaabda(8J; 
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float chosen_x, ■x, ■y; 

int bt; 

_setvie111port (nordiaxl, nordiayl, nordiax2, nordiay2, CY~, -1); 

_setNOrld (0. 01 0. o, 1. 0, 1, 0); 
_setcolor<CY~>; 
_rnovabs(0,0, 0,01; 
_lnabs(l,0, 1,0>; 

_orglocator(0,5, 0,5>; 
cl ick_bufferO; 

ftinitO; 
_ftsize<l, 10); 
_setcolor("'1ITEl; 
_settextclr("'1ITE, BLACK>; 
_ftcolor(WHITE, ~l; 
_ftlocate(l, 1l; 
fte><t < • X = 11 I ; 
_ftlocate(2, 1l; 
ftext ("Y = "l; 

do 
{ 

readlocator(&tix, &ay, &btl; 
if (bt l= 128) 
{ 

} 

if <•x l= 1.0) 
Ill = 1,0j 

if ( ■)( (= 0.0) 
IX = 0,0j 

_■ovabs(■x, 0,0l; 
_rlnabs(■x, 1.0>; 
sprintf(xlaabda, "%,2f", ■xl; 

_ftlocate<l, 5l; 
ftext (xlaabdal; 

} Nhile ( ! Cl_ICIO; 

click_buffer(); 

chosen_x = ■x; 
_110vabs(0,01 0,5); 
_rlnabs(l. 0, 0, 5); 
_setxor(l); 
_!'IIOvabs(■x, 0,0l; 
_lnabs<■x, 1.0l; 
_orglocator(lll(1 0,5); 
do 
{ 

readlocator<&ax, &tly, &btl; 
if Cbt >= 128) 
{ 

if ( ■y >= 1.0) 
■y = 1.0; 
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} 

} 

if (11Y {= 0.0) 
IIY = 0.0; 

_aovabs(0.0, 11Yl; 
_rlnabs(l.0, 11Yl; 
sprintflylaabda, •i.2f", 11Yli 
_ftlocate(2, Sl; 
ftellt (ylaabdal; 

} Nhile (1Q.ICIO; 

click_bufferO; 

_MOvabslchosen_ll, 0.0l; 
_lnabs(~osen_ll11.0l; 
dellnO; 
_setxor(Ol; 
_setcolor<WHITEl; 
_boll (chosen_ll--0. 01, IIY--0, 01, chosen_ll+O. 01, ay+O. 01); 
_setcolor<REDl; 
_boll (chosen_ll--0. 005, IIY--0, 005, chosen_K+O. 005, 11Y+O, 005); 

tptrx = chosen_x; 
iptry = IIYi 
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THIS VERSI!Jf CF _fR .. O IS MADE ESPECIALLY FOR Tl-£ IC1 PROO~. 
11/16/85 {Rl..N} 

Useful Halo definitions to avoid ESsy POinter arithaetic. 
Initial version prepared by R. Natter 

Revision 6/28/85 {RlN} 
Includes fast te11t 
and lilouse locator coaands. 

Revision 7/11/85. {BMA} 

qubberband Shapes 
Inqclr 

Revision 7/21/85 {RLN} 
gprint coaands, aoveto and aovefroll 

Revision 10/22/85 {RLN} 
Updated to latest fR.O version. 

_movabs<11,yl 
float 11 1 Yi 
{ 

} 

float v, Ni 
V: Ki 
N = Yi 
110vabs<&v1 &Nl i 

_lnabs(11,yl 
float 11,yi 
{ 

} 

float w, v; 
V = Ki 
w = Yi 
lnabs(&v, &w); 

_setcolor(i) 
inti; 
{ 

} 

int Ji 
J=ii 
setcolor(&Jl; 

I* This routine initializes halo graphics 1/ 

_initgraphics<■> 

int Ii 
{ 

int one= 1; 
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initgraphics(&lll; 
seti eee < &one l ; /1 ti«>rking with correct real I fort1c1t 1/ 

} 

/1 The world coordinates are set in this routine 1/ 

_setworld(llx,lly,urx,uryl 
double llx,lly,urx,uryj 
{ 

float xl = (float) llx, 
yl = Cfloatllly, 
xh = (floatlurx, 
yh = (floatlury; 

setworld(&xl, &yl, &xh, &yhl; 
} 

/f Vil!Nport: f/ 

_setviewport (xt, y1, x2, y2, border, backgrl 
double x1,y1,x2,y2; 
int border, backgr; 
{ 

float _xt = Cfloatlxt, 
_y1 = Cfloatlyl, 
_x2 = (floatlx2, 
_y2 = Cfloatly2; 

setvieNport(&_x1,&_y1,&_x2,&_y2,&border,&backgrl; 
} 

_setxor<oroff) 
int onoff; 
{ 

} 

int rof = onoff; 
setxor(&nof); 

_inithcur(height,width,colorl 
double height,width; 
int color; 
{ 

int clr = color; 
float h = height, 

w = width; 

inithcur<&h, &., &cir); 
} 

_inqhcur<x,y,color) 
double •x,•y; 
ir,t fCOlor; 
{ 

int clr; 
float xx,yy; 
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} 

inqhcur(&xx,&yy,klrl; 
IX= XXj 

*Y = yy; 
ICOlor = clrj 

_movhcurabs(x,yl 
double x,y; 
{ 

} 

float xx, yy; 
xx = (floatlx; 
yy = lfloatly; 
110vhcurabs(&xx,&yyl; 

_movtcurabs(x,yl 
double x,y; 
{ 

} 

float xx, yy; 
xx = lfloatlx; 
yy = (floatlyj 
110vtcurabs(&xx,&yyl; 

_settextclr(color,backl 
int color, back; 
{ 

int clr = color, 
bak = back; 

settextclr(&clr,&bakl; 
} 

_inittcur(h,w,cl 
int h, w, c; 
{ 

int hh = h, 

* = w, 
CC= Cj 

inittcur(&hh, INN, kc); 
} 

attext (x, y, txtl 
double x,y; 
char 1txt; 
{ 

} 

float xx = (float> x, 
yy = (floatly; 

_aovtcurabs(xx,yylj 
text(txtl; 

_ftcolor(fore, back) 
int fore, back; 
{ 

int f = fore, 

5/17/86 Page 3 



} 

Version 2.00 

b = back; 
ftcolor(lf, &bl; 

_ftlocate(row ,coll 
int f'Olll1 col; 
{ 

int r = roN1 

c = col; 
ftlocate<&r, kl; 

} 

_ftsize(height, boxh) 
int height, boxh; 
{ 

} 

int Ii= height, 
b = boxh; 

ftsize<lh, &bl; 

_bar(x1, y1, x2, y2) 
double xl, yl, x2, y2; 
{ 

float xxl, yy1, xx2, yy2; 
xxl = xl; 
yyl = yl; 
xx2 = x2; 
yy2 = y2; 
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bar(&xxl, &yyl, &xx2, &yy2l; 
} 

_oox(xl, yl, x2, y2l 
double xl, yl, x21 y2; 
{ 

float xxl, yy1 1 xx2, yy2; 
xxl = x1; 
yyl = yl; 
xx2 = x2; 
yy2 = y2; 
box<hxt, lyyl, hx2, lyy2l; 

} 

_rbox(xl, yl, x2, y2) 
double xt, yl, x2, y2; 
{ 

float xxl, yyl, xx2, yy2; 
xxl = xl; 
yyl = y1; 
xx2 = x2; 
yy2 = y2; 
rbox <&xx 1, lyyl, &xx2, lyy2l; 

} 

_orglocator<x, yl 
double x, Yi 
{ 
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float xx, YYi 
XX: Xj 

YY = Yi 
orglocatOl"(&xx, &yyl; 

_setlocator(dev, port) 
int dev, port; 
{ 

int d = dev, 
p = port; 

setlocator(&d, &pl; 
} 

_setext (h, w, P, ■l 

int h, N1 P, ■; 

{ 

int hh = h, 
NW = N1 
pp = P, 

- = ■; 
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settext (&hh, &w, lpP, &■■ l i 
} 

_rlnabs(x, yl 
double x, y; 
{ 

} 

float xx, yy; 
XX : (floatlxj 
yy = (floatly;, 
rlnabs(&xx, &yyl; 

_setgprint(devl 
int dev; 
{ 

} 

int ddev; 
ddev = dev; 
setgprint(&ddevl; 
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