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ABSTRACT 

An interactive design calculation package (DESPAC), prepared 

under the direction of Prof. A. Westerberg at Carnegie-Mellon Univer-

sity, contains flash, disti'llation and absorption routines. In this 

study DESPAC was firstly modified from the DEC-20 computer system to 

the CDC Cyber 170/815 computer system and then expanded by adding the 
\ 

multicomponent liquid-liquid extraction and the shell-and-tube heat 

exchanger computation modules. The new package (DESPAC2) is capable of 

solving steady-state problems for various process flowsheets on a unit 

by unit basis. 

DESPAC2 has a library file which comprises some thermophysical 

properties for ninety-one chemical species. This file can be extended 

defining new properties and components. In addition to this, it is 

possible to introduce new unit computations into DESPAC2. The metho­

dology required for this purpose, is explained in detail. 

In order to present the flexibility of DESPAC2, various examples 

are solved. Firstly six problems involving single operation units are 

studied. Secondly various flowsheets are proposed and tested for a 

separation problem as an example of flowsheet development using DESPAC2. 

This package is simple to use and can be employed for wide 

range of applications including flowsheet development, process design, 

in research and education. 
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OZET 

Carnegie-Mellon Oniversitesi'nde Prbf. A. Westerberg'in yoneti­

minde haz1rlanan etkilesimli tasar1m hesaplamalar1 paketi (DESPAC) 

flas, distilasyon ve absorpsiyon altprogramlar1n1 kapsar. Bu callsmada, 

DES PAC oncelikle DEC-20 bilgasayar sisteminden, CDC Cyber 170/815 bil­

gisayar sistemine ada pte edilrnis, sonra cok bilesenli S1V1-S1V1 ekstrak­

siyonu ve borulu 1S1 de~istiricisi hesaplama modUlleri eklenerek genis­

letilmistir. Yeni paket DESPAC2, cesitli proses aklm semalar1nl Unite 

baz1nda, kararll hal problernleri icin cozebilmektedir. 

DESPAC2, doksan bir kimyasal maddenin termofiziksel ozellik­

lerini iceren bir veri kUtUphanesine sahiptir. Bu termofiziksel ozel­

likler kUtUphanesi, yeni ozellikler ve maddeler eklenerek genisletile­

bilir. Buna ek olarak DESPAC2'ye yeni Untte hesaplamalarl eklenebilir. 

Bu amaclar icin gereken yontemler tUm ayr1nt1lar1yla aClklanm1stlr. 

DESPAC2'nin cok amacl111~ln1 gosterebilmek icin cesitli ornek­

ler cozUlmUstUr. Once ba~lmslz operasyon Uniteleri icin alt1 problem 

ele allnm1st1r. Daha sonra aklm semaSl gelistirilmesine ornek olarak 

bir aYlrma problemi icin degisik aklrn semalarl onerilmis ve DESPAC2 

ile slnanm1stlr. 

Kullanlm1 kolay olan bu paket, aklm semaS1 gelistirilmesi, 

proses tasar1ml, arast1rma ve e~itimde genis bir uygulama alanlna 

sahiptir. 
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I, 1NTRODUCTION 

DESPAC2 is the modified and expanded form of DES PAC [42J which 

operates on the CDC Cyber 170/815 computer system at Bogazi~i University. 

The original package, DESPAC, has the capability to solve steady­

state problems for flash, distillation and absorption units. Seven 

different flash calculations can be performed by changing the tempera­

ture and the pressure of the flash, heat added to the flash, and the 

specified fraction of the feed to be vaporized. Bubble and dew points 

of mixtures may be calculated by the PHASE routine. Also DES PAC has 

different methods for distillation calculations, namely, McCabe-Thiele 

binary distillation, shortcut multicomponent distillation (adjacent and 

non-adjacent keys), and rigorous multicomponent distillation. Edmister 

method is employed for the design of gas-liquid absorbers. 

DESPAC2, the DES PAC expansion aimed at this study, contains 

multicomponent, multistage liquid-liquid extraction and shell-and-tube 

heat exchanger routines in addition to the above mentioned unit compu­

tation modules. The algorithms of these routines are prepared in 

accordance with the structure of DESPAC and are presented in Section 3.2.1. 

Furthermore, the technique to introduce new unit computations into the 
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existing software has been deciphered and explained in detail in Section 

3.2.2. Following the procedure presented in this section, preparation 

and addition of new unit calculation routines for additional process 

equipment into DESPAC2 becomes an almost routine and easy programming 

job. 

DESPAC2 contains a library file of thermophysical properties of 

ninety-one chemical species. The technique to expand the library file 

either by adding new components or by introduction of additional pro­

perties of the existing components is explained in the Section 3.2.3. 

Consequently, the range of application of DESPAC2 can now easily be 

extended with a reasonable effort. In its final form DESPAC2 contains 

143 routines. 

DESPAC2 is a program package which may be used for flowsheet 

synthesis and development. DESPAC2 philosophy and the philosophy under­

lying the design of flowsheeting packages like FLOWTRAN, PROCESS, etc. 

are quite different. In the well-known programs (as in FLOWTRAN), 

. usually the flowsheet is quite fixed at the beginning of calculations 

and once the calculations start the flowsheet is almost inflexible. 

Thus, in flowsheet synthesis these programs have to be used for mostly 

calculating the results of hypothetical flowsheet configurations fore­

seen a priori. However, the DESPAC2 philosophy is based on flowsheet 

computations on a unit by unit basis under a unified program structure. 

Thus, the foreseen alternative "flo\'Jsheet configurations may be tested 

for processing conditions, operating flexibility and various flowsheet 

configurations one by one. In these calculations the input data are 

supplied by the user for each unit. Only after testing each unit and 
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its relation with the following units that the use of, and hopefully a 

more economical and efficient use of complete flowsheeting program may 

be made. Furthermore, results of DESPAC2 can be fed as initial guesses 

to the well-known packages such as FLOWTRAN, in order to reduce the 

computer time (CPU). 

DESPAC2 may be employed as a powerful tool for process design 

courses. The user can enter the operational parameters into DESPAC2 

interactively and obtain results in a very short period of time. The 

speed of the run enables the user to change the operation parameters 

and/or the proposed process flowsheet easily. 

In this study to test the capability of DESPAC2, solutions of 

various example problems are shown. All examples are obtained from 

Chemical Engineering literature. Firstly, six different examples are 

solved for single operation units, and then to illustrate the utility 

of DESPAC2 for flowsheet synthesis and development, a separation process 

containing various operation units is studied. 

Establishment of the approriate process flowsheet can be achieved 

by employing either of the two following routes: 

In the first route to obtain the optimum process flowsheet for 

the problem under consideration, a known process pattern is employed 

and tested by changing the process specifications. 

In the second route, various flowsheets which are applicable to 

the problem solution are developed. Later, the most appropriateconfi­

guration(s) may be selected. 

Once a flowsheet has been selected by either one of the two 

routes explained above, the processing conditions of each unit in the 
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flowsheet are decided upon either in the order of the process flow or, 

more intelligently, these exploratory calculations are initiated from 

the most critical unit in the accepted flowsheet by employing DESPAC2. 

These calculations are then continued with the other units in the order 

of the decreasing importance in the process flowsheet. 



II. GENERAL APPROACH FOR COMPUTER-AIDED 
DESIGN AND SIMULATION 

5 

Design of chemical plants and process equipment can be achieved 

in two ways: 

a. Manually (hand calculation) 

b. Employing digital computers. 

Rapid developments in processes and process equipment technologies 

increases the number of design alternatives drastically. Furthermore, 

processes are elobarated on in order to increase their effectiveness. 

As processes and equipment become more complex, there will be a greater 

need for the digital computer solutions. 

Before computer usage became popular, instruction in engineering 

analysis was restricted to simple systems which were of little prac­

tical value, and most of the effort was devoted to solve the few elemen­

tary equations. But, most industrial problems fall into advanced 

mathematics which can only be solved by computers [15J. 

A model of a typical chemical process will often involve some 

or all of the following: 
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l. Fluid flow 

2. Equilibrium 

3. Mass transfer 

4. Heat transfer 

5. Kinetics 

6. Proc.ess dynamics and control calculations. 

The general procedure for conducting an analytical study, covering 

all six categories above, is shown in Fig. 2.1 [15]. 

Definition of 
problem 

W 

Theory 

~ 
Equations r7 

Common 
~ sense 

-1 
Desired 

~ Mathematics ... ~ Solutions solutions ." .. .. 

t ~ 

4 Computers ~ Checks 

Figure 2.1 - Procedure for analytical approach. 

The first step is the definition of the problems which are to be 

solved. 

The second step is comprised of the definition of the theories 

which will be employed for the solution of the above mentioned problems. 
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One of the advantages of the computerized approach is the facility of 

rapidly obtaining solutions to various cases; this makes comparisons 

between alternate theories possible. 

Next, the fundamental concepts, relevant to the problem in hand 

are expressed in the form of mathematical equations. 

The computational phase offers several alternate routes for the 

solution. The method selected depends upon the complexity of the 

equations to be solved and the desired accuracy of the solution. If, 

the equations required are simple the solutions desired can be obtained 

by inspection. For the more complex cases, the equations can be solved 

by analytical techniques. Digital computation is the advanced method 

to solve, even the most complex equations. 

The last phase is the verification of the solution obtained 

from the mathematical model [15J. 

The most rapid solution method is that of digital computers which 

can successfully be used in 

- Process Design, and 

Process Simulation [9J. 

With the help of computer-aided design and simulation the engineer 

obtaines more accurate results in a shorter period of time. Hence, on 

modelling and economy of a given process [31J. 

Design is defined as the sizing and the combination of devices 

to achieve a required change from input to output stream variables; on 

the other hand in simulation, the output stream variables are calculated, 

given the inputs and the characteristics of the devices. Although 



design and simulation are different, they are closely interrelated. 

The results of the preliminary evaluation of process simulators can 

be used as estimates for input data to the final design situation. 

The simulation has the data set, and the sets of mathematical 

models called unit computations [9J. 

The engineer can use a set of unit operations to devise a new 

process or he can patch together unit computations to calculate an 

existing process. This can be represented by building blocks. Each 

"block" or unit computation refers to only one Unit Operation. e.g. 

Distillation Unit Computation, Absorber Unit Computation. 

8 

In Fig. 2.2, a process and its block representation are depicted [40J. 

Simulation can also be applied to the transient (dynamic) or 

steady-state processes. The following programs are some examples of 

dynamic and steady-state flowsheet simulators available to engineers. 

Dynamic - System Simulators: 

1 . DYNSYS [2J 

2. PRODYC [22J 

3. REMUS [19J 

4. FLEX [39J 

5. KARDASZ [23J 

Steady-State Material & Energy Balance Programs: 

1. PACER [38J 4. GIFS [16J 

2. FLOWTRAN [12J 5. PROCESS 

3. CHESS [8J 
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On the other hand, DESPAC2 (Interactive Design Calculation 

Package) is also a collection of programs that are applicable to 

the design of separation processes 'under steady-state conditions on 

a unit by unit basis. 

DESPAC2 can solve problems for single operation units. It is 

also possible to develop a flowsheet for a complet process using 

this package. The user proposes several possible flowsheets by 

patching the necessary operation units together. In DESPAC2, the data 

transfer between units must be handled by the user. On the contrary, 

complex simulators such as FLOWTRANhas an executive program which 

calls upon different unit computations and calculates the values of 

operating variables for all streams in the system. 

Computer core requirement is low and convergence in the unit 

computation modules is speedy in DESPAC2. Input data required are 

less than that of the complex packages, since the process flow diagram 

along with process data. must be supplied to complex simulators. The 

results of DESPAC2 can be fed to complex packages as initial guesses 

to reduce the computation time. 

DESPAC2 operates interactively and gives results in a very short 

period of time. This capability of DESPAC2 offers the user to change 

operation parameters easily. The user can obtain results quickly by 

changing the process flowsheets, because of the flexibility of DESPAC2. 

Hypothetical flowsheets may be checked whether they are properly defined 

and suitable alternatives may be selected with the aid of DESPAC2. 

The heart of this study is to use the above mentioned property 

of DESPAC 2, and in the following chapters the steps to reach that 
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kind of usage of this package are explained in detail. 

Operation of DESPAC2 is more practical than the other complex 

packages which are quite clumsy for the development of flowsheets and 

for process design. For this reason, DESPAC2 is also a powerful tool 

for education and training purposes. 

Entry of the input data into DESPAC2 may be achieved inter­

actively and by computer library file simultaneously. DESPAC2 contains 

a library file of thermophysical properties of ninety-one chemical 

species. 

DESPAC2 can be expanded by adding new unit computations. The 

thermophysical property library file can be enlarged by introducing new 

components and thermophysical properties which are not present. 

Consequently, DESPAC2 can either design and evaluate the feasi­

bility of a new process or predict and improve the operation of an 

existing process. 

Contents and the organization of DESPAC2 are explained in 

Appendix A. 
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I I I I DEVELOP~1ENT OF DESPAC2 

3.1 HODI FICATION OF DES PAC 

DES PAC is a FORTRAN program which is developed to run on TOPSC, 

a DECSYSTEr~-20 com~uter under the TOPS-20 operating system at Carnegie 

Mellon University [42J. 

Although FORTRAN is said to be standardized, various computer 

system companies.have different FORTRAN compilers. During ·the compila­

tion of DES PAC on the CDC Cyber 170/815 at Bogazi~i University, numerous 

problems were encountered. Therefore, DESPAC is modified to run on 

the CDC Cyber 170/815 system. 

3.1.1 Computer Language Standards and Program Portability 

FORTRAN was introduced as a programming language originally 

in the late 1950's and was further developed through the 1960's mostly 

for scjentifically oriented problem solution. It is one of the oldest 

of what may be called "foundation languages" (FORTRAN, COBOL, ALGOL, 

and BASIC) which is still very popular even after the introduction of 

"structural languages" such as PASCAL [35J. 
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A fully portable program, or a source code, is the one which 

may be transported from a computer to another without any necessary 

modifications. This may be achieved if the compiler in question all 

abide by the standard set by ISO - International Standard Organization 

and/or ANSI - American National Standard Institute. However, unfor­

tunately most compiler designers succumb to a compelling urge to 

provide "better" features in their compilers in a quite competitive 

field. These "better" features generally are implemented before the 

standards have been set and are therefore non-standard at the point 

of their applications. It is also true that various compilers exist 

for a machine model, but all machines of the same model may employ 

somewhat different compiler versions. So in reality most. active com­

pilers are located near but not really at the ISO or ANSI standards [35J. 

These variations among compilers, as expected cause problems in 

computer program portability .. As it would be expected these problems 

generally are more serious among the machines of different manufac­

turers. If the source code has employed only very well accepted and 

standard features of a language, like FORTRAN, portability problems 

may be minimal or none. The problems start multiplying in numbers 

and degree of seventy when non-standard features of a compiler have 

been used and these features do not exist in the new compiler where 

the program is desired to be transported. In such cases new but dif­

ferent standard or non-standard route have to be employed in place of 

the non-standard features which have to be replaced. 

On the other hand, efficiency of a source code might decrease 

after transportation, i.e. CPU time required and/or the memory' 

requirement might increase. 
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A major ,part of the effort spent in the present study was to 

convert the DESPAC routine originally prepared for the DECSYSTEM-20 

computer running under the TOPS-20 operating system to the CDC Cyber 

170/815 Computer system. 

In the following parts some examples of the important differences 

between the routes shown by the two different compilers are shown in 

contrast. At this point probably it is neither proper nor justified 

to call some differences important, since this might mean some others 

are not. Naturally, it is well known to all that even the most minor 

looking alteration, if not done, will be detrimental for the functioning 

of the package in the new machine/compiler combination. 

3.1.2 Major Differences Between FORTRAN Compilers of the DEC-20 

and the CDC Cyber 170/815 Computer Systems 

Since CDC 170/815 has a different FORTRAN compiler from the DEC-20 

system, the compilation of DESPAC or CDC Cyber 170/815 has caused 

numerous problems. Consequently, the modification of DESPAC has been 

deemed necessary. For this purpose the following major modifications 

and conversions were performed: 

a) The INCLUDE statement of the DEC-20 system is refused by the 

CDC since it does not have any equivalent statement. If a 

certain group of Common Blocks has to appear in more than one 

routine, INCLUDE statement of the DEC-20 system is a practical 

solution to convey this information .. On the DEC-20 system 

INCLUDE statement with its group name is sufficient to transfer 
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the complete information of Common Block among routines. On the 

other hand, all Common Blocks (Refer to Appendix D) have to be 

declared in the respective subroutines on the CDC version. 

b) On the DEC-20 system, the PARN1ETER statement does not require 

its arguments to be declared in paranthesis. On the/CDC system 

the arguments of the PARAMETER statement must be declared in 

paranthesis. 

c) All comments and syntax (e.g. 11.11 , , 11:11) after an executable 

statement in the same line is accepted on the DEC-20 system. 

On the contrary, CDC compiler accepts such declarations between 

the 73rd and 80th columns only. Otherwise, they should be deleted 

on the CDC version. 

d) CHARACTER, INTEGER, LOGICAL, DOUBLE PRECISION and REAL variables 

can be equalized to each other on the DEC-20 compiler. This 

kind of usage is refused by the CDC, since it equalizes the 

same type of variables to each other. Hence, such contradictory 

usage should be corrected for the CDC system. 

e) All variable names starting with letters I, J, K, L, M, N are 

automatically assumed as INTEGER variables on the CDC. All 

REAL variables of DEC-20 system starting with I to N should be 

declared as REAL variables on the CDC system. Alphanumeric 

variables should be declared in a CHARACTER statement on the CDC. 

f) Certain characters (e.g. 11$11) 'may be used in a FORMAT statement 

on the DEC-20 system. But such characters are refused by the 

CDC compiler and c~use errors. 
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g) Certain characters (e.g. "," or ")", comma or right paranthesis, 

respectively) which fulfill certain functions on the DEC-20 

system are useless and cause errors on the CDC compiler. 

h) All non-executable statements in a routine must precede all of 

the executable statements on the CDC system since the opposite 

kind of usage is frequently detected on the DEC-20 system, each 

of them is rearranged on the CDC version in order to prevent 

FORTRAN compilation errors. 

i) Certain statements on the DEC-20 system (e.g. SKIP RECORD, TYPE) 

are not defined on the CDC. Instead of SKIP RECORD~TYPE, REWIND 

and PRINT statements may be used, respectively on the CDC system. 

j) Very frequent and complicated usage of OPEN and CLOSE statements, 

on the DEC-20 compiler, can be removed by the definition of the 

tapes for the file management at the beginning of the PROGRAM 

DESPAC on the CDC version. 

k) Declaration of field width of format descriptor is different on 

the DEC-20 and on the CDC systems. 

e.g. DEC-20 accepts FORMAT (21) 

CDC refuses FORMAT (21) 

1) On the CDC system only 19 continuation lines for a single state­

ment is permitted. On the other hand, on the DEC-20 system 

there is no such limitation. 



m) End of file (EOF) and end of record (EOR) statements must be 

packed on the CDC version. 
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n) On the DEC-20 system, II!II, 11]11, or IIC II in the first column are 

accepted for comments. If II!II, 11]11 appears in the middle of 

the line, the rest is interpreted as a comment. For all expla­

nations and comments, IIC II must be written in the first column 

of the respective line on the CDC version. 

Also the data section of the original program on the DEC-20 

system, must be separated from the rest and transferred to a 

new data file. If data file will be left in the program, (just 

to give information), unless IIC II is written in the first columns, 

fatal errors will be encountered on the CDC system during the 

compilation of the program. 

Table 3.1 presents the main differences between FORTRAN compilers 

of the DEC-20 and the CDC Cyber 170/815 computer systems. 

There are 135 subroutines and a total of 17 000 lines in DESPAC. 

Consequently, any correction completed in anyone of the subroutine, 

causes new errors in the linked subroutines. Fig. 2 in Appendix A 

shows the linked subroutines of just one modelling routine (FLSHPQ), 

in order to indicate the complexity of interrelated routines. Hence, 

any correction completed in the program must systematically, carefully 

and patiently be introduced into the linked subroutines. 
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TABLE 3.1 - Main Differences Between FORTRAN Compilers of the 
DEC-20 and the CDC Cyber 170/815 Computer Systems 

DEC-20 

a) Accepts INCLUDE 

b) PARA~1ETER arg=const 

c) Accepts ";11 11:11 
after an executable 
statement 

d) INTEGER = CHARACTER 
etc. 

e) all variables' types must 
be specified 

f) Accepts certain characters 
in FOR~ATsuch as "$11 

g) Accepts "," II)" to fulfill 
certain functions 

h) Executable statement may 
precede non-executable 
statements 

i) Employs SKIP RECORD and 
TYPE for certain functions 

j) Employs OPEN and CLOSE for 
file management 

k) Accepts FORMAT (21) 

1) Unlimited number of 
continuation lines 

m) 

. n) "!II, "J" or IIC" in the 
first column for comments 

CDC Cyber 170/815 

Refuses INCLUDE 

"PARAMETER (arg=const) 

Refuses ";" ":" 
after an executable statement 

INTEGER = INTEGER 
CHARACTER = CHARACTER 

default INTEGER for I-N,rest 
REAL 

Refuses certain characters in 
FORMAT such "$" 

Refuses "," ")11 to fulfill 
certain functions 

Non-executable statement must 
precede executable statements 

Employs REWIND and PRINT for 
certain functions 

Employs tape declaration in the 
PROGRAM statement for file 
management 

Refuses FORMAT (21) 

19 continuation lines 

EOF and EOR must be packed 

IIC" in the "first column for 
comments 
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3.2 EXPANSION OF THE CAPABILITIES OF DES PAC 

DES PAC already covers flash, distillation and absorption unit 

computations, and a thermophysica1 library file-of 91 components. 

DESPAC can be expanded by adding new unit computations and also the 

contents of library file can be enlarged by adding either new compo­

nents and/or new thermophysica1 properties of components. The modified 

version of DES PAC which operates on CDC-system has been extended by 

introducing "Multicomponent Liquid-Liquid Extraction" and "She11-and­

Tube Heat Exchanger" unit computation modules. This final form of 

DESPAC is named as DESPAC2. In this chapter, the preparation of new 

unit computation algorithms and the procedure of inserting new unit 

computations into DESPAC and enlargement of library file will be 

explained in detail. Following the procedures mentioned, it becomes 

an almost routine activity to expand the capability of DESPAC2. 

3.2.1 Preparation of New Unit Computation Software 

Two new modelling routines are included in DESPAC2; namely: 

a. Shell-and-Tube Heat Exchanger (HEX), 

b. Multicomponent, Multistage Liquid-Liquid Extraction (EXT). 

3.2.1.1 Algorithm for the Design of a Shell-and-Tube Heat Exchanger 

An algorithm to design a multipass, counter current, shell­

and-tube heat exchanger is developed following the method presented 

in Backhurst & Harker [3J, and employing references Afgan and Schlunder[l], 
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II 

Blackwell [4], Fraas and OZl~lk [13], Frank [14], Kays and London [24], 

Kern [25], Peters and Timmerhaus [32] and Reid et al. [36J. 

The main assumptions for the preparation of the algorithm are 

as follows: 

1. The overall heat-transfer coefficient is constant through the 

heat exchanger. 

2. The flowrate of each fluid is constant. 

3. The specific heat of each fluid is constant. 

4. There is no condensation of vapor or boiling of liquid in any 

part of the exchanger. 

5. Heat losses are negligible. 

6. The heat-transfer surface in each pass is equal. 

7. The temperature of the shell-side fluid in any shell-side pass 

is uniform over any cross section. 

8. Pressure loss is negligible. 

The detailed explanation of the theory applied is presented 

in Appendix B. 

The main aspects of the iteration cycle are listed below: 

1. The input data required are submitted. 

2. The amount of heat transferred per unit time is calculated. 
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3. Upon calculation of Logarithmic Mean Temperature Difference and 

Correction Factor, the Corrected Mean Temperature difference is 

obtained. 

4. Routine estimates the initial overall heat transfer coefficient 

employing initially assumed heat transfer coefficients. 

5. Total number of tubes and the flow rate of fluid in the tube 

side are calculated. 

6. Heat transfer coefficients inside tubes are evaluated. 

7. The flow rate of the fluid in the shell side is computed. 

8. Heat transfer coefficient in the shell side is calculated. 

9. The overall heat .transfer coefficient is obtained using the tube 

and shell side heat transfer coefficients calculated in steps 6 

and 8, respectively. 

10. If the difference between the overall heat transfer coefficients 

computed in steps 4 and 9 is less than the present tolerance, 

the algorithm stops. If not the next guess is evaluated and 

the steps between 5 and 10 are reiterated. 

The logical flow diagram of the algorithm depicted in Fig. 3.1. 

3.2.1.2 Algorithm for the Simulation of a Multicomponent, Multistage 

Liguid-Liquid Extraction Column 

Liquid-Liquid extraction is a separation process which can be 

carried out either in packed or staged columns. 
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IL © .~~ 

Calculate heat transfer area 
(A) (Eq. B.1) 

1 
Calculate total tube length 

iL) 

~ 
Calculate number of tubes 

(Nt) 

~ 
Calculate total flow area 

(Eq. B.11) 

1 
Calculate flow rate of fluid in the tube side 

(Gt ) (Eq. B. 12) 

J, 
Calculate Re (Eq. B.13) 

. 

Calculate hi YES 
v Re < 2100 (Eq. B. 14) r-

Na 

Calculate hi (Eq. B. 15) 

1 
"- Calculate shell inside 
" di ameter (Ds) 

J, 
Calculate cross area for flow for shell 

side (as) ..... B 
/ 

(Eq. B.19) 



C / , 

B 

24 

Uo + Uo 
U - new 
o - 2 

NO 
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new 
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Figure 3.1 - Logical flow diagram of the iteration cycle of 
the Shell-and-Tube Heat Exchanger Algorithm. 
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The algorithm to simulate multicomponent, multistage equilibrium­

stage liquid-liquid extraction is obtained from Sen [37J. The algorithm 

is based on the relaxation technique, i.e., it uses the transient model 

equations to reach the steady-state solution. 

The detailed explanation of the theory applied can be found in 

Appendix C. 

The main aspects of the iteration cycle are presented below: 

1. The algorithm parameters, composition and overall flow rate 

profiles of light and heavy phases are assumed initially. 

2. Activity coefficients of component i in both of the phases are 

calculated by a thermodynamic model, such as the 3-suffix Morgules, 

NRTL, or UNIFAC equations. Then the equilibrium ratios are 

calculated. 

3. Substituting the assumed overall stage flow rates and the calcu­

lated equilibrium ratios into the linearized equation sets, the 

resulting equations may be solved by a tridiagonal matrix algo­

rithm to yield the heavy-phase mole fractions at the incremented 

time (T + 1). 

4. The calculated heavy-phase mole fractions are normalized. 

5. Light-phase mole fractions are calculated from the heavy-phase 

mole fractions and the equilibrium ratios. 

6. The calculated light-phase mole fractions are normalized. 
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7. New values of the overall stage flow rates are calculated. 

8. If the difference between the he~vy phase mole fractions at 

time (T) and at the incremented time (T + 1) is less than the 

preset tolerance, the algorithm stops. If not another iteration 

is performed between the steps 2 and 8. 

The logical flow diagram of the algorithm is given in Fig. 3.2. 

The above mentioned algorithm which was actually available on the 

UNIVAC 1106 computer, is introduced into DESPAC to increase its-capa­

bilities. For the implementation of this algorithm the following 

modifications are performed: 

1. The original algorithm operates on -the UNIVAC 1106. It is 

modified to operate on the CDC Cyber 170/815 eliminating the 

differences between the FORTRAN compilers of two systems. 

2. The original algorithm is modified to fit into the DESPAC 

structure. For this reason, the modelling routine (EXT) and 

the executive routine (XEXT) are prepared which are consistent 

with the structure of DESPAC. The executive routine (XEXT) 

calls the modelling routine (EXT). XEXT routine also enables 

the user to operate the EXT routine interactively. XEXTrou­

tine contains NAMELIST features (Refer to Appendix A) which 

allow the user to enter the input data. 
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Figure 3.2 - Logical flow diagram of the iteration cycle of 
the Multicomponent Liquid-Liquid Extraction 
Algorithm. 
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In this section, addition of new unit computations into the 

DES PAC structure is explained in detail and examples for additions 

are given for the shell-and-tube heat exchanger (HEX) and the multi­

component liquid-liquid extraction (EXT) routines. 

The procedure required to insert a new modelling routine is 

presented below. 

1. The executive routine(s) which calls the modelling routine must 

be prepared. 

e.g. Executive Routine 

XHEX 

XEXT 
< 
< 

> 
Modelling Routine 

HEX 

EXT 

2. The executive routine(s) should be prepared in the INTERACTIVE 

mode. The dialogue between the user and the program is performed 

by the INPUT and OUTPUT statements which are consistent with 

the PARAM Common Bloc~(In Appendix D, the function of PARAM is 

explained). 

3. The executive routine(s) must also contain N~1ELIST features 

(Refer to Appendix A), and it has to call Subroutine READNL 

(Refer to Appendix A) which introduces NAMELIST properties [30]. 

e.g. NAMELIST/DATA/A,B,C 

CALL READNL (IDATAI) 

READ (2,. DATA) 
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4. The executive routines must contain PARAM, NCOMP and IDENT Common 

Blocks, and the modelling routines must contain PARAM, NCOMP, 

PHYS and IDENT (if necessary) Common Blocks (Appendix 0 presents 

the functions of these Common Blocks) for the shell-and-tube heat 

exchanger and the liquid-liquid extraction routines, where XHEX 

and XEXT are executive routines and HEX and EXT are modelling 

routines. 

5. 

e.g. XHEX < > HEX 

PARAM PARAM 

NCOMP NCOMP 

IDENT PHYS 

XEXT ( > EXT 

PARAM PARAM 

NCOMP NCor~P 

IDENT PHYS 

IDENT 

The executive routines are ca 11 ed by PROGRAM DESPAC which prompts 

the user a menu containing all of the modelling and some of the 

auxiliary routines (Refer to Appendix A for the contents of the 

menu). The user selects the code number of the respective 

routines. The additional modelling routines and their 'code 

numbers must be inserted into the menu. PROGRAM DESPAC calls 

the relevant executive routines using the selected numbers. 
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Table 3.2 presents the summary of the procedure for the addition 

of new unit computations into the DES PAC structure. 

TABLE 3.2 - Addition of New Unit Computations Into DESPAC 
(Summary Procedure) 

1. Executive routine calls Modelling routine 

2. Executive routine allows the user to run 
interactively 

3. Executive routine contains NAMELIST features 

4. Executive and Modelling routines contain the 
relevant Common Blocks 

5. PROGRAM DESPAC calls Executive routine 

3.2.3 Enlargement of the Thermophysical Library File 

The library file contains some of the thermophysical properties 

of ninety-one chemical species (Refer to Appendix E which explains 

the DESPAC2 Library File). 

This file can be extended by adding new components and/or 

new properties for the existing components. 

3.2.3.1 Addition of New Properties Into the Thermophysical 

Li bra ry Fi 1 e for the Ex i st i ng Components 

As in the case of the shell-and-tube heat exchanger routine, 

density of a c9mponent may be required. "Hence the procedure to insert 

a new physical property into the library file is explained below. For 

this purpose, density (RHO) is selected as an example. 
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1. Any additional property to be added (i.e. RHO) must be defined 

in the LIB Common Block and PHYS Common Block (Refer to Appendix 

D for LIB and PHYS Common Blocks). LIB and PHYS Common Blocks 

should be modified whenever they are used in DESPAC2. The form 

of these definitions are shown in Appendix D. 

2. Some modifications must be performed in the relevant Auxiliary 

Subroutines (Refer to Appendix A), as explained below: 

a} Subroutine LOADLB: 

This subroutine copies data for a component from a file 

into the library. 

A new prefix must be defined using DECODE features in 

subroutine lOADLB. 

e.g. IF (PREFIX. EQ. I$I) DECODE (75,540, LINE) RHO(I} 

540 FORMAT (F15.6) 

Library file must contain 'the prefix mentioned in accordance 

with the FORMAT. 

b) Subroutine SYSTEM: 

In subroutine SYSTEM, data are transferred from ILIBI to 

IPHYSI and /IDENTI Common Blocks. 

I refers to component I of user' (his Ith component) 

II refers to component I in the library ILIB/. 
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The user has to define the transfer of data as follows: 

DENS(I) = RHO(II) 

c) Subroutine DEFINE: 

DEFINE allows the user to enter new values (and new components) 

into the library. Firstly, the information for pure compo­

nent property is obtained from the user. The definition in 

the subroutine DEFINE is in the form below: 

DENS = RHO ( I) 

Then, this value will be transferred to the library file. 

The necessary definition for this step is as follows: 

RHO(I) = DENS 

d) Subroutine STORE: 

This subroutine copies data for selected components from 

library ILISI to a disk file named by the user. 

In the additional STORE, a WRITE statement for the additional 

physical properties must be introduced. 

e.g. WRITE(UFIL,58~) RHO(I) 

580 FORMAT('$~ST~~,5A5,lP~E12.5) 

e) Subroutine ERASE: 

It erases all data in ILISI for component I. The required 

definition is shown below: 



RHO(I) = 0.0 

3.2.3.2 Addition of New Components Into the Thermophysical 

Li brary Fi 1 e 

The user may insert new components into the library file 
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selecting RETREV, DEFINE and STORE routines from the menu. Subroutine 

RETREV retrieves physical properties from disk files. Subroutine DEFINE 

allows the user to enter new components into the library and then sub­

routine STORE stores the values of new components on the library file. 

Table 3.3 presents the summary of the procedure for the enlarge-

ment of the thermophysical library file of DESPAC. 

TABLE 3.3 - The Enlargement of the Thermophysical Library 
File of DESPAC (Summary Procedure) 

Addition of New Properties Addition of New Components 

l. New property must be New component may be 
defined in LIB and PHYS introduced into the Library' 
Common Blocks File employing the Auxili-

ary Routines 
RETREV, DEFINE and STORE 

2. Modificati6ns must be . 
performed in the relevant 
Auxiliary Routines 
i.e. LOADLB, SYSTEM 
DEFINE, STORE, ERASE 
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IV. APPLICATIONS OF DESPAC2 

DESPAC2 can solve steady-state problems for single operation 

units under a unified structure developed in DESPAC [42]. Complex 

processes which require more than one unit may be handled on a unit 

basis as long as the computational routines in DESPAC2 fit the needs 

of the process. In this chapter, firstly an example run is performed 

for phase and flash calculations to show the operation of DESPAC2 in 

detail. Then, six examples involving single operation units are 

presented. Finally, in order to utilize the full applicational capa­

bility of DESPAC2 development of a separation flowsheet consisting of 

various unit computations, will be attempted. 

4.1 AN EXAMPLE RUN TO SHOW THE OPERATION OF DESPAC2 

As shown in Appendix G immediately after the executive command 

statement, DESPAC2 prompts the user.a menu with several options to 

select from. Firstly, the user has to retrieve physical constants 

from the library file by entering 111111 from the menu to operate sub­

routine RETREV. Then, the name of the library file of thermophysical 

properties of components must be entered (i.e. PUBDAT, VLE). 
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After this step the user has to supply the names of the components 

required. The program is conducted by selecting "12" from the menu 

which employs subroutine SYSTEM. This subroutine presents three 

models for vapour enthalpy, four models for liquid enthalpy and three 

models for vapor-liquid equilibrium calculations. The user has to 

select one model for each calculation. Components involved are selected 

.by their codes, i.e. 001002 etc. After these steps it is possible to 

select the unit computation .required. For phase calculation the user 

has to select "3" from the menu. DESPAC2 requests values of parameters 

by typing the 11.11 in column 1. To assign values to these parameters, 

the user enters a list of required parameters followed by a ";". If 

the user is interested in changing one or more parameters be can repeat 

the whole calculation supplying the new value of the parameter(s). To 

operate another modelling routine the user has to enter "N" to negate 

the "REPEAT? (Y or N)" question, and then enter the code of the desired 

modelling routine, i.e. "4" for FLASH. The necessary steps are the 

same as before and their details can be followed in the computer output 

of the sample run and data file simultaneously which are presented in 

the following pages. 

The italic characters on the computer output represent the res­

ponse of the user during the interactive run of the program. The INPUT 

data file (which follows the example run) can also be prepared for the 

batch run of the program (Refer to Appendix G). 

If the user selects "18" from the menu the program is stopped. 

It is recommended that Appendix F which explains the input and 
I 

output symbol descriptions of the computer output(s) and data file(s) 

is referred to before reviewing the example(s). 
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EXAMPLE RUN 

PHASE AND FLASH CALCULATIONS 
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DESPAC.5.E: (6-APR-81) 

PROCEDURES: 
1~KVALUE 
2'!'ENTHALFY 
3 .. P HA SE 
4.FLASH 
5~ABS~Df.l 
6."iCCABE 

7. SHTCllT 
8. COLU~N 
9.Ct:ROA 

10 .. CaLC ST 
21. HE x 
22. EX T 

SELECT PRCC£:DURE: 11 

11.R rr REV 
12.SYSTE~ 
13.DEFINE 
14.5TOI(£: 
1 S .. A CHIT 

17.flrlP 
18.STOP 
19.TInE AND DAn 

. RETREV - RETRIEVE FHY~ICAL CONSTANTS fRO~ OIS~ fILES 

(NTER NAM. Of FILE (RETURN FOR PUI:3LlC DATA):PUBDAT 
.DATA wIll aE RETRIEvED FRCM FILl PUBDAT 

RETRIEvE ALL COHPONENT~ FRON FILE? (Y OR N): N 

NA PIE COHPONENT TC BE RETRIeVED ( RE. TU RI~ TO EN 0) : WATER 
... COMPOHENT 1 IS \liA TE. P. 

NAME COMPONENT TO 8E "F.Tf\ IE'V EO (Ri:TURN TO EN D) : METHANOL 
... CaMP Oil EN T 2 IS METHANOL 

NA~E COr1PCNENT TO 8£ R !::T R lEv ED (RETURN TO F.ri 0) : ETHANOL 
• COMP Ot/ENT 3 IS ET H/.NO L 

NAKE GOMPONENT TO 8E RETRIEVED (R£TURN TO END): -
LIBRARY IS REDEFI~ED. SYSTEM IS UNDEFINED. 

PROCEDURES: 
1.KVALUE 
2~ENTHALFY 
3tPHAS~ 
4.FLASH 5'.,. 8S ED M 
6.I'ICCABE 

7. SHTC liT 
8. CO LU'1N 
9.CERDA 

1C.COLCST 
21.HEX 
22. EX T 

SELECT PRCCEDUR£: 12 

11.RETREV 
12.SYSn:!>I 
13.1i Ef IN f. 
14.STOR£ 
15.A CTFI T 

SYSTEI4 - DEFINE COP'PONENTS 1/-( SYSTEM 

!l!ODELS FOR VAPOR ENTHALPY HV: 
1. IDOL SOLl/TION OF PERFECT GASES. 

17.HrLP 
18.STOP 
19.TI"~E AhD DATE. 

2. RESIDUAL ENTHALPY FROM VIRIAL EaU~TIOH ~F STATE. 
3. RESIDUAL ENTHnpy FROfl REDLICH-KWONG rC.!UATION. 

MODELS fa" LIltUID ENTHALPY HL: 
1. IDE AL SOL UT ION OF SAT U 1\ "T E D LI QUI D S • 
2. IDEAL SOLUTION WITH PRESSURE COR~F.CTION. 
3 •. EXCESS ENTH~LPY fRU~ WILSON EaUATION. 
4. RESIDUAL ENTHIILPY FRC~i REDLICH-KwONG E:UUATION. 

MODELS FOk VLL CALCULATIOhS: 
1. LIQUID: IoiILSON ACnVlTY;vAPOI\: VIRIAL EU" OF STATE. 
2. PRAUSNITZ-CHUEH vERSION OF REDLICH-KwONG rQUATION~ 
~ LIQUID: IDEAL SOlUTICH, AN~OINE EJUATION ; 

V AP OR: ,DA L 1 011 • S L A~. 
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SE.LECT rlOOELS FO" HV,HL,VLE ( BLANK THE~ RETURN FOR 1 1 1>: 113 
SHECT CO"PONt.~TS <0 FOk HELP): 001002003 



r.------------------------.;;;·- --.,--- ------- - -----3g-----~----~-=--· 

SELECTEO CO~PONENTS: 
V ,- 1. WATER 

v 

'---

. '--

, -

\~ 

,,2.I1ETHANOL 
3. ETHAt.OL 

YAPOR EH1HALPY: IDEAL SOLUTION OF PEqfECT, GASES. 
LIQUID ENT~~LPY: IDlAL SOLUTION CF SATURATED L!QUIDS. 
K-YALUES: RAOUL1'S LAlli. 

17.HfLP 
18.STOP 

P ROC ED U RES: 
1'.K VALUE 
2~E NTHALFY 
3.PHASE 
,,'.FLASH 

7. SHTC UT 
8 .. CO LU.'il" 
9. CERD ," 

11.RETfH:.V 
12 .. SYSn=:~ 
13.DEFIHE 
14. S TO RE 
15.A CTF IT 

19.TIHE AliO DATE 

5~1\ 8S EO 11 
6.I1CCABE 

1C.COLCST 
21. HE X 
22.EXT 

snECT PRCCt.DURE: 3 

PHASE - BuBBLE POINT AND DEW POI'-n CALCULATlOii 

ENTER INPUT PARA~E'ERS (P,T,Z, TLO,TUP,PLO,PUP ; ) 

+: P = 1, T = 350, Z == 2,3,5; 

PHAS E RE S uL T S "JUSELE P OlNT- , --DEw POINT--
P = , 1. COO 5T = 348.839 DT = 354.401 
T = 35U .CO(; oP = 1. n4 6 DP = .8408 

1 COMPOtlENT Y!3T (I) Y SP (I) XDTCI> X DP (1) 
" 

1. WATER .'U ?<i4 .U796 .4014 .4038 
i. HETHAtlOL ~4 649 .4638 .1585 .1560 
3. ETHA NC.L - .4558 .4506 .4401 .44l12 

R E PE AT? 0 0 R N): Y 
ENTE.R It/PUT PARAHETERS (P,T,Z, TLCuTUP,PLO,PUP ; ) 

+: P = 2; 

PHAS E RE S t.:L T S -BUSELE 
P = 2. C 1)0 8T = 
T = 35U.CO(i E>P = 

I COliPOtlEN1 Y 81 (1) 

1. WATeR • .. C 8:!5 2: I"ETtlANOL A4HO 
3;~ ETHANCL .4 C E5 

REPE AT? (y OR 1-1): N 

POI NT- --DEW 
367.820 DT = 

1.046 DP = 

Yap(l) X DT <I) 
.L:796 .3922 
.4638 .1603 
.4566 .4395 

PO ItH--
373.337 

.8408 

X OP (I ) 
.4038 
.1560 
.4 4U 2 

17.H:LP 
18.STOP 

HI> 
.2000 
.3(lGO 
.50lJO 

Z (l) 
.201.;0 
.30lJO 
.5000 

PR,PC fDUR E $: 
1.I<.YALUE 
2'"ENTHALPY 
3~P HASE 

7. SH TC UT 
~. COLU'1N 
9.CERD.~ 

11. RET RE V 
12.SYSTEIf 
13.DEfltH 
14.STOR~ 
1S .. ACTrIT 

19.TII'IE AND DATE. 
4.F LASH 
S'.t.BSEDI'! 
6'."ICCA8[ 

1C.CCLCST 
21. HE X 
~2. D T 

SELECT PROClDuRl: 4 



r 

\.... 

I...-

~. 

\.... 

" .. 
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\.... 
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FLAS~ CALCULATIONS 

___ . __ " __ ~~~ 4~~~. __ ~~~~~~ 
I 

SEL.ECT TYPE OF FLASH: 

*1.PQ 2.T~ 3.QV 4.TV 5.PV C.TP 7.ENTHALPY 8.DONE 
ENTE R IN PUT PI. RA /lEYf R5 

7 

* CT,P ,Z, (GIJES S, X, y, v) ; 

.. : T = 350, P = 1, 

FLAS H RESULTS 
HF = -2 .. 53131:: 1"U S 
HL = -2.6499E-t05 
HV = -2.1849t:"U5 

1 CO!'lPOtlEkT 
11' WATER 
2" I'IETHA~OL 

3~ ETHANCL 

R E PE AT? (Y 0 R to: Y 
ENTE R IrIPl.;T PI\Rt.~ETERS 

Z = 2,3,5; 

T = 3 SU. L OQ 
P = 1.GOO 
v = .. 25 S[; 

)I. (I) Y (I ) 
.. 23sr .0978 
Q'Z 592 .4191 
.5058 ,,4831 

+(T,P,Z,(GUESS,X,V,v); ) 

*:P=1.5; 

FLAS H RE SUl T S 
HF = -2.6316£*05 T = 350~GC(J 
HL = -2.6316E*G5 P = 1 ,,5 Cll 
HV = -2.1638£1"05 V = .COOu 

I COI'IPOr-ENT X (1) HI) 

1, WATER .20(JO .1179b 
2 .. f':ETHHOL .3000 .463 S 
3. ETHA tiel .50Ufl .4506 

Rt:PE AT? (y OR N): N 

zeI> X I(!) 

.20Q,l .1248 

.31'JuO .3562 

.5 aUi) .2463 

HI> XI( !) 

.2 Qu r. O. 

.3000 o. 

.5000 o. 

*1.P~ 2~TQ 3.IlV 4.T\I 5.PV 6"TP 7.ENTHALPV B.DONE : 8 

17.HfLP 
18.STOP 

K(U 
.4164 
1.617 
.9550 

K(I) 
.2770 
1.078 
.6307 

PROC EOURES: 
1.I(VALUE 
2:.E NTHALPV 
3.PHASE 

-7.SHTCUl 
e. CCLU:H. 
9.CERDA 

10.COlCST 

11.RETREV 
12.SYSTE~ 
13.1i E F 11; F. 
H.STOR£; 
15.ACTFIT 

19.TIfoiE AND DAn 
4,F LA SH 
5 .• ABSEDt.< 
6.HCCA8E 

21. HEX 
22. EX T 

SHE CT P R OCt:DU RE: 18 
PROGRA"1 IS STOPPED 
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PUBDA T 
N 

\.I WATER 
tint!" NOL 
ETHAN OL 

12 
113 
00100200.5 
3 
P=1,T=350,2=2,3,S; 
y 
P=2; 
N 

'-- 4 
7 
T=35J,P=1,2=2,.3,5; 
y 
p=f.S; 
N 
8 
18 
21.0S.3d.UCLP, au, P04 , C .. 241J<.LI-lS. 

INPUT data fl1e for the batch run of the program. 

41 
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4.2 EXAMPLES FOR SINGLE OPERATION UNITS 

DESPAC2 can solve steady-state problems for single operation 

units. In order to illustrate this capability of DESPAC2, six examples 

are tested for single operation units. Two of them are for the multi­

component liquid-liquid extraction and one for the. shell-and-tube h~at 

exchanger. ,For binary distillation, one example is studied. One example 

is tested for the shortcut multicomponent distillation. The results of 

the shortcut multicomponent distillation are used to calculate the size 

and the cost of the calculated column. 

The methods and the routines employed for each example can be 

listed as follows: 

Method 

Example 1: McCabe Thiele Binary Distillation 

Example 2: Shortcut Multicomponent Distillation 

Example 3: Shortcut Multicomponent Distillation 
and Sizing and Costing of the Calculated 
Column 

Example 4: Multicomponent Liquid-Liquid Extraction 

Example 5: Multicomponent Liquid-Liquid Extraction 

Example 6: Shell-and-Tube Heat Exchanger 

4.2.1 Example 1 

McCabe-Thiele Binary Distillation (MCCABE) 

Problem Statement: 

Routine 

MCCABE 

SHTCUT 

CERDA 

EXT 

EXT 

HEX 

This example is taken from McCabe and Smith [29] (page 560). 
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A fractioning column is to be designed to separate a mixt~re 

of benzene and toluene. The feed rate is 350 lbmol/hr and it contains 

0.44 percent benzene. Benzene percentage in the overhead product is 

0.974 and overhead product rate is 153.4 lbmol/hr. A reflux ratio of 

3.5 moles to 1 mole of product is to be used. 

a) Calculate the moles of bottom product per hour, and benzene 

percentage in the bottom product. 

b) Determine the number of ideal plates and the position of the 

feed plate, if' the feed is saturated liquid.' 

As explained in the previous example run, routines RETREV and 

SYSTEM must be supplied to select the components, e.g. benzene and 

toluene, and the models required to calculate the liquid enthalpy, vapor 

enthalpy and vapor-liquid equilibrium calculations. In order to employ 

the McCabe-Thiele calculation method (MCCABE) the user.has to choose 

procedure number n6" from. the menu. Routine MCCABE requires RATIO, 

ALPHA, Q, ETA, XF, XD, F and D parameters to execute the method. 

Appendix H presents the particular values of the above parameters and 

the computer output of DESPAC2 for this application. Symbol descriptions 

can be found in Appendix F. 

In Table 4.1 results of DESPAC2 a~d of McCabe and Smith [29] are 

tabulated. Results of DESPAC2 are in close agreement with that of 

McCabe and Smith [29] as shown in Table 4.1 below. 
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TABLE 4.1 - Results of the McCabe-Thiele Method 

DESPAC2 McCabe & Smith [29] 

x 0.0233 0.0235 w 

w (kmo1/h) 196.6 196.6 

L 905.93 not available (n.a.) 

V 1059.3 n.a. 

LB 1255.9 n.a. 

VB 1059.3 n.a. 

NT 7 7 

NB 5 5 

4.2.2 Example 2 

Shortcut Mu1ticomponent Distillation (SHTCUT) 

Problem Statement: 

This example is obtained from Perry and Chilton [31J, page. 13.27. 

A large butane-pentane splitter is to be shut down for repairs. 

Some of its feed will be diverted temporarily to a smaller column has 

only 11 bubble-cap trays plus a partial reboi1er. The feed enters on 

the middle tray. Past experience on similar feeds indicates that the 

11 trays plus reboi1er are equivalent to 10 equilibrium stages and the 

column has a maximum top vapor·capacity of 1.75 times the feed rate on 

a mole basis. Column will operate at a pressure of 120 1b/in2 (8.271 bar) • 

. The feed will be at its bubble point (q = 1.0) at temperature of 1850 F 

(358oK).· The feed has the following composition. 
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Component FXF (mole%) 

C3 
5 

i-C 
4 

15 

n-C 
4 

25 

i-C 5 
20 

n-C 35 
5 

100 

The original column normally ha.s less than 2 mole percent i-C 5 

in the .overhead and less than 3 mole percent n-c
4 

in the bottom 

product. Can these product purities be produced on the smaller 

column? 

After calling RETREV and SYSTEM routines to select the components 

and models required, procedure number "7" from the menu must be selected 

to employ the shortcut multicomponent distillation method (SHTCUT). The 

user has to specify the column, the method to find reflux ratio and 

whether the relative volatilities are calculated automatically or not. 

Depending on the combination of the above mentioned specifications, 

which are presented in Appendix F, the user may enter the parameters 

required. In this particular example a new column is specified. Re­

flux ratio is found as a function of VMAX. Relative volatilities will 

be calculated by calling the routine FLSHTP. Depending on the selec­

tions above for this problem the user has to enter F, LKEY, Q, XF, 

VFMAX, T, P, FTL and FBH (Information on these computer abbreviations 

are given in Appendix F). The computer output for this problem and 

the relevant data file are presented in Appendix H. 



Results of DESPAC2 and .that of Perry and Chilton [31J are 

tabulated in Table 4.2. 
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Results of DESPAC2 and Perry and Chilton [31] close to each other, 

the deviations should be resulting from the relative volatilities 

employed in the two calculations. -

Recalling the calculated results of DESPAC2, it is concluded 

that product purities can be produced on the smaller column. 

4.2.3 Example 3 

Shortcut Multicomponent Distillation (CERDA) & Sizing and Costing 

of the Calculated Column (COLCST) 

This example problem is the same as example 2, but after calling 

RETREV and SYSTEM routines, number 119
11 from the menu is selected to 

employ shortcut multicomponent distillation method· (CERDA) instead 

of SHTCUT. Hence the results of CERDA can be passed on COLCST routine 

which estimates the size and cost of the distillation column. Values 

of F, XF, LKEY, HKEY, FTL, FBH, T, P, Q, RFAC and COST must be supplied 

after selection of CERDA. If the value of COST is not equal to zero, 

CERDA calls the routine COLCST·which requests column construction, 

column material, tray material, tray type, surface tension of liquid, 

tray spacing, active plate area, operating superficial velocity and 

current cost index. Symbol descriptions of·parameters are explained 

in Appendix F. 

Appendix H presents the particular values of the parameters 

(in the INPUT data file) and the computer output of DESPAC2 for this 

application. 



TABLE 4.2 - Results of the Shortcut Multicomponent Distillation (SHTCUT) 

DESPAC2 Perry & Chilton [31] 

FTL = 0.98 SMIN = 7.19 D = 49.15(kmo1/h) FLT = 0.98 SMIN = 7 
FTR = 3.37 R = 2.5605 B = 50.85(kmo1/h) FTR = 5 R = 2.519 

SD =10.31 RMIN = 0.877 F = 100 (kmo1/h) SD =11 RMIN = 0.9782 

Component XF( I) XD(I) XB{I) AL(I) XI( I) XF{ I) XD( I) XB( I) 

t. propane 0.05 0.1017 0.0 6.3826 1.'00 0.05 0.1004 0.0 

2. i-butane 0.15 0.3042 0.0009 2.8117 0.9969 0.15 0.2996 0.0017 

3. n-butane 0.25 0.4985 0.0098 2. 1636 0.98 0.25 0.4852 0.0168 

4. ; - pentane 0.20 0.0651 0.3304 l.00 0.16 0.20 0.070 0.3283 

5. n-pentane 0.35 0.0305 0.6589 0.81739 0.0427 0.35 0.448 0.6532 

o = 48.9(kmo1!h) 
B = 5l.1(kmol!h) 

F = 100 (kmol/h) 

AL~I) 

4.98 

2.61· 

2.02 

1.00 

0.851 

XI (I) 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. 

~ 
'-J 
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Results of CERDA and COLCST routines are presented in Table 4.2.a 
and 4.2.b, respectively. 

TABLE 4.2.a - Results of the Shortcut Mu1ticomponent 
Distillation (CERDA) 

NT = 0.8 T = 358.000 RFAC = 1.2000 
NB = 22.8 P = 8.270 RT = 1.2810 LT = 61.11 
F = 100.00 Q = 1.000 RTMIN = 1.0675 VT = 108.81 
D = 47.70 FTL= 0.9800 RB = 2.0804 LB = 161.11 
B = 52.30 FBH = 0.8400 RB~lIN = 1.8857 VB = 108.81 

Com~onent XF(I) XD( I) XB(I} AL(I} K( I) 
propane 0.05 0.1048 0.0000 6~383 3.926 

i-butane 0.15 0.3145 0.0000 2.812 1. 730 
n-butane 0.25 0.5136 0.0096 2.164 1.331 
i-pentane 0.20 0.0671 0.3212 1.000 0.6151 
n-pentane 0.35 0.000 0.6692 0.8174 0.5028 

TABLE 4.2.b - The Size and the Cost of the Distillation Column 

GUTHRIE COLUMN COSTING 

Liquid f1owrate(g/s) = 0.116x105 

Vapor f10wrate (g/s) = 7836 
Surface tension(N/m) = 0.02 
Active area fraction = 0.7 

Number of trays = 24.62 

Tray spacing (m) = 0 . .3 

Pressure (bar) = 8.27 
Diameter (m) = 1.955 

Hei ght (m) = 13.09 

Pressure factor = 1. 064 
Materi a 1 factor = 1. 000 
Mat1-prs factor = 1. 064 
Module factor = 4.230 

I 

COSTS, 1000 $ INSTALLED 
Column: 186.666 
Trays : 12·.519 
Total . 199.186 . 

Liquid density(g/m3 ) 

Vapor density (g/m 3 ) 

Column construction 
Column material 

Tray mat"eri a 1 

Tray type 

Cost index 
Flooding velocity 

(m/s) 
Operating velocity 

(m/s) 

= 0.5526x106 

= 0.2001x10 5 

= clad 
= carbon 

steel 
= carbon 

steel 
= Grid, Plate 

or sieve 
= 350.0 
= 0.2331 

= 0.1865 

Tray spacing factor = 2.20 
Tray material factor = 0.00 
Tray type·factor = 0.00 
Tray mat-spac factor = 2.20 

BASE COST, 1968 
14.283 
1.870 
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4.2.4 Example 4: 

Multicomponent Liquid-Liquid Extraction (EXT) 

Problem Statement: 

First example for liquid-liquid extraction is obtained from Sen [37]. 

An equimolar mixture of acetone (1) and ethanol (2) is to be 

separated in a 15 stage extraction column. Feed rate is 0.2 kmol/h. 

Two solvents, chloroform (3) and water (4) are used, and their flow 

rates are 0.8 kmol/h and 1 kmol/h, respectively. 

Hanson et al. [20J used the 3-suffix Morgules equation for the 

calculation of the activity coefficients, and gave the binary data as 

shown in Table 4.3. 

TABLE 4.3 - 3-Suffix Margules Binary Interaction Parameters 

(1) - Acetone (3) - Chloroform 
(2) - Ethanol (4) - Water 

Species i 1 1 1 2 2 3 

Species j 2 3 4 3 4 4 

Aij 0.5446 -0.9417 1.8720 1.6100 1.4600 5.9100 

Aji 0.5990 -0.6740 1.3380 0.5010 0.8770 4.760 

--



-
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Initially routines RETREV and SYSTEM must be selected, and then 

number 112211 is chosen to employ multicomponent liquid-liquid extraction 

(EXT). Routine EXT requires BAllPR, TIMINC, Hl, H2, M, N, TOl, SREST, 

SNORM, SACTC, SWRlT, COMPS, CO~1PN, STARS, initially assumed profiles 

of Xl, X2, Fl and F2, XF, FF and AVAl. In Appendix H, these particular 

values of the above parameters and the computer output of DESPAC2 are 

presented. Symbol descriptions are explained in Appendix F. 

Table 4.4 tabulates the initially assumed profiles which are 

taken from Hanson et.al.[20J. The results of Sen [37J and that of 

DESPAC2 are given in Table 4.5 and Table 4.6, respectively. 

Although the input data and the algorithm to solve this problem 

are the same, the results of DESPAC2 and Sen [37J are slightly different 

due to the round off criteria of computer systems; UNIVAC 1106 has eight­

digit accuracy on the other hand CDC-Cyber 170/815 has 16-digit accuracy, 

i.e. the CDC's normal operation mode corresponds to the double precision 

mode of the UNIVAC 1106. 

4.2.5 Example 5 

Multicomponent liquid-liqu~d Extraction (EXT) 

Problem Statement: 

Second example for multicomponent liquid-liquid extraction is 

taken from Sen [37]. 

In order to separate a mixture of n-heptane (1), and cyclo­

hexane (2), pure furfural (3) is used as the solvent. Flow rate of 

the mixture is 100 kmol/h and that of the solvent is 1210 kmol/h. 

Extraction column has 16 stages. 



TABLE 4.4 - Initially-Assumed Profiles for Example 4 

Heav.l Phase Light Phase 
ComEonent Mole Fractions ComEonent Mole Fractions 

Stage Overall Flow Acetone Ethanol Chloroform Water Overall Flow Acetone Ethanol Chloroform Water 
No~ Rate (kmol/h) Rate (kmol/h) 

1 1.0 0.1080 0.0430 0.7940 0.0150 1.0 0.0089 0.0328 0.0024 0.9998 
2 1.0 0.1170 0.0750 0.7960 0.0140 1.0 0.0096 0.0578 0.0024 0.9849 
3 1.0 0.1190 0.0900 0.7960 0.0140 1.0 0.0098 0.0689 0.0024 0.9703 
4 1.0 o. 121 0 0.0970 0.7960 0.0140 1.0 0.0099 0.0740 0.0024 0.9558 
5 1.0 0.1220 0.1010 0.7960 0.0140 1.0 0.0100 0.0773 0.0024 0.9413 
6 1.0 0.1240 0.1050 0.7960 0.0140 1.0 0.0102 0.0801 0.0024 0.9276 
7 1.0 0.1260 0.1100 0.7960 0.0130 1.0 0.0104 0.0839 0.0024 0.9138 
8 1.0 0.1290 0.1180 0.7960 0.0130 1.0 0.0106 0.0902 0.0024 0.9002 
9 1.0 0.1310 0.1320 0.7960 0.0130 1.0 . 0.0108 0.1010 0.0024 0.8868 

10 1.0 0.1340 0.1570 0.7960 0.0130 1.0 0.0110 0.1199 . 0.0024 0.8711 
11 0.8 0.0460 0.1250 0.9950 0.0120 1.0 0.0038 0.0961 0.0030 0.8607 
12 0.8 0.0320 0.1070 0.9970 0.0120 1.0 0.0027 0.0820 0.0030 0.8505 

13 0.8 0.0250 0.0930 0.9970 0.0120 1.0 0.0021 0.0713 0.0030 0.8403 
14 0.8 0.0170 0.0770 0.9980 0.0120 1.0 0.0014 0.0587 0.0030 0.8302 

15 0.8 0.0090 0.0500 0.9990 0.0120 1.0· 0.0008 0.0382 0.0030 0.8107 

(J"1 
~ 



TABLE 4.5 - Results of the Multicomponent Liquid-Liquid Extraction 
by Sen [37] 

Heavy Phase Light Phase 

Component Mole Fractions Component Mole Fractions 

Stage Overall Flow Acetone Ethanol Chloroform Water Overall Flow Acetone Ethanol Chloroform Water No. Rate (kmol/h) Rate (kmol/h) 

1 0.951 0.10515 0.04389 0.83672 0.01423 1.062 0.00903 0.04276 0.00332 0.94490 

2 1.013 0.10816 0.08601 0.78879 0.01704 1. 115 0.01076 0.08110 0.00430 0.90384 

3 1.066 0.10507 0.12399 0.75108 0.01987 1.163 0.01168 0.11303 0.00533 0.86997 

4 1.114 0.10196 0.15549 0.71991 0.02264 1.202 0.01230 ' 0.13659 0.00620 0.84491 
5' 1.153 0.09958 0.17863 0.69679 0.02501 1.228 0.01267 0.15162 0.00681 0.82891 

6 1.179 0.09801 0.19334 0.68196 0.02669 1.244 0.01285 0.15995 0.00715 0.82004 

7 1.194 0.09711 0.20148 0.67373 0.02768 1.251 0.01293 0.16411 0.00732 0.81564 

8 1.202 0.09665 0.20553 0.66963 0.02819 1.255 0.01296 0.16607 0.00740 0.81357 

9 1.206 0.09643 0.20743 0.66771 0.02843 1.256 0.01298 0.16696 0.00743 0.81262 

10 1.207 0.09633 0.20830 0.66683 0.02854 1.235 0.01298 0.16738 0.00745 0.81218 

11 0.986 0.01626 0.15055 0.81609 0.01710 1 .193 0.00173 0.15197 0.00763 0.83867 

12 0.944 0.00219 0.13033 0.85231 0.01517 1.168 0.00021 0.13696 0.00705 0.85578 

13 0.919 0.00027 0.11065 0.87508 0.01400 1.139 0.00002 0.11799 0.00622 0.87577 

14 0.890 0.00003 0.08554 0.90168 0.01274 1.104 0.00000 ,0.09226 0.00522 0.90252 

15 0.855 0.00000 0.05096 0.93781 0.01123 1.049 0.00000 0.05557 0.00405 0.94039 

c.n 
N 



TABLE 4.6 - Results of the Multicomponent Liquid-Liquid Extraction by DESPAC2 

Heav~ Phase Light Phase 
ComEonent Mole Fractions ComEonentMole Fractions' 

Stage Overall Flow Overall Flow Acetone Ethanol Chloroform Water 
No. Rate (kmol/h) Acetone Ethanol Chloroform Water Rate (kmol/h) 

1 0.951 0.10510 0.04401 0.83665 0.01423 1.062 0.00903 0.04287 0.00332 0.04479 

2 1.013 0.10810 0.08624 0.78868 0.01698 1.113 0.01078 0.08149 0.00431 0.90342 

3 1.066 0.10503 0.12439 0.75084 0.01974 1. 161 ' 0.01172 0.11378 0.00533 0.86917 
4 1.115 0.10192 0.15610 0.71948 0.0225 1.200 0.01235 0.13756 0.00622 0.84388 

5 1.154 0.09952 0.17942 0.69616 0.02491 ' 1.227 0.01272 0.15269 0.00683 0.82776 

6 1 • 181 0.09793 0.19425 0.68116 0.02666 1.243 0.01290 0.16097 0.00719 0.81844 

7 1.196 0.09703 0.20237 0.67288 0.02772 1.251 0.01297 0.16488 0.00736 0.81474 

8 1.203 0.09658 0.20621 0.66895 0.02820 1.255 0.01299 0.16647 0.00742 0.81312 

9 1.206 0.09639 0.20779 0.66734 0.02847 1.256 0.01298 0.16702 0.00743 0.81257 

10 1.207 0.0963'2 0.20834 0.66680 0.02853 1.234 0.01298 0.16726 0.00744 0.81232 

11 0.986 0.01625 0.15039 0.81631 0.01705 1 .191 0.00173 0.15183 0.00761 0.83833 

12 0.944 0.00218 0.13006 0.85264 0.01512 1.166 0.00021 0.13675 0.00702 0.85601 

13 0.918 0.00027 0.11037 0.87542 0.01395 1.138 0.00002 0.11780, 0.00620 0.87598 

14 0.890 0.00003 0.08534 0.90192 0.01270 1 .103 0.00000 0.09211 0.00520 0.90268 

15 0.855 0.00000 0.05091 0.93782 0.01126 1.051 0.00000 0.05532 0.00402 0.94066 

U'1 
w 
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In this case to calculate the activity coefficients NRTL equation 

is used. NRTL binary data is obtained from Sen [37] and tabulated in 

Table 4.7. 

TABLE 4.7 - NRTL Binary Interaction Parameters 

(1) - n-heptane, (2) - Cyclohexane, (3) - Furfural 
T = 300 C 

Species i Species j a .. C .. C .. 
~J ~J J~ 

(cal/mol e) (cal/mol e) 

1 2 0.30 -535 611 

1 3 0.35 1401 1418 

2 3 0.35 1443 992 

After employing RETREV, and SYSTEM routines, the user selects 

EXT routine and enters the particular values of this problem for the 

parameters required which are presented in the Example 4. 

The computer output and the INPUT data file of this problem 

are given in Appendix H. 

Table 4.8 tabulates the initially-assumed profiles. The results 

of Sen [37] and DESPAC2 are presented in Table 4.9 and Table 4.10 res­

pectively. The results are slightly different due to the accuracy of 

UNIVAC 1106 and CDC Cyber 170/815 computer systems as discussed earlier 

in Example 4. 



Stage Overa 11 Fl ow 
No. Rat~ 

(J) (kmol/h) 

1 <j2.l6 1240 

TABLE 4.8 - Initially-Assumed Profiles for Example 5 

Heavy Phase Overall Flow Light Phase 
Component Mole Fractions Rate Component Mole Fractions 

n-heptane Cyclohexane Furfural (kmol/h) n-heptane Cyclohexane Furfural 

0.02 0.08 0.90 70 0.70 0.10 0.20 

(J1 
(J1 



TABLE 4.9 - Results of the Mu1ticomponent Liquid-Liquid Extraction by Sen [37] 

Stage Overall Flow Heavy Phase Overall Flow Light Phase 
No. Rate (kmo1/h) ComEonent Mole Fractions Rate (kmo1/h) ComEonent Mole Fractions 

n-heptane Cyc10hexane Furfural n-heptane Cyc10hexane Furfural 

1 1297.833 0.03853 0.03853 0.92295 48.846 0.57520 0.34949 0.07531 
2 1246.488 0.02247 0.01365 0.96387 10.673 0.09234 0.04176 0.86590 

3. 1208.408 0.00073 0.00034 0.99893 12.812 0.00073 0.00034 0.99893 

4 1210.296 0.00001 0.00000 0.99999 12.668 0.00001 0.00000 0.99999 

5 1208.298 0.00000 0.00000 1.00000 12.892 0.00000 0.00000 1.00000 

6 1208.813 0.00000 0.00000 1.00000 12.795 0.00000 0.00000 1.00000 

7 1208.753 0.00000 0.00000 1.00000 12. 150 0.00000 0.00000 1.00000 
8 1208.048 0.00000 0.00000 1.00000 12.150 0.00000 0.00000 1.00000 

9 1208.045 0.00000 0.00000 1.00000 12.150 0.00000 0.00000 1.00000 

10 1208.050 0.00000 0.00000 1.00000 12.150 0.00000 0.00000 1.00000 

11 1208.054 0.00000 0.00000 1.00000 12.150 0.00000 0.00000 1.00000 

12 1208.059 0.00000 0.00000 1.00000 12. 150 0.00000 0.00000 1.00000 

13 1208.064 0.00000 0.00000 1. 00000 12. 150 0.00000 0.00000 1.00000 

14 1208.068 0.00000 0.00000 1.00000 12. 150 0.00000 ·0.00000 1.00000 

15 1208.073 0.00000 0.00000 1.00000 12. 150 0.00000 0.00000 1.00000 
U"1 

16 1208.077 0.00000 0.00000 1.00000 12. 150 0.00000 0.00000 1.00000 0'\ 



TABLE 4.10 - Results of the Mu1ticomponent Liquid-Liquid Extraction by DESPAC2 

Heav~ Phase Light Phase 

Com~onent Mole Fractions Com~onent Mole Fractions 
Stage Overall Flow Overall Flow 

No. Rate (kmol/h) n-heptane Cyclohexane Furfural Rate (kmol/h) n':'heptane Cyclohexane Furfural 

1 1297.786 0.03853 0.03852 0.92295 48.788 0.57520 0.34946 0.07534 
2 1246.273 0.02241 0.01361 0.96398 11. 051 0.07688 0.03596 0.88716 

3 1208.737 0.00059 0.00029 0.00012 12.832 0.00059 0.00029 0.99912 

4 1205.417 0.00001 0.0000 0.9999 12.679 0.00001 0.0000 0.9999 
5 1205.640 0.0000 0.0000 1.0000 12.934 0.0000 0.0000 1.0000 

6 1204.128 0.0000 0.0000 1.0000 12.150 0.0000 ' 0.0000 1.0000 

7 1204.196 0.0000 0.0000 1.0000 12.150 0.0000 0.0000 1.0000 

8 1204.180 0.0000 0.0000 1.0000 12.150 0.0000 0.0000 1.0000 

9 1204.174 0.0000 0.0000 1.0000 12. 150 0.0000 0.0000 1.0000 

10 1204.168 0.0000 0.0000 1.0000 12.150 0.0000 0.0000 1.0000 

11 1204.162 0.0000 0.0000 1.0000 12.150 0.0000 0.0000 1.0000 
12 1204.156 0.0000 0.0000 1.0000 12. 150 0.0000 0.0000 1.0000 

13 1204.150 0.0000 0.0000 1.0000 12.150 0.0000 0.0000 1.0000 

14 1204.143 0.0000 0.0000 1.0000 12.150 0.0000 0.0000 1.0000 

15 1204.137 0.0000 0.0000 1.0000 12.150 ·0.0000 0.0000 1.0000 

16 1204.131 0.0000 0.0000 1.0000 12.150 0.0000 0.0000 1.0000 

tTl ...... 
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4.2.6 Exaniple 6 

Shell-and-Tube Heat Exchanger (HEX) 

Problem Statement: 

This example is .taken from Kern [25]. 

175000 lb/hr (22.07 kg/s) of distilled water enters an exchanger 

at 93
0

F (307 K) and leaves at 85
0F (302 K). The heat will be transformed 

o 
to 280000 lb/hr (35.31 kg/s) of raw water coming from supply at 75 F 

(297 K) and leaving the exchanger at 80
0

F (300 K). Fouling factor is 

0.0005 hr-fi-F/Btu for distilled water and 0.0015 hr-fi-F/Btu for raw 

water. 

For this exchanger 18 B.W.G, 3/4 in (19 mm) ·OD tubes will be used. 

Standard tube length is 16'0" (4.88 m). Tubes will be laid out or 15/16 in 

(23.8 mm) triangular pitch. The bundle is arranged for two passes and 

baffles are spaced 12 in (305 mm) apart. 

Inside and outside heat transfer coefficie~ts are obtained from 

Table 3.1 of Backhurst and Harker [3J as initial guesses and their values 

are assumed as the same and are 1150 Btu/hr~t2-0F (6530 w/m2-K) • 

The aim is to design a heat exchanger for the specified job. 

After calling routines RETREV and SYSTEM, number "21" is selected 

from the table to employ the shell-and-tube heat exchanger calculation 

method (HEX). Subroutine HEX requires the values of TH1, TH2, TC1, TC2, 

N, HO, HOO, HOI, HI, 01, DO, SL, NTP, PT, B, Y, DE, MCOMP, KH, KG, VISH, 

VISC, TETA, FLAG, EPS, SWCH, SWCH1, SWCH2 and CPL to execute the method. 
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Explanations about the above abbreviations are given in Appendix F. 

The computer output of DESPAC2 and the particular values of the 

above parameters are presented in Appendix H. 

Results of DESPAC2 and that.of Kern [25] are tabulated in 

Table 4.11. 

TABLE 4.11 - Results of the Shell-and-Tube Heat Exchanger 

DESPAC2 Results of Kern [25] 

UD (J/s-m2 -K) 1696.239 1470.602 

A (m 2 ) . 54.591 46.637 

NT 188 160 

DIS (mm) 389.989 387.35 

HI (J/s-m2 -K) 7917.169 6558.090 

HO (J/s-m2 -K) 6159.466 5734.78 

The difference between the results listed above may be due to 

the fact that different procedures were employed for calculations. 

In computer results, correction factor F, (for true counterflow) and 

allowing a 10 percent heat overload are also taken under consideration, 

whereas Kern [25J ignores these facts. DESPAC2 calculates hi and ho 

from empirical equations, on the other hand Kern [25J employs figures 

to find the JH factor which is used for the calculation of hi and ho 

values and this is the main cause of the differences in the results 

presented in Table 4.11. 
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4.3 PROCESS FLOWSHEET DEVELOPMENT 

The capabilities of DESPAC2 for the solution of individual 

processing units have been shown in the preceding example, i.e. from 

example 1 to example 6, and the results obtained have been discussed 

in relation to the results obtained from related references. 

Now, to demonstrate the capability and utility of DESPAC2 in 

process flowsheet development and synthesis calculations, a series 

of calculations are given. Firstly, a number of flowsheet alternatives 

are produced. After the elimination of some alternatives which do not 

seen to be feasible at the first glance the remaining ones are evaluated 

via DESPAC2 calculation. 

In order to perform a particular application a processing system 

to separate a mixture containing hydrogen chloride, (HC1), 10 percent; 

benzene, (B), 40 percent and 50 percent monochlorobenzene, (MCB) will 

be designed to obtain minimum 99.7 percent benzene at the top product, 

and 99.9 percent MCB at the bottom product. To reach the desired out-

put, numerous flowsheet configurations may be proposed. 

I 
min. 99.7% B 

Feed , 

HCl 10% 
? 

B 40% 
MCB 50% I 

~ min. 99.9% MCB 

Figure 4.1 - Specifications of the separation problem. 
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As depicted in Figure 4.1 the black box may contain unit computa­

tions with various processing configurations. 

As mentioned before DESPAC2 is capable of handling flash, dis­

tillation, absorption, liquid-liquid extraction and heat exchanger units. 

In order to check the applicability of the available units, firstly, 

some physical properties, which are of decisive importance such as 

boiling-point of the input species will be considered. Table 4.12, 

covers the boiling-point data of the input species. 

TABLE 4.12 - Boiling - Point Data 

Species 

HCl 

B 

MCB 

BP (~K at 1 atm) 

188 

353 

405 

Because of the substantial difference of the boiling-point of 

HCl and its corrosive character it seems logical to remove HCl at the 

beginning of the process. To take off HCl flash, distillation, absorp­

tion and extraction units may be proposeq. Extraction"may be performed 

using a polar solvent such as water which takes mainly HCl and some 

benzene and MCB from the mixture. Water forms an azeotropic mixture 

with HCl and also with benzene ([31J, Table 13.11 and Table 13.10). 

Since loss of benzene and MCB is inevitable in extraction, this method 

is not probably economical and then it will be diminished from further 

consideration. 
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The boiling point of HCl is extremely low which rejects the 

distillation for separation, thus this method is also abandoned. On 

the other hand, the remaining alternatives flash and absorption may 

be applicable to remove HC1. Absorption uses a solvent to remove one 

of the species from a gas mixture. Flash prepares the required phase 

separation of the mixture. After the removal of HCl from the mixture, 

it is reasonable to use a distillation column to separate benzene and 

MCB. 

Various proposed flowsheet configurations are depicted in Figure 

4.2. These configurations will be studied in Section 4.3.1 and Section 

4.3.2. 

4.3.1 Discussion of the Proposed Flowsheet Configurations 

(c), (d) and (e) 

Proposed flowsheets depicted in Figure 4.2 are studied starting 

from the most logical alternatives. Flowsheet (d) which is the improved 

version of flowsheet (c), and flowsheet (e) which is the modified ver­

sion of (d) seem to be the most appropriate configurations to reach 

the desired product purity. Consequently, flowsheets (d) and (e) are 

studied and explained, in detail, below. 

Firstly, the flowsheet (d) will be handled. Figure 4.3 is the 

detailed scheme of this flowsheet. 

As shown in Figure 4.3, the feed is separated into two phases 

in the flash unit (F-l). The vapor from F-l is sent to the absorber 

(A-l), and HCl is removed from the mixture using MCB as solvent. 
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Liquid products of (F-l) and (A-l) are mixed and sent to the distillation 

column (D-l) to separate benzene and MCB. Bottom product of (D-l) is 

passed through a heat-exchanger (H-l) so its temperature is reduced, 

then the required amount may be recycled to the absorber. 

DESPAC2 contains various types of flash calculations. Because 

the flash temperature and pressure are specified, FLSHTP is appropriate. 

ABSEDM and HEX routines are suitable for absorption and heat exchanger 

calculations. For the binary distillation, MCCABE is selected. In 

Appendices A and B, detailed information about FLSHTP, ABSEDM, HEX and 

MCCABE routines are given. 

Table 4.13 represents the available input data for the streams 

(i.e. SOl, S05, Sll) to and from the blocks, as shown in Figure 4.3. 

TABLE 4.13 - Input Data for Figure 4.3 

HCl 

B 

r~CB 

Total 

SOl 
(kmol/h) 

10 

40 

50 

100 

uegrees,K 

S05 
(kmol/h) 

o 

S09 
(kmol/h) 

o 

SlO 
(kmol/h) 

0.067281 39.9561 

100.61 

100.68 

0.099722 

40.056 

425.9 

S11 
(kmol/h) 

321.88 

The proposed process flow diagram will be tested at different 

flash temperatures, and these cases are explained in the following 

pages. 

The input data required for this example are obtained from 

FLOWTRAN [12J and presented in Appendjx I. 
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S09 

S05 Benzene 

S08 0-1 

Distillation 

S10 

H-l 
Heat Exchanger 

Sl1 

MCB 

Figure 4.3 - Detailed scheme of the proposed flowsheet (d) 
of Figure 4.2. . 
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CASE 1: 

Feed temperature is assumed as 200°F (366.48°K). Specifications 

and the results of the flash, absorption, distillation and heat exchanger 

units may be observed in the computer output and the relevant data file 

in Appendix H. Input and output symbol descriptions of computer outputs 

are explained in Appendix F. 

In DESPAC2, results of a unit computation can not be transferred 

to the other unit automatically~ The ·user.has to control the transfer 

of data between units. Negessarycalculations and conversio~s must be 

done manually. 

For this example, such calculations will be explained below and 

the procedure is the same.for the others. 

Feed is separated into two phases at T = 200°F (366.48°K). The 

input data for the flash unit are given below, 

T = 366.48°K 

P = 2.38 bar 

Z = 10, 40, 50 

HF = 26008 J/kmol 

The results of the flash unit are depicted in Table 4.14. 

The X(I), Y(I) and Z(I) values in Table 4.14 represent fractions 

of S03, S02 and SOl streams, respectively. XI(I) are the fractions of 

components entering in feed which leave in the vapor product. 
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TABLE 4.14 - Results of the Flash Unit 

Component X( 1) Y( 1) Z(1) XI (I) K( I) 

HCl 0.0103 0.6594 0.10 0.9108 63.73 

B 0.4216 0.2652 0.40 0.09157 0.629 

MCB 0.5680 0.0754 0.50 0.02084 0.1328 

The results of the flash unit are prepared as the input data 

for the absorber and the distillation column as follows: 

Calculation of 502: ------------------

Z(I) * XI(I) 

HCl 10 x 0.9108 

B 40 x 0.0916 

MCB 50 x 0.0208 

Total 

Calculation of 503: 

S03 = SOl - S02 

503. = 89.486 kmol/h 

S03 * X(I) 

HCl 89.486 x 0.0103 

B 89.486 x 0.4216 

MCB 89.486 x 0.5680 

Total 

S02 
(kmol/h) 

= 9.108 

= 0.366 

= 1.04 

= 10.514 

S03 
(kmol/h) 

= 0.921 

= 37.72 

= 50.83 

= 89.486 
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Y{I) values from the flash results are directly fed to the 

absorber. Recalling the total and the component flow rates of S05 

stream from Table 4.13, LT and XT(I) values are obtained as the input 

to the absorber. In Table 4.15 the input data for the absorber are 

presented. 

TABLE 4.15 - Input Data for the Absorber Unit 

TT = 326.37 K 

TB = 401.33 K 

P = 2.17 bar 

LT = 100.68 kmol/h, XT = 0., 0.0006683, 0.99 

VB = 10.514 kmol/h, YB = 0.6594, 0.2652, 0.0754 

N = 3 

Results of the absorber are tabulated in Table 4.16. 

TABLE 4.16 - Results of the Absorber Unit 

VT = 6.3251 kmol/h 
LB = 104.87 kmol/h 

Component XT(I) XB(I) YT(I) YB( I) X IT (I ) 

HCl 0.0 0.0077 0.9683 0.6594 0.99285 
~ 

B 0.0007 0.0272 0.0002 0.2652 0.01362 

MCB 0.9993 0.9651 0.0315 0.0754 0.00198 

XIB(I) 

0.11658 

0.99991 

1.00 

VT and YT(I) values correspond to the S04 stream, LB and XB(I) values 

correspond to the S06 stream. 



Preparation of the input data for the distillation column: 

LB * XB(I) S06 
(kmol/h) 

HCl 104.87 x 0.0072 = 0.807 

B 104.87 x 0.0272 = 2.852 

MCB 104.87 x 0.9651 = 101.21 

Total = 104.87 
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Liquid products from the bottoms of the flash and absorber 

units are S03 and S06, respectively. These are mixed to obtain S07 

stream as shown below: 

S03 S06 S07 X(I)S07 
(kmol/h) (kmol/h) (kmol/h) 

HCl 0.921 0.807 1.728 0.00889 

B 37.72 2.852 40.572 0.20877 

MCB 50.83 101. 21 152.04 0.78234 

Total 89.486 104.87 194.34 

Even small amounts of HCl will ,affect the no~-ideality of the 

system benzene and MCB considerably. However as can be concluded 

from the above results, the amount of HCl in the S07 stream is negli­

gible for a rough initial calculation. Therefore, S07 stream is 

recalculated and named as S08, as shown below. 

HCl 

B 

MCB 

Total 

S08 
(kmol/h} 

0.0 

40.572 

152.04 

192.61 

0.0 

0.2106 

0.7894 
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Consequently, binary distillation (MCCABE) can be employed. 

Required parameters for the distillation unit are presented 

in Table 4.17. Feed is given to the column at~ T = 259.91 oF . (from 

FLOWTRAN [12]). The distillate flow rate (D) and composition (XD) 

which correspond. to the S09 column of Table 4.13, are input to the 

column. On the other hand S08 and X(I)S08 values calculated above 

are entered as feed flow rate, F, and composition, XF, respectively. 

Reflux ratio is 1.3 which is obtained from Appendix F .. The user has 

to refer to Appendix F, for the values ofQ, Eta and Alpha. 

TABLE 4.17 - Input Data for the Distillation Unit 

Ratio = 1.3 

Alpha = 3.878 

Q = l. 

Eta = l. 

XF = 0.2106 

XD = 0.9975 

~ = 192.61 kmo1/h 

o = 40.056 kmo1/h 

In Table 4.18, results of the distillation column are tabulated. 

TABLE 4.18 - Results of the Distillation Unit 

XW = 0.004 LB = 278.09 

W = 152.56 kmol/h VB = 125.53 

L = 85.477 NT = 9 

V = 125.53 NB = 8 

Then, the amount and the composition of the bottom stream (SlO) are 

obtained, as follows: 



B 

MCB 

Total 

SlO 
(kmol/h) 

152.56 x 0.004 = . 0.61024 

152.56 x 0.996 = 151.949 

= 152.56 

0.004 

0.996 
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Results of DESPAC2 and the desired fractions at the bottom 

product are given in Table 4.19 for comparison. The results of 

DESPAC2 for the proposed flowsheet (d) at T = 200°F is not appropriate 

because the amount of MCB does not fulfill the minimum requirement 

and the amount of benzene is more than allowed. 

TABLE 4.19 - Results of CASE 1 for Figure 4.3. 

DESPAC2 Specified fractions % Difference 
at the bottom product 

SlO X(I)SlO X(I)SlO 
(kmo1/h) 

B 0.61024 0.0040 0.0010 75 

MCB 151. 949 0.9960 0.9990 0.4 

Total 152.56 

Bottom product obtained from the distillation column is passed 

through a 1~2 shell-and-tube heat exchanger. The input data required 

are given in Appendix H, and symbol descriptions are presented in 

Appendix F. 

The value of mcomp (1) is the flowrate of bottom product (kg/s) 

and mcomp (2) is the flow rate of water. (kg/s). 

Component 1 is the hot fluid (FLAG = 1), and hot fluid is in 
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the shell side (SWCH = 0), Triangular pitch arrangement is selected 

(SWCH1 = 0), and tube wall correction is neglected (SWCH2 = 0). 

Computer output and the corresponding INPUT data file are 

given in Appendix H. 

CASE 2: 

In order to obtain better results than that of CASE 1, feedtenperature 

is increased to 250°F (394.1 K). 

The computer output and the corresponding data file are presented 

in Appendix H. 

The same procedure of CASE 1 is repeated to transfer data between 

the routines representing the processing units in the f1owsheet. 

Calculated values of DESPAC2 and the specifications required, 

and their relative differences are given in Table 4.20. 

TABLE 4.20 - Results of CASE 2 for Figure 4.3. 

DESPAC2 Specified fractions % Difference at the bottom product 

S10 X(I)S10 X(I)S10 
(kmo1/h) 

B 0.090174 0.0006 0.0010 40 
-, 

MCB 150.199 0.9994 0.9990 0.04 

Total 150.29 

Calculated results are acceptable in this case, since the amount 

of MCB fulfills the minimum amount requirement, and the amount of benzene 

is less than allowed. 



B 

MCB 

Total 
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CASE 3: 

In this case temperature of the feed is raised to 270°F (405.2 K). 

The computer output and the data file are given in Appendix H. 

Table 4.21 depicts the result.s and their relative differences. 

TABLE 4.21 - Results of CASE 3 for Figure 4.3. 

DESPAC2 Specified fractions % Difference at the bottom product 

SlO X(I )SlO X(I)SlO 
(kmol/h) 

0.06009 0.0004 0.0010 60 

150.1699 0.9996 0.9990 0.06 

150.23 

CASE 3 also meets the product requirements, therefore this case 

is also acceptable. 

B 
MCB 
Total 

CASE 4: 

Feed temperature is assumed as 280°F (410.77 K). 

Computer output and the data file are presented in Appendix H. 

Results are compared in Table 4.22. 

TABLE 4.22 - Results of CASE 4 for Figure 4.3. 

DESPAC2 Specified fractions % Difference at the bottom product 

SlO X( 1)SlO X(I)SlO 
(kmol/h) 

0.06009 0.0004 0.0010 60 
150.164 0.9996 0.9990 0.06 
150.26 
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This case is also appropriate to fulfill the product require­

ments, since the amount of MCB is more than specified, and that of 

benzene is less than the required values. 

CASE 5: 

When feed temperature is raised to 300°F (421.88 K) it is 

observed from the computer output and the data file given in Appendix 

H that the feed is superheated vapor. 

Another process flow diagram is proposed for this case, and 

presented in Figure 4.4 which is the same as the proposed flowsheet 

(e) of Figure 4.2. Feed is vapor and directly enters the absorber 

(A-l). Liquid product from the bottom of (A-l) is fed to the distil­

lation column (D-l). Bottom product of (O-l) is passed through a 

heat exchanger (H-l). 

unit. 

CASE 6: 

For this case the proposed flow diagram is shown in Figure 4.4. 

Feed is directly sent to the absorber without using the flash 

Table 4.23 represents the input data for the streams in 

Figure 4.4. 
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Figure 4.4 - Detailed scheme of. the proposed flowsheet (e) 
of Figure 4.2. 
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TABLE 4.23 - Input Data for Figure 4.4. 

SOl S02 S06 S07 S08 
(kmol/h) (kmol/h) (kmol/h) (kmol/h) (kmol/h) 

HCl 10 0 0 0 0 

B 40 0.067281 39.9561 

~·1CB 50 100.61 0.099722 

Total 100 100.68 40.056 

Degrees,K 425.9 321.88 

The intermediate calculations are simpler for this case. 

In Appendix H, the computer output and the data file are presented. 

Results are given in Table 4.24. 

TABLE 4.24 - Results of CASE 6 for.Figure 4.4. 

DESPAC2 Specifed fractions % Difference at the bottom product 

S07 X(I)S07 X( I)S07 
(kmol/h) 

B 0.0 0.0 0.0010 100 

MCB 150.14 1.00 0.9990 0.1 

Total 150.14 

As observed in Table 4.24, the bottom product does not contain 

benzene. It may be concluded that some benzene is lost from the top 

of the absorber. In order to reduce this benzene loss; 

- Number of stages in the absorber should be increased 

- Flow rate of the solvent should be increased. 

In the following pages, these cases will be studied. 



CASE 7: 

Number of theoretical stages are increased to six in the 

absorber. 
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The computer output and data file are given in Appendix H. 

Results are tabulated in Table 4.25. 

TABLE 4.25 - Results of CASE 7 for Figure 4.4. 

DESPAC2 Specified fractions % Difference at the bottom product 

S07 X( 1)S07 X(I )S07 
(kmol/h) . 

B 0.10517 0.0007 0.0010 30 

MCB 150.144 0.9993 0.9990 0.03 

Total 150.2'5 

Results of CASE 7 are also satisfactory, since the product 

requirements are fulfilled. 

CASE 8: 

Flow rate of solvent to the absorber is increased to 110.68 

kmol/h. 

The computer output and the data file are presented in 

Appendix H. 

Results are given in Table 4.26. 
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TABLE 4.26 - Results of CASE 8 for Figure 4.4. 

DESPAC2 Specified fractions % Difference at the bottom product 

507 X(I)S07 X(I)S07 
(kmol/h) 

B 0.0480 0.00030 0.0010 70 

~B 160.112 0.9997 0.9990 0.07 

Total 160.16 

The required specifications are also met in this case. 

4.3.1.1 Summary and Discussion of the Results of 

Flowsheets (d) and (e) 

In order to separate a mixture of HC1, Benzene and MCB 

proposed flowsheets (d) and (e) of Figure 4.2 are studied at different 

processing conditions. Table 4.27 shows the results of these cases. 

For Figure 4.3 five cases are studied at different flash temperatures. 

Benzene percentage at the bottom is higher than the specified (0.001) 

at 200°F. On the other hand, benzene percentage is less than the 

specified, at a temperature range between 250 to 280°F. Hence, the 

proposed flowsheet Figure 4.3 is appropriate for this range. If the 

temperature is ralsed to the 300°F, the feed is superheated vapor and 

may be directly fed to the absorber as shown in Figure 4.4. In CASE 6 

bottom product from the distillation column does not contain benzene, 

and this indicates some benzene is lost in the absorber, and it is 

observed that the number of stages of distillation tower is increased 

from 21 to 26. 



TABLE 4.27 - Summary of the Results 

CASE 1 CASE 2 CASE 3 CASE 4 CASE 5 

FIGURE 4.3 

FLASH 
T (oF) 200 250 270 280 300 

ABSORBER 
No; of stages 3 3 3 3 3 
Flow rate of 
solvent(kmol/h) 100.68 100.68 100.68 100.68 100.68 

DISTILLATION 
No. of stages 17 21 21 21 -
% Benzene at 

~ 

the bottom 0.40 0.06 0.04 0.04 -
% MCB at the 
bottom 99.6 ' 99.94 99.96 99.96 -
Total flow 
rate of bottom 152.56 150.29 150.23 150.26 -
(kmol/h) 

------- - -------- -------

CASE 6 CASE 7 

FIGURE 4.4 

- -

3 6 

100.68 100.68 

26 20 

0.0 0.07 

100.0 99.93 

150.14 150.25 

'-.J 
~ 

CASE 8 

-

3 

110.68 

22 

0.03 

99.97 

160.16 

I 

I 
! 

I 
I 
I 
I 

I 

I 
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In order to reduce the benzene loss~ firstly the number of 

stages of the absorber is increased to 6 in CASE 7. For this case, 

benzene and MCB percentages fulfill the required specifications. 

Secondly, flow rate of solvent is increased to 110.68 kmo1/h in 

CASE 8. It is observed that the benzene perceritage is less than 

the specified, but the'number of stages of the distillation column 

increases from 20 to 22. Furthermore, the total flow rate of bottoms 

is much higher than the other cases. 

Either one of the two proposed f10wsheets may be selected at 

the suitable conditions. First f10wsheet (Fig. 4.3) contains a 

flash unit, second f10wsheet (Fig. 4.4) is proposed to remove this 

flash unit, but in this case the feed must be heated up to a higher 

temperature and the number of stages in the distillation column 

increases .. The appropriate process flowsheet may be chosen making 

a detailed analysis between the two processing schemes. 

4.3.2 Discussion of the Proposed Flowsheet Configurations 

(a), (b) and (f) 

Since the desired recovery of benzene and. MCB is obtained 

either in flowsheet (d) or (e) it is unnecessary to test flowsheet 

(f) which requires more units than flowsheet (d). 

Flowsheet (a) is also studied in order to observe the effect 
" 

of the absence of an absorber unit. Detailed scheme of this flow-

sheet is given in Figure 4.5. In this configuration the feed is 

separated into two phases in flash unit (F-l). The vapor product 
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H-l 
Heat Exchanger 508 

Benzene 
502 F-2 

Flash-2 

507 0-1 
Distillation 506 Feed F-l 

501 Fl ash-l 

503 

509 

MeB 

Figure 4.5 - Detailed scheme of the proposed flowsheet (a) 
of Figure 4.2. 

81 



82 

is cooled and sent to the second flash unit (F-2). The liquid 

products of (F-l) and (F-2) are-combined and fed to the distillation 

column (0-1). 

The input data required are obtained from FLOWTRAN [12J and 

presented in Table 4.28. 

TABLE 4.28 - Input Data for Figure 4.5. 

SOl 
(kmol/h) 

HCl 10 

B 40 

MCB 50 

Total 100 

Degrees, oK 405.2 

Bar 2.38 

The results of the first flash unit are summarized in Table 4.29. 

TABLE 4.29 - Results of the FLASH-l Unit. 

Component X(I) Y( 1) Z(I) XI (1) K(I) 

HCl 0.0019 0.1995 0.10 0.9904 104.2 

B 0.3006 0.5009 0.40 0.6215 1.666 

~1CB 0.6975 0.2996 0.50 0.2974 0.4295 

The vapor product of the first flash unit is further cooled 

down to 250°F (394.1 K) and sent to the second flash unit. The input 

data required for this step are tabulated in Table 4.30. 



TABLE 4.30 - Input Data for the FLASH-2 Unit. 

S04 Z(I) = X(I)S04 = Y(I) 
(kmo1/h) 

HC1 9.904 0.1995 

B 24.860 0.5009 

MCB 14.870 0.2996 

Total 49.634 

Degrees, oK 394.1 

Bar 2.38 

The results of the second flash unit are presented in 

Table 4.31. 

TABLE 4.31 - Results of the FLASH-2 Unit. 

Component 

HC1 

B 

MCB 

X(I) Y(I) Z(I) 

0.0031 0.2803 0.1998 

0.4163 0.5366 0.5016 

0.5806 0.1839 0.2986 

XI (I) 

0.9955 

0.7589 

0.4350 

K(I) 

91.42 

1.289 

0.3153 
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Table 4.32 summarizes the values of the streams to and from 

the f1 ash units. 
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TABLE 4.32 - Values of St~eams for Figure 4.5 

SOl S02 S03 S04 S05 S06 S07 
(kmol/h) (kmo1/h) (kmo1/h) (kmol/h) (kmo1/h) (kmo1/h) (kmo1/h) 

HC1 10 9.904 0.957 9.904 9.859 0.044 0.1397 

B 40 24.86 15.14 24.86 18.86 6.014 21.154 

MCB 50 14.87 35.13 14.87 6.47 8.387 43.517 

Total 100 49.634 50.366 49.634 35.187 14.446 64.812 

Degrees,K 405.2 405.2 405.2 394.1 394.1 394.1 394.1 

Referring to Table 4.32, it is observed that after the second 

flash unit, almost the half of the benzene (18.86 kmol/h) is present 

in the vapor product ($05 stream) still mixed with HC1. Hence, because 

of the high rate of loss of benzene, it is not logical to continue 

such a process configuration. 

The computer output and the data file are presented in Appendix H. 

It is concluded that flowsheet (b) which contains only one flash 

unit is not applicable for this separation problem, since, even two 

flash units are not sufficient to separate HCl from benzene and MCB 

as explained in the previous flowsheet (a). 
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V. CONCLUSIONS AND RECOMMENDATIONS 

A computer aided chemical process design package called DES PAC 

was originally developed to run on the DEC-20 system at Carnegie-Mellon 

University by Westerberg et.a1 [42J. DESPAC is modified to run on the 

Bogazi~i University's present CDC Cyber 170/815 system, since the com­

pilers of the two systems differ from each other drastically. In addi­

tion to its capabilities are expanded. 

DESPAC2, the modified and expanded version of DESPAC, can solve 

steady-state problems for single operation units and can be used to 

develop f10wsheets for separation problems. 

A major contribution of this study is believed to be in deciphering 

the structure of DES PAC which was provided with almost no structural 

information about the program. In this respect the procedures for the 

inclusion of new unit modules, i.e., calculational routines, have been 

explained in detail and examples for additions are given for routines 

EXT and HEX. Furthermore, procedures are outlined for the expansion of 

the thermophysica1 library file both for the addition of new properties 

for existing components in the library as well as for the addition of 

new components into the library. 
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DESPAC2 could be used with great ease and flexibility for flow­

sheet synthesis, development and design. Thus it could be used as a 

useful tool in Chemical Engineering education. 

A package of these capabilities have to be able to deal with 

single operation units as well. To demonstrate this ability of DESPAC2, 

six examples covering various processing units have been included in 

the text. All examples are obtained from literature and the results 

of literature are compared with the results of DESPAC2. It is concluded 

that DESPAC2 can successfully be used for the calculation of the single 

operation units and yields results in a very short period of time. 

Furthermore, to illustrate the utility of DESPAC2 for flowsheet 

synthesis, development and design, an example problem has been studied. 

Various flowsheet configurations are proposed to separate a mixture of 

HC1, benzene and monochlorobenzene. The proposed flowsheets are tested, 

and it is observed that the flowsheets which contain flash, absorption, 

and distillation units are appropriate for this separation problem. The 

proposed flowsheet·(Fi~. 4.3} which has a flash unit is studied at five 

different cases changing the flash temperature, and it is observed that 

above a certain temperature flash unit is not necessary. Then, removing 

the flash unit, another flowsheet (Fig. 4.4) is tested changing the number 

of stages of the absorber and the solvent.flow rate to the absorber. 

Either one of the two flowsheets may be appropriate under different con­

ditions. It is interesting to note that by changing the operation para­

meters it is possible to eliminate the flash unit. On the other hand, 

the result is increased number of stages in the distillation column and 

higher operation temperature. Cost of the required equipment may be 

the important factor for the final decision. 



87 

It is recommended to expandDESPAC2 to offer additional unit 

operations such as evaporation~ filtration, reactor calculations and 

various types of heat exchangers. The thermophysical library file of 

DESPAC2 may also be enlarged 'by introducing new thermophysical proper­

ties and additional components. 

Currently, the user has to supply the data required from one 

process unit routine to another one .. Therefore, it seems reasonable 

to prepare an algorithm to carry the necessary data between processing 

units automatically. The user may testa processing unit changing the 

operation parameters and results of each run can be saved in a file. 

The most appropriate result(s) are selected by.the user and these may 

be transferred to the next process unit with the aid of the program. 



88 

REFERENCES 

1. Afgan, N., Schlunder, E.U., "Heat Exchanger Design and Theory 
Sourcebook", Scripta Book Company,Wash.D.C., 1974. 

2. Babrow, S., et.al., "Digital Computer Programs for Studying 
the Transi ent Behavi our of Systems Using a r~odu1 ar Approach", 
McMaster University, Ontario, Canada, 1969. 

3. Backhurst, J.R., Harker, J.H., "Process Plant Design", Heinemann 
Educational Books Ltd., London, 1973. 

4. Blackwell, W.W., "Ca1cu1ating the Corrected LMTD in Shel1-and­
Tube Heat Exchangers", Chemical Engineering, pp. 101-106, 
August 1981. 

5. Boston and Britt, "A Radically Different Formulation of the 
Single-Stage Flash Prob1em", to be published in Computers and 
Chemical Engineering. 

6. Cerda, J., Westerberg, A.H., "Shortcut Methods for Complex 
Distillation Columns: Part 1: Minimum Ref1ux", 72nd AICHE Annual 
Meeting, San Francisco, 1979. 

7. Cerda, J., Westerberg, A.H., "Shortcut Methods for Complex 
Distillation Columns: Part 2: Number of Stages and Feed Tray 
Location", 72nd AICHE Annual Meeting, San Francis,co, 1979. 

8. "CHESS: System Guide", Technical Publishing Co., Houston, Texas. 

9. Crowe, C.M., et.a1., "Chemica1 Plant Simu1ation", Prentice-Hall 
Inc., New Jersey, 1971. 

10. Edmister, W.C., "Absorption and Stripping-Factor Functions for 
Distillation Calculation by Manual and Digital-Computer Methods", 
AICHE, Vol. 3, No.2, pp. 165, Richmond, 1957. 

11. Fair, Petro-Chemical Engineering, Vol. 33, No. 10, pp. 45, 
Sept. 1961. 



12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

89 

"FLOWTRAN", Monsanto Co., Computerized Engineering Application 
Department, St. Louis, Missouri, August 1974. 

II 

Fraas, A.P., OZl~lk, M.N., "Heat Exchanger Design", John Wiley 
and Sons Inc., ~ew York, 1965. 

Frank, K., "Principles of Heat Transfer, 3rd Ed., Dun,Donnelley 
Publisher, New York, 1976. 

Franks, R.G.E., "Modelling and Simulation in Chemical Engineering", 
Wiley-Interscience, New York, 1972. 

"GIFS", Service Bureau Corporation, New York. 

Gilliland, E.R., Reed, C.E., Ind. Eng. Chern., Vol. 34, pp. 551, 
May 1942. 

Guthrie, "Capital Cost Estimating", Chemical Engineering, pp. 24, 
March 1969. 

Ham, P.G., "Routine for Executive Multi Unit Simulation", REMUS 
Users Manual, University of Pennsylvania, Philadelphia, Oct. 1969. 

Hanson, D.N., et.al., "Computation of Multistage Separation 
Processes", Reinhold, New York, 1962. 

Heard, J., "Computer Simulation: Plotting a New Course in Engineering 
Education", Chemical Engineering, pp. 12, Sept. 16, 1985. 

Ingels, D.M., Motord, R. L., "A Simulation Program for Chemical 
Process Dynamics and Control", University of Houston, Texas, 
August 1970. 

Kardasz, J.H .. "A High Level Structure Oriented Simulation Language 
for Chemical Plants", University of Pisa. 

Kays, W.M .. London, A.L., "Compact Heat Exchangers", McGraw-Hill, 
New York, 1958. 

Kern, D.Q., "Process Heat Transfer", McGraw-Hill, Kogakusha, 1976. 

King, C.J., "Separation Processes II , McGraw-Hill, New York, 1971. 

Maddox, R.N., "Calculations for Multicomponent Distillation", 
Chern. Eng., pp. 128, Dec. 11, 1961. 

Maddox, R.N., "Useful Shortcut Methods", Chern. Eng., pp. 136, 
Dec. 11,1961. 

McCabe, W.L., Smith, J.C., "Unit Operations of Chemical Engineering", 
3rd Ed., McGraw-Hill, Kogakusha, 1976. 



30. Murril, P.W., Smith, C.L., IIAn Introduction to FORTRAN IV 
Programming ll , 2nd Ed., Intext Educational Publishers, New 
York, 1970. 

31. Perry, R.H., Chilton, C.H., IIChemical Engineers' Handbook ll , 
5th Ed., McGraw-Hill, Kogakusha, 1973. 

90 

32. Peters, M.S., Timmerhaus, K., IIPlant Design and Economics for 
Chemical Engineers ll , 2nd. Ed., McGraw-Hill, New York, 1968. 

33. Prausnitz, J.M., IIMolecular Thermodynamics of Fluid-Phase 
Equilibria ll , Prentice-Hall Inc., New Jersey, 1969. 

34. Prausnitz, J.M., Eckert, C.A., Onje, R.V., O'Connell, J.P., 
IIComputer Calculations for Multicomponent Vapor-Liquid Equi­
libria ll , Prentice-Hall Inc., New Jersey, 1967. 

35. Pressman, R.S., IISoftware Engineeringll, McGraw-Hill, New York, 
1982. 

36. Reid, R.C., Prausnitz, J.M., Sherwood, K.S., liThe Properties 
of Gases and Liquids ll , 3rd Ed., McGraw-Hill, New York, 1977. 

37. Sen, B.L., M.S. Thesis, Bogazi~i University, Istanbul, 1978. 

38. Shannon, P. T., IIPACER II , Dortmouth Coll ege, Hannover, New Hampshi re, 
1966. 

39. Shern, D.R., IIFLEX II , Proctor and Gamble, Cincinnati. 

40. Sulzer, IISeparation Columns for Distillation and Absorption ll , 
pp. 25, June 1985. 

41. Treybal, R.E., IIMass Transfer Operations ll , 2nd Ed., McGraw-Hill, 
New York, 1968. 

42. Westerberg, A.W., et.al., IIDESPAC: Interactive Design Calcula­
tion Package ll , Carnegie-Mellon University, Pittsburg, Pennsyl­
vania, 1981. 



APPENDIX A 
PROPERTIES AND ORGANIZATION OF DESPAC2 



92 

DESPAC2 
(Interactive Design Calculation Package) 

;1. PROPERTIES OF DESPAC2 

The various routines are linked under the supervisory PROGRAM 

DESPAC which prompts the user for input parameters and reports output 

parameters to the user (Values for input parameters must be supplied 

by the user; values f~r output parameters are calculated by the 

computer). DESPAC2 also .provides Auxiliary Routines to handle the 

manipulations of physical constants. 

1.1 Parameters 

A parameter, in this discussion, is a variable, such as tempera­

ture or pressure, whose value the user wishes to determine or define. 

Whenever DESPAC2 requires the value for some parameter, it prompts the 

user by typing a colon 11:11 and then waits for the user's response. 

When a parameter is computed by the program, it is named as an IIOUTPUT 

PARAr~ETER". If a parameter is required by the program in order to 

complete a calculation, it is named as an "INPUT PARA~1ETERII. 
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Parameters are entered to DESPAC2 using NAMELIST features. 

NAMELISTis applied to read the data instead of formatted read state­

ments [30J. 

DESPAC2 requests values of parameters by typing the ":" in 

column 1. To assign values to these parameters, the user enters a 

list of parameters followed by a semicolon 

list is of the form 

<SCALAR SYMBOL> = <VALUE> 

11.11 , . Each element in this 

or <VECTOR SYMBOL> = <VALUE1>, <VALUE2>, ..• ,<VALUEN> 

Element in the list are separated by commas. For example, the ENTRY 

T = 373, Z = 0.2,0.4,0.4; 

Assign values to temperature T and mole fractions Z(l) through Z(3) 

for the PHASE routine. 

Before requesting values of parameters, DESPAC2 types a prompting 

list of their symbols; the user may then assign values to any all or 

none of these parameters. Values of few parameters are defined by 

DESPAC2. The symbols for them are enclosed by square brackets in the 

prompting list. 

1.2 Data Structures 

DESPAC2 shuttles physical properties between three distinct 

locations: 

, , 
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1.2.1 Disk Files 

Disk Files provide permanent storage for large sets of data. 

Properties stored on Disk Files are available between terminal sessions. 

Disk File containing some properties for 91 components is available to 

all users (in Appendix E the list of these components are presented). 

1.2.2 Library 

The IlLibraryll stores, for a duration of a terminal session, 

physical properties for up to 25 components. The Library is lost when 

the STOP procedure is selected. 

1. 2.3 SYSTEM 

The Auxiliary Routine SYSTEM copies properties, for a particular 

thermodynamic system of interest, from the Library to the IISYSTEW, the 

location accessed by the physical property routines. Properties in the 

SYSTEM are changed whenever a new SYSTEM is defined. 

2. ORGANIZATION OF DESPAC2 

PROGRAM DES PAC links design routines and prompts the user the 

following list to select the desired unit computation: 
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PROCEDURES: 

l. KVALUE 7. SHTCUT ll. RETREV 17. HELP 

2. ENTHALPY 8. COLUMN 12. SYSTEM 18. STOP 

3. PHASE 9. CERDA 13. DEFINE 19. TIME & DATE 

4. FLASH 10. COL CST 14. STORE 

5. ABSEDM 2l. HEX 15. ACTFIT 

6. HCCABE 22. EXT 

DESPAC2 contains Executive, Modelling, Auxiliary and Service 

routines. The detailed information about these routines are presented 

below. 

2. 1 Executive Routines 

The Executive Routines provide the interface between the user 

and a model. 

Executive Routines Modelling Routines 

XKVALU ~ < calls > KVALUE 

XNTH < > HVAPOR, HLIQI D 

XPHASE· ( > PHASET, PHASEP 

XFLASH < 7 FLSHPQ,FLSHTQ,FLSHQV,FLSHTV, 
FLSHPV,FLSHTP 

XABSED < > ABSEDM 

XSHTCT < > SHTCUT 

XMCABE < > MCCABE 

XCERDA < > CERDA 

XCOLUM < ) COLUMN 

XHEX <. > HEX 

XEXT -< ~ EXT 
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2.2 Modelling Routines 

They are the mathematical models of physical processes. Immediately 

after mentioning of each routine, the relevant references about that sub­

ject are quoted. 

2.2.1 PHASE; Bubble Point and Dew Point Calculations 

2.2.2 

i. PHASET; performs flash calculation at a given pressure 

and vapor fraction. 

ii. PHASEP; performs flash calculation at a give'n temperature 

and vapor fraction. 

Reference: [26J. 

FLASH; Flash Calculations 

User may choose any of the following seven alternatives: 

i. FLSHPQ; P & Q are specified, T & V are computed. 

ii. FLSHTQ; T & Q are specified, P & V are computed. 

iii. FLSHQV; Q & V are specified, T & P are computed. 

i v. FLSHTV; T & V are speci fi ed, P & Q are computed. 

v. FLSHPV; P & V are specified, T & Q are computed. 

vi. FLSHTP;' T & Pare speci fi ed, Q & V are computed. 

vii. uENTHALPY u Flash. 

Version i and ii are called adiabatic flash, 
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Version vi is called isothermal flash. 

Version vii evaluates the enthalpy of the feed-stream, HF. 

Reference: [5]. 

2.2.3 ABSEDM; Gas absorption by EDMISTER method. 

Reference: [10]. 

2.2.4 MCCABE: Binary Distillation by MCCABE-THIELE method. 

Reference: [29]. 

2.2.5 SHTCUT: Shortcut Multicomponent Distillation (Adjacent Keys) 

using the UNDERWOOD equation, FENSKE's equation and 

the GILLILAND correlation. 

Key components must be adjacent in the list of components ranked 

by relative volatilities. 

References: Maddox [27J, Maddox [28], Mccabe and Smith [29], 

Treybol [41], Gilliland and Reid [17]. 

2.2.6 CERDA; -Shortcut Multicomponent Distillation technique (Non­

Adjacent Keys) developed by Jaime CERDA [6J, [7]. 

2.2.7 COLUMN; Rigorous Multicomponent Distillation that simulates 

a multicomponent distillation column composed of ideal 

stages and with an arbitrary configuration of feeds, 

liquid and" vapour side streams. 

1 

I 
I 



2.2.8 COLCST; Estimates size and cost of column. Results of the 

SHTCUT calculation can be pass'ed to COLCST. 
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References: Fair [11], Guthrie [18], Perry and Chilton [31J, 

Treybal [41]. 

2.2.9 HEX; Multipass Shell-and-Tube Heat Exchanger Calculation 

References: Afgan and Schlunder [1], Backhurst and Harker [3], 
II 

Blackwell [4], Fraas and OZlSlk [13], Frank [14], , 
Kays and London [24J, Kern [25], Peters and 

Timmerhaus [32], Reid et.al. [36]. 

2.2.10 EXT; Multicomponent, Multistage Liquid-Liquid Extraction 

Calculation 

References: Hanson [20], Reid, et.al. [36J, Sen [37J. 

Section 2.2.9 and 2.2.10 are explained in detail in Appendix B 

and C, respectively. 

2.3 Models to Estimate the Thermodynamic Properties Required 

Available Models to estimate the thermodynamic properties 

required for the above mentioned routines, are explained below. 

2.3.1 KVALUE; It predicts Vapor-Liquid Equilibria for a variety of 

thermodynamic systems by employing one of the following 

methods: 
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i. Wilson Equation for subcritical components, Anderson Equation 

of Henryrs Law constant for supercritical components, 

Truncated Virial equation for vapor fugacities. 

ii. Prausnitz-Chueh Modification of the Redlich-Kwong Equation. 

iii. Ideal Solutions; Perfect Gases; Antoine Equation. 

References: Perry and Chilton [31J, Prausnitz [33], Prausnitz, 

et. a 1. [34]. 

2.3.2 ENTHALPY; It predicts vapor and liquid enthalpies. 

2.3.2.1 HVAPOR; estimates vapor enthalpies using one of the models 

below: 

i. Ideal solution of Perfect Gases 

ii. Residual Enthalpy from Virial Equation of State 

iii. Residual Enthalpy from Redlich-Kwong Equation. 

References: Perry and Chilton [31], Prausnitz [33], Reid, 

et.al. [36J. 

2.3.2.2 HLIQID; estimates Liquid enthalpies by one of the following 

models: 

i. Ideal solution of saturated liquids 

ii. Ideal solution with pressure correction 

iii. Excess enthalpy from Wilson Equation; 

iv. Residual enthalpy from Redlich-Kwong Equation. 
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References: Prausnitz [33], Prausnitz, et.al. [34], Reid. et.al [36]. 

2.4 .Auxi 1 i ary Routines 

The Auxiliary Routines provide the interface between the user, 

the Modelling Routines and the computer system. 

2.4.1 RETREV: Retrieves physical properties from disk files. 

2.4.2 LOADLB: Copies data for a component from a file into the library. 

2.4.3 SYSTE~l: Defines a thermodynamic system by copying physical 

properties from/LIB*/ to /PHYS*/ and setting up what­

ever auxiliary information the thermodynamic property 

routines (KVALUE, HVAPOR, HLIQID) require. 

2.4.4 CHKPHY (ERROR): Checks /PHYS*j to ensure that a minimal set of 

data has been entered. 

2.4.5 DEFINE: Allows user to enter values and new components into the 

library. 

2.4 .. 6 STORE: Writes data from Library /LIB*/ to a disk file named 

by the user. 

2.4.7 SRCHLB: Searches the component name in the disk file. 

2.4.8 ERASE: Erases all data in /LIB*/ for component I. 

2.4.9 SELECT: Gets list of selected components from the user. 

* Refer to Appendix D. 
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2.4.10 GSTPXY: Provides initial guesses for equilibrium values of 

x, Y and temperature, pressure, and vapor fraction. 

2.4.11 ACTFIT: It fits Anderson and Wilson parameters of correlations 

for activity coefficients to experimental binary VLE 

data. 

2.4.12 HALT: Stops the program. 

2.5 Service Routines 

The Service Routines are miste11aneous computing chores. 

2.5.1 GETLST: Obtains from the user a list of distinct positive 

integers between 1 and ma~; Returns list and the 

number of such integers, N. If a read error occurs 

(perhaps the user requested help), N is set to -1. 

2.5.2 SRCHFL: Performs sequential search of the disk file for named 

records. 

2.5.3 READNL: Accepts lines of text from terminal and having 

delimited the text with "$NAME" and "$", writes the 

text to the scratch file USeR. The calling program 

may than use the NAMELIST features to read the lines 

from USCR, lines are read from the terminal until a 

semicolon (;) is encountered characters following 

the semicolon are ignored. 

I 
I 

I 



figure A.l shows the interrelationship among the Auxiliary, 

Service, Executive and Modelling Routines in DESPAC2. 
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Figure A.2 depicts the highly complex structure of the program 

for a selected Modelling Routine (FLSHPQ of FLASH) and its Executive 

Routine (XFLASH). Functions of subroutines which are observed in 

this figure, are explained in DESPAC2. Therefore, no information 

about them, are given in this text. 
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Figure A.l - Flo~1 diagram of 0; Auxiliary. Service. Executive and Modelling Routines in DESPAC2. 
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APPENDIX B 

Design of a Shell-and-Tube Heat Exchanger 

The mathematical model of a multipass, counter-current shell­

and-tube heat exchanger which is presented in Section 3.2JJ, will 

be derived as follows: 

The basic relationship for all calculations of heat transfer 

rates is 

(8.1) 

Q = The amount of heat transferred per unit time (J/s) 

UD= The design value of the overall coefficient of heat 

transfer (J/s-m2 -K) 

A = Heat transfer area (m2 ) 

~t = Logarithmic mean temperature difference (OK) m 
m = Flow rate of fluid (kg/s) 

Cp= Heat capacity of fluid (J/kg-OK) 

~T = Temperature difference (OK) 

Generally, a 10 percent overload is allowed. 
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The Logarithmic mean temperature difference (LMTD) is defined by the 

following equation: 

b, tl - b,t2 LMTD = ----­
In(b,t

1
/b,t) 

where for countercurrent flow 

and 

For cocurrent flow, 

Temperatures: 

Tl = Hot-fluid inlet temperature, oK, 

T2 = Hot-fluid exit temperature, oK, 

tl = Cold-fluid inlet temperature, oK, 

t2 = Cold-fluid exit temperature, oK. 

(B.2) 

In the ,majority of industrial operations, higher velocities, 

shorter tubes, and a more economical exchanger can be found u~ing 

multipass design. In a multipass exchanger such as shown in Fig. B.l, 

the flow is partly countercurrent and partly cocurrent. As a result 

the mean temperature difference lies somewhere between the counter­

current and cocurrent LMTDs. 
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In this situation, a correction factor, F, is defined so that, 

when it is multiplied by the LMTD, the product is the corrected mean 
, 

temperature-difference (CMTD) [4J. 

CMTD = F x LMTD (B.3) 

For pure countercurrent flow, F = 1. As more cocurrent flow 

is introduced, F is reduced and the efficiency of the exchanger drops. 

The lower limit of practical efficiency is F = 0.75 to 0.80. 

When designing shel1-and-tube heat exchangers in series, the 

lowest F value is for one shell. This value is raised as the number 

of shells increases, and the flow nearly resembles countercurrent flow. 

The optimum value of F is between 0.75 to 1. 

The general equation to determine F factor is: 

F = ( IR 2 + 1) _l_n_[ (~l-:-:-~P x..:....)--:/ (:-l_--.=-RP-,-x-:;) J;:;:::::;-
R - 1 (2/Px) - 1 - R + 1R2 + 1 

In[ J 

(B.4) 

(2/Px) - 1 - R - 1R2 + 1 

where 

[RP - 1 ] 
liN 

1 - P - 1 
P = x [RP - 1 ]l/N R - P - 1 

(B.5) 

and 

P = (t2 - t1)/(Tl - t 1) (B.6) 

(B.7) 
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N is the total number of shell passes, i.e., the product of shell passes 

per shell and the number of units in series. 

If R = 1, the equation becomes 

P v'R2 + 1 /(1 - Px) 
F = x (B.8) 

I (2/Px) - 1 - R + y'R2 + 1 
In[ ] 

(2/P x), - 1 - R - v'R2 + 1 

and 

P = P/(N - NP + P) x (B.9) 

The equations presented are based on certain assumptions such as: 

the overall heat-transfer coefficient, UO' is constant throughout the 

heat exchanger; the flow rate of each fluid is constant; the specific 

heat of each fluid is constant; there is no condensation of vapor or 

boiling of liquid in any part of the exchanger; heat losses are negli-

gible; the heat-transfer surface in each pass is equal; the temperature 

of the shell-side fluid in any shell-side pass is uniform over any cross 

section. 

This correction method is applicable only when the tube passes 

are even multiples of the shell passes as shown in Figure B.2. 

After calculation of F factor and CMTO, Uo is assumed .. In this 

method Uo is the main iteration criteria. For the initial guess of UD, 

approximate values of ho' hi (Table 3.1 [3J) and h do' h di (Table 3.3 

of Backhurst and Harker [3]) can be obtained and the UD is calculated 

from the below equation: 



Shell inlet 
T, 

I 
'2 

• I 
I 

oI1o '-----'---',--, I, 
--,' 1 \, 

, . .. -... : 
-----,' 

----...... ... 
- ......... . ~ '.' -.... \: 

, " . DJITD.1if .. " I' 
I 

t 
: I, 

Tube inlet 
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Figure B.l - Flow patterns in a Multipass Heat Exchanger. 

Tl 
a) One shell pass, and two, 

four or any multiple tube 
passes. 

b) Two shell passes, and four, 
eight or any multiple of 
tube passes. 

c) Three shell passes, and six, 
twelve or any multiple of 
tube passes. 

Figure B.2 - Flow configurations for Shell-and-Tube passes. 
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1 1 1 1 Di 1 Di --=--+-+----+----UD h hd h. D h. D o 010 1 0 

(B.10) 

Then heat transfer area is found from Eq. (B.l). The total length of 

tubes are computed, since 

Area = (no.of tubes) x (tube length between inner faces of tube sheets) 

x (external surface area per unit length of tube) 

Number of tubes is determined by dividing total tube length to the 

standard tube length. 

where, 

For the tube side; 

Total Flow Area = (No. of tubes) x (Cross-sectional Area of tubes) (m2) 
(No. of tube passes) 

(B.ll) 

2 

__ TIDi 
Cross-sectional Area of tubes 4 

Then, mass flow rate of the fluid in the tube side can be calculated 

from 

m 
G = t ( kg/ s-m2 ) 

t Tot~l Flow Area 
(B.12) 

where 

mt = Flow rate of fluid in the tube side (kg/s). 

The exact form of the correlation for the film coefficient 

depends on the fluid flow regime of the system defined by the Reynolds 

Number, Re, where 
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Re OG 
(B.13) =--

].l 

where 

0 is the inside diameter of the tube (mm) 

G is the mass flow rate of the fluid (kg/s-m2) , 

].l is the viscosity of the fluid at the temperature of the film 

(Ns/m2). 

When Re < 2100 the flow is streamline and 

when Re > 104 the flow is turbulent. 

The following correlations may then be used for evaluating the film 

coefficient; Inside tubes for streamline flow, the Sieder and Tate 

relation may be used. 

(B.14) 

For turbulent flow, 

(B.15) 

hi is computed from one of the above equations, assuming the value of 

the (].l/].lW)O.14 as 1. Then, shell inner diameter (Os) can be approxi­

mately calculated from the equation pairs below: 

i) For square pitch arrangement 

Ds = Z + 38.1 (B.16) 



ii) For triangular pitch arrangement 

Nt is 
" 

Z is 

Pt is 

the number of tube, 

a constant (mm) 

tube pi tch (mm). 

D = Z + 38.1 s 
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(B.l7) 

Next step is to evaluate fluid mass velocity on the shell side, as 

foll ows: 

where 

ms = mass flow of fluid (kg/s) 

as = cross area for flow (m 2 ). 

The cross area for flow is defined as 

where 

DS = shell inner diameter (mm) 

B = baffle spacing (mm) 

y = clearance between tubes (mm) 

Pt = tube pitch (mm). 

(B.18) 

(B.19) 

In order to compute the shell side film coefficient below equation 

is selected. 
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(8.20) 

Values of Equivalent diameter (De) for various tube layouts may be 

found in Table 3.4 of 8ackhurst and Harker [3J. Initially (~/~W)O.14 

is set to lin the above equation. 

Inside film coefficient based on the outside diameter (h io ) 

is obtained from: 

h.D _ 1 0 
hio - ---0:-

1 
(8.21) 

The temperature of the tube wall (tw) is calculated from the 

following equations: 

For the hot fluid in the tubes 

(8.22) 

For the hot fluid in the shell 

(8.23 ) 

where TA and tA are the arithmetic average fluid temperatures of the 

hot and cold s~reams, respectively. 

Then, viscosity at wall temperature (~w) is evaluated from 

Thomas' Method [36]. 

1 e(- - 1) 
Tr 

(8.24) 



where 

~o = viscosity (centipoise) 

PL = density (g/cm 3
) 
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e = viscosity constitutional constant calculated from atomic 

values from Table B.1 

T = Reduced temperature. r 

TABLE B.1 - Structural Contributions to Calculate e in Eq.(B.24) 

C -0.462 I +0.335 

H +0.249 (=) +0.478 

0 +0.054 C6H5 +0.385 

C1 +0.340 S +0.043 

Br +0.326 CO +0.105 

CN +0.381 

Tube wall correction factor (~/~w)O.14in Eqs. (B.14), (B.15) 

and (B.20) can be determined using the above equation. Tube side and 

Shell side film coefficients is calculated again including the tube 

wall correction factor. Finally hio and Uo are obtained from Eq. (B.2l) 

and Eq. (B.10), respectively and initial and final values of Uo are 

compared, if the difference is less than the stopping criteria the 

program terminates. 

The logical flow diagram of the iteration cycle is given in 

Figure 3. 1 in the main text. 
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APPENDIX C 

Multicomponent Liquid-Liquid Extraction Tower 

Simulation for Design 
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The algorithm to simulate multicomponent, multi-stage, equilibrium­

stage liquid-liquid extraction column was originally prepared by Sen [37]. 

The original algorithms operates on the UNIVAC 1106 computer system. In 

order" to increase the capabilities of DESPAC, the original algorithm is 

firstly modified to operate on the CDC Cyber 170/815 computer system, 

then structurally modified to fit into the DESPAC. 

In the case of extraction simulation problem, number of theore­

tical stages, flow rates and compositions of feed streams, flow rates 

of side streams, and tower temperature and pressure are specified. 

Compositions and overall stage flo'll rates of light and heavy 

phases constitute the iteration variables of the liquid-liquid extrac­

tion simulation problem. 

Figure C.l shows a general separation stage. 



F. 
J 

Xl. .+1 1,J I
llj+1 

L2 j 
X2 .. 

1,J 
'i' 
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z .. 
1 ,J ~---------~) SL2. 
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1,J 

S L1 j <E(------------I 

Xl. . 
1 ,J 
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L2 . 1 

where, 

'I 

L1 j 
Xl. . 

1,J 

J-
X2 .. 1 l,J-

Figure C.1 - Schematic description of a general separation stage. 

F. 
J 

= overall flow rate of the feed stream to stage j, 

L2. = 
J 

overall flow rate of the light-phase stream leaving 

stage j, 

L1. = overall flow rate of the heavy-phase stream leaving 
J 

stage j, 

SL2j =.overa11 flow rate of the light-phase side-stream leaving 

, stage j, 

SL1 .= overall flow rate of the heavy-phase side-stream leaving 
J 

stage j, 

i = component identification number, 

j = stage identification number, 

Z. = component mole fraction in the feed, 
J 



X2. = component mole fraction in the heavy-phase, 
J 

X1j = component mole fraction in the light-phase. 
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The algorithm is based on the relaxation technique, i.e., it 

uses the transient model equations to reach the steady-state solution. 

From Figure C.1, the transient component material balance equa­

tion for component i around stage j is given by 

d -d-(H1.X1 .. +H2.X2 .. } = Ll·+1X1. ·+1 + L2. 1X2 .. l+F.Z .. T J 1,J J 1,J J 1,J J- 1,J- J 1,J 

- (Ll. + SLl.}X1 .. - (L2. + SL2.}X2 .. 
J J 1,J J J 1,J 

(C .1) 

where H1 and H2 represent molar heavy and light-phase hold-ups respec­

tively. 

However, the liquid phase equilibrium relationship for component 

at stage j is given by 

X2 .. = K .. Xl. . 
1,J 1,J 1,J 

(C.2) 

A summary discussion of the phase equilibrium relationships is explained 

below: 

If two liquid phases are at equilibrium at a certain T and P 

the equilibrium relationship for any component i is given by 

A (I) _ A (2) 
f. - f. 

1 1 
1 < i < N (C.3) 

where f.(l} and f.(2} refer to the fugacities of component i in the 
1 1 

heavy and light phases respectively, and N is the number of components. 

Fugacity of component i in a mixture of N components is expressed as 



where 
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f. = y.x.f. 
1 1 1 1 

(C.4) 

Xi = mole fraction of component i in the mixture 

fi = pure-component fugacity of component i at the same tem­

perature and pressure as the mixture 

y. = activity coefficient of component i in the mixture. 
1 

Thermodynamic functions of liquid phases are weakly-dependent 

upon pressure, but fi and Yi are dependent upon temperature. Therefore, 

different thermodynamic m9dels used for calculation of the activity 

coefficients such as 

3-suffix Margules, 

NRTL, 

UNIFAC equations. 

If Eq. (C.4) is written for both heavy and light phases, and 

they are inserted into Eq. (C.3), the resulting equation is 

X2.=K.Xl. 
. 1 1 1 

(C.5) 

where Ki is called as the equilibrium ratio of component i, and defined 

as 

(C.6) 

The substitution of the phase equilibrium relationship Eq. (C.2) into 

the Eq. (C.l) results in 



121 

d -d- [( H 1 . + H 2 . K . . ) Xl. . ] = L 2. 1 K . . 1 X 1. . 1 - [. L 1. + S L 1 . T J J 1,J 1,J J- 1,J- 1,J- J J 

+ (L2. + SL2.)K .. ]Xl. . 
J J 1 ,J 1 ,J 

Stage hold-ups of both of the phases are assumed to be constant 

and time independent aside from the very first stages of the transient 

operation. Moreover, the initially assumed profiles do not have to 

correspond to the profiles during the very first stages of the transient 

operation. If the time-dependence of the equilibrium ratios is neglected, 

the term (H1
J
. + H2.K .. ) may be taken out of the derivative operator, 

J 1,J 

and Eq. (C.l) becomes 

dXl .. 
1,J = 

dT 

Equation (C. a) may be written as 

where 

W .. = 1 C.1Da) 
1,J Hl. + H2.K .. 

J J 1,J 

L2. l/W' . 
A •. = J- 1,J (C. 1 Db) 

1 ,J L2. lK .. l/W' . J- 1,J- 1,J 



L 1 . + SLl . + (L2. + SL2.) K. . 
J J J J 1,J B .. = 

1 ,J 

c .. 
1 ,J 

E .. 
1 ,J 

= L1 j+ 1 

W •• 
1,J 

F .Z .. = J 1,J 

W •• 
1,J 

W. • 
1 ,J 
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(c. 10c) 

(C.10d) 

(C. 10e) 

Heavy-phase mole fractions are extrapolated by the Ball integra-

tion formula 

X1 T.+1. T [ ( )T+1 ( ) ( )T] = Xl. . + I1t S dX1. ./dT + 1 - S dX1. ./dT 
1,J 1,J 1,J 1,J 

where O.<S~l. C. 11) 

Applying Eq. (C.g) for times both T and T+1, and inserting them into 

the Ball integration formula yields 

T+1 T+1 
SI1TC .. Xl. '+1 = 

1 ,J 1 , J 

T T T+1 T T Xl .. + I1T[(l - S)E. . + SE. .] + (1 - S)I1T(A .. Xl .. 1 
1,J 1,J 1,J 1,J 1,J-

- B~ . X1~ . + C~ . X1~ '+1 1,J 1,J 1,J 1,J 
(C.12) 

Eq~ation; (C .12) yields a nonlinear set of equations with respect to 

the iteration variables, i.e., compositions and overall stage flow 

rates of both of the phases. To be able to linearize, and to solve 
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Eq. (C.12) for the heavy-phase mole fractions, the following lineariza-

tion approximations must be made: 

Ll :+1 = Ll: (C.13a) 
J J 

L2:+1 = L2: (C. l3b) 
J J 

K:+~ T (C.13c) = K .. 
1 ,J 1,J 

In this manner, values of the functions A .. , 8 .. , C .. , E. . at time 
1,J 1,J 1,J 1,J 

T are used in Eq. (C.12), instead of their values at time T+l. 

The tridiagonal matrix algorithm used for the solution of the 

linearized form of Eq. (C.12). 

The logical flow diagram of the iteration cycle is given in 

Figure 3.2 in the main text. 
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V 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

BLOCK DATA 

LIST(D H~R( ARC ALL LABELED CC~~ON 8LOC(S, ALCNG WITH 
TtlE ROUTIi'jES .. HICH ACCUS UCH BLOCK. 9LANJ( (U~iLABELED) 

CO~MCN IS AVAILAoLE 10 THE EXECUTIvES AND AUXILIARIES ONLY. 
ONLY ACTFIT USES ~LANK CO~~ON IN THIS V~RSION. 

READ ACCESS ALLOJS THE LIST~D ROUTINES TO USE THE VALUES 
OF VARI~8LES I~ THE eLOCK OUT NOT TO ~ODIFY TH~~ ; 

WRIT~ ACCESS ALLO~S THE LISTED ROUTINES TO MODIFY THE VARIABLES. 

AN ASTERIS~ FOLLOUING TH~ NAKE OF A SUBROUTINE INDICATES THAT 
ACCESS IS EXT EN OlD TC SUBROUTIN~S CALL~D 8Y THAT SUBROUTINE. 

IF A ROUTINE IS NOT LISTED, IT DOES NOT ACCESS THE SLOCK. 
"GL013AL" rlEANS THAT tHiH ROUTINES ARE PERiUTTED THE. INDICATED 
TYPE OF ACCESS. 

c----------------------------------------------------------------------
C 
C ******** PAR A H CO~~ON BLOCK *************** 

INTEGER UFIL,USCR,O,OIMPHY,DI~LIe,DIMFSH 

PARAMETER(UFIL=1,USCR=2,UoF=-9999.,OI4LI8=25,DI~PHY=20) 
PARAr.ETER(IN=5,O=6) 

C *u**** f\'C 0 1'\ P' COfPION BLOCK 
COt1to(ON INCOl'PI 'jCO~P 

**** ** ** ** ** ** ** 

'C **~***** IDE N T CO~~ON BLOCK ****************** 
CHARACTER*5IDENT 
COHMaNI IDENTI IDErtT<5,Oli-1PHY) 

C ***-***** P H YS C0:-1.10N BLOCI< *-************* 
I~TEGER K~OOEL,1aOLHV,~ODLHL 

INTEGER CON(DIhPrlY),UCON(Dl~PHY),NCON,NUCON 

LOGICAL ~EWSYS, fHVAF,FHLIQ,FHID,FHRRK,fHDILU,FHEXCS, 
& FVIRHO,FDII4ER,CtUlHOC 

REAL ;,\OLWT 
DOUBLE PRECISION FUCON 
C OI'PION IP HY 51 ' K ,40 DE L ,:~O DL HV,N 00 LH L, CO Ii, UC ON,~ CO N, NU CON, 

'& NE~SYS, FHVAP,fHLIU,fHIO,fHRRK,FHDILU,FHEXCS, 
& Fl/IRHO,FOIIHR,CHMHCC, 
& MOLWT(DIMPHY),TC(OIMPHY),PC(OIMPHY),VC(OIMPHy),OHEGA(DIMPHY), 
& DELHF(DIHPHY),DELGF(OIHPHY),TREF(DIMPHY),PREF(OIKPHY), 
& CP~APA(DIPPHr),CPVAPB(DlhPHY),CPVAPC(DIMPHY),CPVAPO(OIhPHY), 
& AN1A(Dli4PHY>,ANT5(DIHPtiY>,ANTC(OIMPHY>, • 
& RDGYRA(OI~PHy),OIPOLE(ol~PHY),ETA(DIMPHY,DI~PHY), 
& ZRA(DlhPHY), FuCON(OIMPHY,o), ACTPAR(DIMPHY,DI~PHY)' 
, RKCMGA(DI~PHY),RKO~GB(DIMPHY),RKPC~(~I~PHy,DI~PHY), 

& oENS(DI"IPHY> 
C *-******* L I 0 C01~O~ BLOCK ************* 

REA L l'Iw (D I,.. LI S) ,0 i~ ( 0 IML 18 ) , TT C ( D I ML IB ), PP C ( DII'!L IB ), V V C (D 1 MLI 8 ) 
REAL DH(DIMLIB),OG{DIMLIB),T~F(OIMLIB),PRF{OIMLIB) 
REAL CPA(OIMLIO),CPQ(DI~LIO),CPC(DIMLI8),CPD(OI~LIB) 
REAL AA(OIMLIE),A8(DIMLIO),AC(OIMLI6) 
R~AL RD(OIMLIS),OI{OIMLI8),ET(OINLIB,OIMLIB), ZR(OIMLI3) 
REA L LL AM (0 IIi LI a, 01 Ii LII3), AC TA (0 IKLI B, DlP-lLIfl) 
REAL RKA(DI~LIU),RKB(DIMLIO),RKJ«DI~LIO,OI~LIB) 
REAL'RHO(DIMLlil) 
DOUBLE PRECISION F~(e,DIMLr8) 

C INTEGER ID(5,DI~LIG),IDA(DINLIB),NCLI8,LIB~AP(OIKLlS) 
INTEGER NCLIB,Lle1AP(DI~LIa) 
CHARACTER ID(S,011LI2)*5,IOA(DIHLIB)-S 
CO~HCN/LIaC/ID,ID~ 
CO~~CN ILIBI ~~,O~, 1TC,PPC,VVC, DH,DG,TRF,PRF, 

? CPA,CP~,CPC,CPO, AA,AB,AC, RD,DI,ET, ZR, 
~ LLAK,ACTA, RKA,RK8,RKK, FO, NCLIC,LI8~AP 
COI1~CN/LIaHEXI RHO 



.---------c--------------'~------------ ------------- --. ---- .---.- - - .. -- -- ·126--· ._-- -- - -- _ . 

'1..1 

'-

c ******** C t( V A. L U CO/'li~ON BLOCK ************ 
C 

COHMON ICKVALUI VLIQ(OIMPHY),FREFER(DIHPHY),VLIQID,VVAPOR, 
• PHIVAP(DI~PHy),PHILIQ(DIKPHY),GAH~A(DI~PHy),PCTRM(DI~PHY) 

C *************************************************************** 
C ********** F S H COMMON SLaCK ************** 

PAR AI"ET Ef< (0 11'1 FS H=23) 
REAL U,UHAT,USCALE,G, ALPHA,HID,DLNKOT,PI,KO, WORt< 
REAL TLO,TUP, PLO,PUP 
COH~CN IFSHI UlDI~FSH),UHAT(DI~FSH),USCA(E(Dl~FSH),G(DI~FSh), 

• ALPHA(DI~PHY),HID(DI~PHY),OLNKDT(DI~PHY),PI(OIMPHY), 
• KO(DIKPHY), ~O~K(690), 
• TlO,TUP, PLO,PUP 

C ********************************************************** 
COMMCN/CSECAN/NSECAN(3),lTEST,~TONE,X,F,DX,XLO,XUP 
COM~CN/CSECAN/KOUNT,~AXFUN,DXACC,EPS1,EPS2,ZtRO,X~(4),F~(4) 

C====================================================================== 
C PARAMETERS (GLOB.~L· COtiSBNTS) 
C DEFINITION OF VAi\Ii\SLES 
C IN LOGICAL ~f.VICE USED FOR INPUT FRUM USER. 
C a LOGIC~L DEVICE USED FOR OUTPUT TO USER. 
C UFIL ~UMEER OF LOGICAL.DEvICE USED FOR STORAGE AND RETRIEVAL 
C OF PHY$ICAL FROPERTltS OR ~XPF.RIH(NTAL DATA. 
C USCR LOGICAL DEVICE USED FOR SCRATCH FILE. 
C UDF VALUE WHICH ~EANS uUNDEFINED". 
C ~ DIMLI9 DI~ENSION OF ILIBI ; THE MAXIMUM ~U~BER OF COMPONENTS WHICH 
C CAN BE STORED IN THE LIBRARY. 
C DIHPHY DI~EhSION Of IPHYSI ; TH£ ~AXI~U~ NU~8ER OF CO~PONE~TS 
C I N A SY ST Eh • 
C 
C====================================================================== 
C INCOMPI - NU~laER OF COMPONENTS IN IPHYSI 
C 
C' 
C 
C 

, C 
C 
C 
C 
C 

C 

A CC ES 5 
REA D 
WRI TE 

G LOEA L 
RETR~V,SYSTE~,OEFI~E,ACTfIT 

DEFINITION Of VARIAilLES 
NCO~P ~UMBER OF CO~PONENTS IN THE SYST~M. 

~CO~P=u <=> THE SYSTE~ IS UNDEFINED. 

DATA NCOHP/1CiGI 

~ C====================================================================== 

.. 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C'-

IIDENTI - ALPHANU~eR!C ~A~ES OF CO"PON~NTS IN IPHYSI 

ACCESS 
REA 0 
WRI TE 

EXECUTIVtS AND AUXILIARIES 
RET RC V*,S YS T er., DE F I Nt. * 

. DEFINITION OF VARIABLES 
IDENT' ARRAY OF 25-CHARACTER NAI~ES OF COMPONENTS IN SYSTE"'~ 

--------

NAM~S ARE STORED IN 5-WORO COLU~NS, 5 CHARACTERS PER WORD. 
lOE~T(1,I) THRU (5,1) ~ONTAIN ~A~E o~ COMPONENT I 
IN IPtiYS/. 
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c -= =:: = - = = :: :: - ~ :: - :: ::-:;-:::;;-;::-=~=:: =: ==-=~;-;:;: -::-;-;::;,;-;;-;;-;-;~;,-;;;-;-;-;;-;-;;;-;;:; = 
C 'PHYS' - PHYSICAL CONSTA~TS FOR K~ALU[ 
C • 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

• C 
C 
C-
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
r. 

I\CCESS 
REA D 
WRITE 

~VALUE*,HVAPCP*,HLIJID*,GSTPXY 

SYSTE~,ACTOBJ 

DEFINITION OF VARI,\dLES 
NEW~YS USED 6Y K~AL~E TO SUPPRES~ REPEATED CO~PUTATION OF 

QUANTITIES wHICH DEP~ND ONLY ON THE IDE~TITIcS OF THE 
CO~FO~ENTS I~ A SYSTEM AND ~HICH ARE INDEPENDENT OF 
TEKPERATURE, PRESSUR~, AND COMPOSITION. 
ANY ROUTINE ~HICH MODIFIES 'PHYSI ~UST SET NEWSYS=.TRUE. ; 
KVALUE REStTS NEWSYS~.FALSE. 

KMOD£.L SELECTS TlfE l"ODEL uSlD SY KVALU:: TO ESTIMATE K-VALUES. 
=1 --) ~ILSON/vIkIAL HODEL. 
=2 --) REDLICH-KIoiCl\G EyUATION OF STATE; 
=3 --) ANTOIhE E~UATION. 

------ THESE VARIABLe'S DEFWe:D ONLY wHEN II.MODEL=1. -----­
CON 
UCON 
NCON 
NUCOh 

11 OL WT 
TC 
PC 
VC 
O~EG" 
A~T A,a, 
C 
RDGYRA 
DIPOLE 
ETA 
ZRA 
FOC 01-1 

ACT PAR 

RI<O MGA 

RI(O MGB 
R KP CI< 
DEN S 

LIST Of "CONDENSA8LE" COI1PONENTS .. 
LIST Of "HON-CONDENSABLE" CCMPO~~NTS~ 
NUMBER OF "CONDEHSA9LE" COMPONE~TS. 
~Ul'1BER OF "NON-CONDENSABLE" COi<iPONENTS. 
ACTIVITY COEFFICIE~TS FOR COND[~SABLES ARE CO~PUTEO FROM 
THE ~ILSON f~UATION ; THE ANDERSON EQUATION (A CORRELATION 
OF HENRY'S CONSTANTS) IS USED FOR NON-CONDENSABLES. 

1'I0LECUUK WI:IGHT. 
CRITICAL T~~PF.RATUR~. 
CRITICAL PRESSURE. 
CRITICAL VOLU'~~. 

PITZER'S ~CENTRIC FACTOR. 
ANTOINE COl;;FFICI£NTS. 

kAD!US OF GYRATIO~. 

DIPOLE M: .. ENT. 
ASS OC IA Tl ON PAR AM EYER S. 
CO~STA"T IN RACKETT lQUATION FOR ~OLAR VOLUKES. 
CONSTANTS IN EXPRESSION OF C .... 2CKERT ·FeR CORRELATIOtt 
OF Z~RO-PRESSURE REFERE~CE FUGACITIES. 
6 _PARA~~TERS FOR EACH COHPONENT STORED BY ROW. 
ACTIVITY PARA,'1ETERS. 
IF 80TH I,J ARE "CONDENSABLE" (Ib APPEAR IN THE LIST 
CON), THL~ ACTPAR(I,J) IS A WILSON PARA~ETER. 

IF ONE OF I,J IS CONOE~SABLE AND THE OTHER NON-CONDENSABLE 
THEN ACTPAKCI,J) IS AN ANDERSON PARAl1ETER~ 
"REDLICH-KWONG OI'lEGA A"; CORRELATING PARA~ETER FOR 
REDLICH-KWONG ~wUATION AS ~ODIFI£O BY PRAUSNITZ AHO CHUEH. 
"REDLICH-KWONG O~EGA e". 
"REDLICH-KWONG-PRAUSNITZ-CHUEH K". 
DENSITY. 

-------------- ------
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v 

C========================:==========:================================== 
C ILIOI - LI6RARY OF PHYSICAL CONSTANTS 
C 
C 
C 
C 
C 
C 
C 
C 
C 

. C 

C 
. C 
C 
C 
C 
C 
C 
C 
C. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

• C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

,.CCESS 
REA 0 
WRI TE 

A UX ILI~, Rl ES . 
RETREV*,DEFINE*,ACTFIT 

DEFliHlIONS Of VARIABLES 
HOTE: SYSTEM COPIF.S V,tLUES FROr! ILlBI TO IIDENTI .'ND IPHYS/. 

/'IW 
OM 
TTC 
PPC 
VVC 
°li 
DG 
TRF 

• PRF 

RETR~V LOADS ILIal ~ITh SELECTED COMPONENTS fRO~ DISK FILES. 
DEfINE ~LLO~S THE USER TO ~ANUALLY INSERT OR MODIfY VALUES 
IN ILIB/. 
NEARLY ALL VARIA~LES Ih ILIBI H~Ve DEFINITIONS CORRESPCNDING 
Te VARIABLES IN IIOENTI OR IPHYS/ • 

<--> /'10 LilT 
c--> O~. EG.\ 
<--> TC 
<--> PC 
<--> vC 
<--> OELtjf. 
<--> OELG F 
<--> 1R EF 
<--> 

CPA, e:, < -- > 
C,D 

PR EF 
CPVAPA,CPVAP8,CPVAPC,CPVAPD 

... All, 86,C C<-- > MITA,ANT8, AtotTC 
RD <--> RDGYRA 
01 <--> DIPOLE 
£T . <--> ET A 
ZR <--> ZR.' 
LLAM IoIILSON PAqA~ETER "LOWER-OSE LA!'iUDA". 
ACTA ANDERSON PARA~ETER fOR C0R~ELATING ACTIVITY COEFFICIENTS 

OF hON-CONDE~SAaLE COMPONENTS. 

RKA,B 
R 1<1< 
RHO 
FO 
10 
IDA 
NCLIe 
LIB liAP 

LrHGAI'iBlJ) = ACTA<I,J) 't' ACTA(J,I)IT 
.WHERE GAl-F1AIJ IS ACTIVITY COEFFICIENT OF NON-CONDENSABLE I 
IN CONoENSABLE J AT INFINITE DILUTION OF I AND 
T IS n!~PERATURE. 
LLAM AND ~CT~ ARE COPIED INTO ACTPAR IN IPHYS/. 
c--> RKOHGA,RKOHGa • 
<--> RKPCl< 
<--> DENS 
c--> fGCON (PARA~ETERS fO STORED BY COLUMN) 
<--> IDENT IN IIDENTI 
ALIAS; 5-CHARACTER ABBREVIATION FOR COMPONENT. 
NUMBER OF CO~PON[NTS l~ THE L18RARY. 
LIST CF COMPCN~NTS WHICH HAVE SEEN COPIED ("CHEC~ED OUT") 
FRO~ ILIBI IhTO IPHYS/ w 

IF II=LI~HAP(I), THEN THE I-TH COMPONENT IN IPHYSI IS 
A COPY OF ,THE II-TH COMPONENT IN ILIB/. 
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C ICKVALUI - THERMODYN"r.IC QUANTITITES COMPUTED BY KVALUE. 
C 
C 
C 
C 
C 
C 
C 

,. CC ES S 
READ 
WRIT£ 

ACT08J, ACTEXP 
KVALU E 

DEFINITIONS OF VARU9LES SEE KVALUE*~ 

C ==== == == ==== == == == == == == = ===== == == == == == == == == == == ==== == ==== == ====== = 
C IFSHI - WORKSPACE FOR THE FLASH MODELS 
C 

A. CCES S C 
C 
C 

READ AND ~RITE GRANTED ONLY TO ~FLASH AND THE FLASH ROUTINES. 

C 
C===================================================================== 
C ICSECANI - INTERFACE WITH SECANT 
C 
C 
C 
C 
C 

,. CC ES S 
READ AND wRITE ACCESS IS NECESSARY FOR ANY ROUTIN~ 

WHICH USES SECANT. SEE LISTING OF SECA.NT. 

END 

• 



APPENDIX E 
EXPLANATIONS OF THE DESPAC2 LIBRARY FILE 

- --
AND THERMOPHYSICAL PROPERTIES 
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'- -

, C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
e 
C 
C 
c 
e 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
e 
C 
e 
e 
C 
e 
e 
c 
C 
C 

• C 
e 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

COMPO~ENTS IN PUaDAT 
THESE 91 COMPONENTS AR~ AVAILASL~ TO ~LL USE~S. THE FILE PUSDAT CONTAINS 
ONLY THE PURE-eCHPO~[NT PROPERTIES FOR [ACH COMPONENT; NO SINARY PROPERT 
(E.G., WILSON PARA!';ETERS) ARE PROVIDED IN THE:: PUBLIC DATA FILE. 

hA"'E ALl.\S FOR~ULA 

ARGON 
NITR OGEN 
OXYGEfi 
SULFUR OIQ,(10E 
HYDROGEN CHLORIDe 
HYOR OGEN 
HYDROGEN SULFIDE 
A:1)40 N IA 
WA TE Ii 

CARaON TETRACHLORIDE 
CARaON DISULFIDE 
CARBOf'i MONOXIDE 
CARBOh OIO;(IDE 
CHLOROFORM 
DICHLOROHETHANE 
FO RriA L DE HY DE 
FORMIC ACID 
NITRO"'ETH,k.NE 

• "'ETHANE 
ItETHAhOL 

.... 
TRICHLORCETHYLENE 
ACETYLENE 
~ETH YL FOR MA TE 
ACETOf'iITRlLE 
ETHY LENt: 
1,2- OICHLORO ET HA HE 
ACETALDEHYDE 
ACETIC ACID 
ETHYL IOinOE 
IHTROETHAI'tE 
ETHANE-
ETHANCL 
ETHYLENE GLYCOL 
Ol1'!E Tf1YLA/HNE 

PROPYLENE 
ACETONE 
METHYL ACETATE 
PROPICNIC ACID 
1-NI HOP ROPANE 
2-NIT ROP RO PA f-iE 
PROPANE 
N-PR OPAN OL 
I-PROFAI1CL 

. TRIHE1HYLA!'IINE 

An 
N2 
02 
S 02 
H Cl., 
H 2. 
H 2S 
i4 H3 
H2o 

CCL4 
C S2 
CO 
C02 
CCL3 
C CL 2 
C1AL 
CH 
C 1r;02 
e1 
MEOH 

TCE 
C2# 
C1F 
C 2N 
C2= 
120CE 
C2AL 
C 2~ 
ETI 
C Zt>;O 
C2 
ETOH 
EG 
D"lA 

C 3= 
ME2CO 
C1AC 
C 3~ 
1 C3!'/0 
ZONO 
C3 
NOOH 
I C30H 
TPA 

AR 
N2 
02 
02 S 
HCL 
H2 
H2S 
H3 Ii 
H20 

CC L4 
CS 2 
CO 
C02 
CH CL 3 
CH 2CL2 
eH 20 
CH202 
eH 302N 
CH4 
CH4c 

C2 HCL3 
C2 H2 
C2H402 
C2 1'l3N 
C2H4 
C2H4CL2 
C2 H4 0 
C2 H402 
C2 HS I 
C2 HS 02" 
C2 H6 

.C2HoO 
C2 n602 
C2H7N 

C3H6 
C31ibO 
C3H602 
C3H602 
C3 H702r4 
C3H702N 
C3H8 
C3H80 
C3H80 
C3 H9N --_.r __ _ 
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G _._ .................. ,'"-, ...... _.--
-.~.-. - _ .. --.-._----

I...- C 1-JLJTENE 1 C4 = C4 HB 

l' 
C 2-BUUNONI;;: 2 C4 =U C4 HoO 
C TiTRAHYDROFURAN C4 HilO 

I...- C 1,4-0IOX"NE 1 4 D 0,< C 4 tic 02 .. C ETHYL ACETATE CZAC C41i802 
C N-dUTANE. ti C4 C4H10 

\..., C I-OU TANt: I C4 C4 H1 0 
C N-BUTANOL H C4CH C4 Hl no 
c 2-0UTANOL 2 C40H C4Hli1o 

I....- C I-BUHNOL i C4JH C4 Hl CO 
C TE RT-6UT AN OL T C 4 OH C4 H1IJO 
C DIETHYL ETHE R DEE C4 H1/"10 

I....- C ETHYL CELLOS OL VE C4H1G02 
C DIET HYL",,.I liE o fA _ C4 H1l N 
c 

'- C FURFU""LDt.HYDl: FFAL C5 H402 
C PYRlDINE P YR C5H5N 
C ISOPREllE 1 P 1\ EN C5 HB 
C CYCLOFt:NTANE OC5 CS H1 :; 
C N-PEN1At4E ri C5 C5 Hl 2 
C I-PENlANE I C5 (5 H12 

',- C 
C Ctl LOR CBE NZ EN E BZCL Co H5 CL 
C NlTR06ENZEN£ B ZN02 C6H502N 

\.. C • BENZ Er,E az CoH6 
C PHENOL tHO Ii C6HoO 
C .... A/ULI,.,E aWH2 C6H7N 

'-' C CYCLOHeXANONE C6 Hl 00 
C C Y C L 0 HEx At. E (j C6 CoH12 
C l-HE XENt: 1 C6= (oH12 
C HETH YLCY CL OP EN TA Nt MELCS CoH12 
C CYCLOHEXANOL t) C6 OH COH120 
C 2,2-DI~ETHYLeUTANONE 22D~B C6H120 
C N-BUTYL ACETATE NBAC C6H1202 
C N-HE -<ANI:. tl C6 CoH14 
C 2,3- D I~ETH YL eu TA Nt. 2 3D r~a C6H14 
C TR lET t1YLA/'I IN E TF.A Co Hl 5N 
C 
C TOLU E~E TOL (7 HB 
C METHYLCYCLOHEXANE t~ EU C6 C7 H14 
C N-HEPT.ANE N C7 C7 H16 
C 

'-' C STYREt.E STY R C8HB 
C O-XY LENE: OXYL C 1$ Hl a 
C It.-XYLENE /-IXYL C8H1 C 

"-- C P-XYLE:NC:: P XY L C8H10 
C ET HYL SE NZEN E ETBl CBH10 
C N-OC TANE NCB CB H18 
C 2,2, 4-TR II'! n HY L PUlTAN~ 224:tP C8H18 
c 
C N-OEONE N C1 Q C1 QH 22 

,-. C N-HI:: XADE CANE. NC16 C16H34 
r 
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PHYSIC~L PRUP~RTIES FuR C~S?IC 

EXPL~NUIUN 

EhCrl Ltu~ IS Of'TH~ fO~M <PR~FIX> SUU~C~ C~TA. 

PRFFTX O~SCRIPTIU~ OF U~T; 
,~ IOcNTIFICATrO~. 
= FUNUA;iEuTAL tlk8Pi:ii.nr-S GF PUC!l COIIPO/>j1:NT~ 

n ST~~DARO STAT~ ~~ltT'~r TU PU~~ FLr~rNT~. 
C P~RF~CTGAS HE\T CAP'~rlI~S. 
A 4NTUIN[ CU~FflClFhTS. 
# CONSJANTS UScu BY urUAL /\"'0 I.GLVUL. 

DI'·!:'1SIUriLESS I'hRhf!t;.Tt:::<S Hk 1 rL REOl.!Ch-K'HJNG t.c.:l!ATICN. 
() CONSTANTS USED BY nSTAT~. 

$ DENS lTY 
e BINARY hSSOCIAT!ON PAk'nETE~5 FOR ~,~!ftL. 
;i JILSOt. PAk \hEl:kS .. 
rl P .. P;..·.Al:TEKS FIJR. CCRRi..L\TIO;, uF hd;~'r'C; L;.li CAiA. 
i( I1H~ R~CTIlU ?M.=<.~!lt:T:::~ H. P ~.~U~ /'\1 Tl-C hU!:H R::uU Ch-K kONG lQUf,T! Uti. 

~ DtSCRIPTIuN nF vARIABLES 

.. N.\.'1E r 25-CtiAR.~CH.K t-.;.I~l UF CO'lPOI'l!"NT (FIRST iN 9ltUd,Y S'rST(!"). 
~ • ALl~S 5-CrlA~ACT~~ ~8dR[Vl~TJD~. 

IjI F'JRf-IULA ATO'HC FO.!I';l.JL~ (C H U ri!i t= CL 8t~ 1.; UTtil:RS ALFHAbETICtLLY). 

.. ,iOl ... T 

.. 0 iE GA 
""'TC 
.. PC 
.. VC 

1.1 DELHF 

v OEL GF 

1.1 TRcF 
oJ PREF 

C C?'i~PA 
C C?\lr\i'B 
C CP'/APC 
C CP v I,p 0 
C TiN,T~X 

'" J\~I T·1 
A:Hd 
idTC 

~ T11'c,r~X 

# ROGYRA 
If Ll I P LlL E 
II t:TA 
IJ lRA 
II vST f.r<. 

HOLECUL'\?, liE lGHT • 
PITlER'S ~C~NTkIC F!CTUR. 
CRITlC/.L HitP=K;\TUF.~ (K)~ 

CPITICAL PRESSURt (dA~). 
CRITICAL ~0Lu~~ (~L/~CL). 

EIHHALPY (J/i'.CLJ OF FCk"',ITlOh GF PUp.~ COliPUr-;t;~T H TH[ 
PF.RFl:CT-GAS Sl.<oTE fIT n;2t= Ht;ii PIJIie: LLt;,t'ENTS II'! HeH: t'.O!jT 
STABLE STAT~ AT Z9d ~ A~O 1 bJk. 
GTI3!3S ENel<GY (JhOLl OF FCP"',~TlOli UF PURE COr,PC;r\i:t.-r IN THI: 
PFRFECT GlS STkT~ ~T T~EF,PRcF FKC~ PURE ELEHf~TS IN' THEIR 
hOST STABLE SlhTES AT l0d ~ A~D 1 tl~R~ 
RFFJ;REtlCE: Tcn?LRATURl: (K) FOf.,U!:U-F,Cr:LGF. 
R~FrRENCE P~~SSUK~ (8~k) FUR CELHFtDlLGF. 

CO~~TA~TS l~ THF P~~FECT-G~5 H~AT-C5PACJTY FWLATICN, kITH 
C P (J /. \ 0 L - K) = ,~ ? 3 * T ... C \" T ¥ oj< ~ ... t) * T ,~", 3 
ii He R~ T 1 5 Tl: Ip U .• ~ 1 Uk [ , (r<. I ~ 

CI1.'j')T:.:ITS rt~ .~i~TO]l':: v:'pG~:-nFSSUt<(; I:Cu.qTUN, wITt­
v~paR PRESSU~~ ~P (~~~I Glv~~ "S FUNCTICH OF T (~) BY 
UIl'lPI ::I "llIi,·· ,\tnd/(T ... "'olCI. 
00:.\11\ iJF lEl:Pt:r.t.Tur.!:. lK) FOk ANTOINl £QU,UIO~. 

R~OIUS OF GYk!T'~H ("I. 
OTP'JLE ,'\iJ lun (C':tiY~). 

CIir:~IC;.L ~S5uc!~iHJN ?t,Rt.'':hR FOR Pt,TR Id. 
CIJil<iTMH Iii THI: 'R,~C:<lTT LCl.JnrOIl. 
CfJP.P.::LATlIH; ,,~~:;I.,.q::~ P'L/dOLl ; :4CT USED BY KVALUE. 

fo;l{O'iG A COP.Rt:U. TI II'; I' ~1·.:; ... =T'·lt 5 fl"' f:rLLlCh-K \-ICI\G tQU'IT tLN. 
11.1<0 <It; B 

F"COtl COr,iST/.:HS IN lL~U-P K~frl{F;Ir:1: FUG"CITY CORHLATIO" OF C .. t..cCt(FI\T .. 
T'II191 11 )( IJ%\W uF HIIPlR:,TUit.: (KI UF nul. TC WHIC.., F\JCON ~tl~l: FIl. 
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'-

t. l';A.:tF. 
i:: i::TA 

.. (i~ ,-\ E 
~i LLd 

J 

J 

I~~i'l(: UF S::CO!I( CO!-JPOrin.T III ctrL\R'r SYSTEl-I. 
CHE:HCAL .\SSuCl!tTIU~ P;;~"~L;T£.K FOR PJ.lf< I,J. 

NA~~ UF S5C~N( COHPON~~T I~ BIN~R'r S'rSTFn. 
WILSON PAKiilfoTI.:RS IKl. 
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H N~~E J ~.~E OF SECONe CuM~CNFNT IN bINlR'r SYSTEh. 
H ACTA ANOF.RSOtl Phi<;."4I;TER~ FUR COK'!I.:lATlt>G J..CTTVITY CUfFFICHI,TS uF 

I-lO/l-CUND(;"~SABLl CC;iPUNI:.NT5~ 
LNIGAMhA1Zl • ACTA~2 • ~CTA2l/T 

WH~RE GAM1A1Z IS ACllvlTY CQLFfICltNT OF NUN-CUNDEhS~BLE 1 
IN CUNUENs~aLf 2 Ai It>FlhITE OILUTICN ~F 1~ 

T 15 T~~PEk\lUk[ IK)~ 

1\ tH/iE J I'1A!1': UF SECUNe COI~PCNF.fjT Iii I3Tru,,{y SYSHri. 
K R/{? CK PRAuSrHTZ-CHu EH INTt.=I{ACTl Oil PH:. .U,r:T [I<. FOR REULl CH-K',WNG t::QU/. TIuN. 

FORIt4T: 
.. tlA '~t: I .. 
() 

C 
A 
II 
:. . 

rlOUH 
OFLHF 

CPV,\?A 
ANTA 

ROGYR.~ 

RKOdGA 
FuCO'H 1) 
FOCOtH4) 

; Of: NS 
E NA'Ii: J 
'.' t~A ~t: J 
H"A~E J 
I( NA >It: J 

.1.8.21.'3Z.UCLP, Bu, Pv3 

U 'If; GA 
Oi.:LGF 
CPVA?~ 

ANTS 
OJ.PUL~ 
kKflhGB 

t.LlA:i F::JPf1ULA 
TC 

TkFF-
CP VAPC 

ArlTe 
I:T;.. 

F:COr~ C2 I 
FflCOfiC,1 

LTt.CI,Jl 

PC 
PREF 

cpv"PU 
Tf, IN 
aA 

vC 

T~ rr~ 
Hi.\).. 

VSHK 

FuCfJ/\(31 TI'IIN 
FleDrdb) TnAX 

LLA:.cl,Jl LL.\IHJ,I) 
ACT~(l,J) JCT~CJ,I) 

RKPCKU,Jl 
i'l.13cKLNS. 
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APPENDIX F 

INPUT AND OUTPUT SYMBOL DESCRIPTION 
. . . 

FOR COMPUTER APPLICATION 
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C*.*.·* ••••• ~ ••• 9*9.+.¥~.l* ••• ~t~.¥~~.¥*~ •••• ~t •• +~i •••• ~~++ ••• ~~.**~ •• t.* •••• ¥. 
C 
C ~VALuE - VLE P~C~A~~ 
C 
C ....... i'« '" .... II' -il ... 'I' ~. y+- 4 '" .~ ",';',' ~ 'I' ~, +'.> .... ~ ... }, ... * ~ ?" t..;. ~ T i;. ~ ~ t .. ~ .. "'.;. ~ ¥ * '" • 'I- ~" '" ¥ *;;0 -1<,. ~ "" *." q. '!" (. *. +.f: * 'I' * 
C 
C ~VALUf P~k~~2TLRS 
C 
C INPUT PAKA~FT~~S 
C 
C SY:'IdOL OESCtUPTItJl. 
C 
C 
c 
C T 
C 
C P 
C 
C ,\(1) 

C 
C {( 1> 
C 
C uUT?UT PA~~H~TE~S 
C 
C :'YfitWL OfSCRIPTlON 
c 
G 
C 
C "n) 
C 
C I~OTE: 

ECUILIBRIUi\ CQl-J'\TAiIT (K-VALUL) OF LOhPG"E!'1T 1. 

c 
c 
c 
c 
c 
c 
~ 

K(f) '" Y(ll/~(J) lJdLY I-lhr:rl TI-1i.: LT..;U1D A;'jC v,:.PCP PH~Sr:S. ':'~2 IN 
t:I.IUlLIaRTU~(; i11U~, TH[ '1i.lUr- r:~ idil Tt:STS FOR t3UT OOFS 1~0l UJCTATi:: 
<:IJUI Ll U:{ IU ,~~ 

I L·¥···.*.· .•. ·.~.+~' •• ¥~~4~).*'I't~~~.\.~$ •• ~ •••••• *~* ••• *.+~+ •••• ~ •• *.*.$.*.*.*.* 
• C 

C 
C I 

C •••••• *9 ••••• ** •• + •••• ~ ••• *.·$~9 •• *¥*.~~~ ••••• * ••• *¥ ••• *** •••• **' ••••• *~ •• * ••• ~ 
C 
C 
C. 
C .I.;~PIjT PAI<.\rlI=TERS 
c 
C SYMBQL 
(; 

I-
C 
C P 
C 
C T 
~ 
C l ( II 
C 
C TLiJ 
C 
C 1 UP 
C 
C no 
c 
C rUP 

DESCRIPTION 

PRLSSU~[ (BAR) FOR D~~/aueHL~ TFMP~RATURES. 

'TFtl?ERATU~= (K) FO;:" Ofll/ULdBLt ?HSSURcS. 

MOLE Ffcl.CTlOri OF I Iii THL :::Y~Tt::'i. 

LO\/ER BOUND ON Dti-l/8UBdLL Ti- II P!:F: •• TURLS (K). 

~PPFK 60UI4D 111\ O::~!I[3U3uLL PP.i:SSUIU::!;, (:JAR). 

fH"i.l.\. 
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-----------:-,,--._--
~ 

C UUTPUT PAR,l."E:Tt:P.$ 
c 
c Sy.,aUL DFSr.RI?TlOI/ 
C 
C 
C 
C tiT uU8BLE T~;4PER·\TUkt (K) TI;'(PFk,bTU){!7 OF SATLfOTfO LIlIU1D OF 
C C 1)1"1 PU S 1 T! ON I AT p .. 
C 
C UT DF.;, rEI',PER~TURt. II<) Tl=i-IP£Rl<TURt. llF Si-\TlJRAH:D V,i.PUR OF COhPOS.i.TlON Z 
C AT p~ 

C 
C tiP l1UIBL~ Pf:ESSURi.; IB,:.:U Pi'L;SSUK!; OF !>-~TUk'\HD LIt,;IJID OF COt,PUSITlOI, I 
CAT T_ 
C 
C UP 
C 
C 
CytH(l) 
C 
C 
C xOI( 11 
C 
C 
C YBP ( I ) 
C 
c 

T ~' 
UEII H.i:SSW<E ([j:'R) ; P~ES5U~~ OF SA1LPATLO ~~PO~ OF CCnPUS1Tln~ I AT 

f\!lLE FRJ.CTlON OF C(jI(PONEliT I W 'JaPO;': ,,1-11CH IS IN t:UUILldPlU,1 HITH 
LtUUID OF CQHP051TION Z AT P,BT. 

HnLE FRACTIOli OF CO'lPOi,CtIT r Hi l!wUIG ;./HICH IS 11\ EWU1UBfdui14 WITH 
V~POk OF CUMPQstrIoN l Af P,UT. 

,hOLE FR~CTlaN UF C~4PON[NT I r~ v.pn~ ~~lCH I~ IN f,uILI8RIUK hITH 
LtaUIO OF CGi:POSlTiC,1 l ;..T 8i',l. 

C xOP(I) rlOL~ FKACHON uF CO'I?8t-.:-i'll T It'l Lh:U10 IoihICh I!> 11\ EuUlLIBkIU'" fIlTH 
C VAPOR OF CU.IP·]STTIGII l H up,r. 
c 
C I'IOT~S: 
C 

C - DT ANU BT ARE NEJER ALLUH~C OUT~rOE ThE CLOS~O INTER~AL TLO,TUP. 
C 
C - Dtl MID BP ARE !-lEVER ~LLG\kO GUT!:IIU': TH;: CLOS::D INHR'iH PLO,PUP 

C - TH'= TNITTALIl2D "',LU~S OF TLO, lUi', FLtJ, Hi'll; PUP l:NCLOSc wIDE. 
C !IITr;RV;\LS I!HICti USU,;LLY i-jURr< ~!CLL .jJ.TH ThE \-:ILSONIVIl<b~.L ',OLr:-L. Fa" 
c Tt1E Rt:OLICH-r\;IO'IG 11t/CEL, IT HAY e:: 1,r-CESSt.RY TO OcFlt.f i'\(KF I\ARKOrl 
C INhRVALS ~,"PKO·PIU'\lE TU TI-!: SY.!iTt::li Cf U.IEk~~T~ 
~------.--, , 

• 
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C 
C.·~*~···****·*~·*+**···~*~~**~~**.*~*.t¥.¥*~+** •• f ••••• +*.**.**.*.* •• ~* •• **** •• 
C 
C 
C 

FLASH - FLASH CALCULATIONS 

C·······~··*****·*·t •• *.*.* •••••• * •••••••• +** •••• *.*.*¥ •• *.** ••• *~~,.*.~ ••• * ••• * 
C FLASH ~FKFuRIIS TtW-PHASZ: VAPIJR-l1CultJ fLASH CALCUL~TlOr'/S. SIx V~Rlf.TILt\S, OR 
C "TYPES" UF FLASH, ARi: ,\V~ILAtlLE .. Tl-f:.Y ItiCLlJOE TI1F. ADIABATIC FLASHt":S (PQ,TI.I),· 
C LSUTHERI'CAL FLASH HPJ, ~i~O DEW- .. NO BUeaU;-PUIN1'CALCUUTIIJI\S (TV,PV). 
C <\ 

C 
C 
C 

FLA SH PARMI ET ER S 

'DESCRIPTION C 5Ytt80L 
C 

,~ ! C 
C 
C T 
C 
C P 
C 

I.. C 1.1 
__ . _L_ , __ 

'. 
C V 
C' 
C 
C 

. C HF 
C . 
CHL 
C 
C Hi 
C 
t.: IdlJ 
C 
C 
G x(n) 
C 
c • 
C 
C 
C 

x (1) 

HI) 
'- C 

C 
.C 

C 
C 
C 
C 
C 
C 
C 
C 
C 

Zlll 

TLU 

TUP 

PLU 

PUP 

C GUI;SS 
C 
c 
c 
c 
C' 
C 
C 
C 
C 
C 

...... 

T~npERATuR~ (K) OF FLASH. 

PRE~SURE (aA~) OF FLASH. 

HF.AT ADDEO (J/;\OU TO FL:.SH pr::fi. riCLF OF FEED 10 FLASh. 
'--" - - .. -_.-,-_ .. _,- _ .. _-- - ." -_., --- -----

FRACT ION OF Fan ~IH rCH TS V:\PORIZEtJ. \.I <- v <- 1. 
V "'0 ==) ~O ~APU il PRODUCT FORtlro. 
Y:ol ==) NO Lluu TO PRuOUCT FCR1~Ul .. . ' 

ENTHALPY (J/nOL) OF Fff:D .. 

ENTHALP Y (J/r,cJL) OF LIeUl D PROCUCT. 

t:NTHALPY (J/i'f,OL) OF Of-OK ?RuCuCT. 

EQUILI8RIUti.COt4'5TMH ,(K-VALUU ; K(ll .. Y(1l/XlI) 04Hl:N TriO PHASES ARI: 
IN EQUILlBRluit~ 

S PL IT FRACTION 
vAPOR PRODUCT .. 

MOLF. FRACTION 

HOLE FRACTION 

HOLE FRACTl(Hi 

Lnl~!=R BOUND UN 

UPPER 110ur;D 01'0 

LOt4FR BOUND uN 
UPPFR BOUliO ON 

UF 

OF 

UF 

T 

T 

P 

P 

FRACTION OF 1 E~TEkI~G IN F~ED kHICh lctvES IN THE 

COMPONENT I 111 L!uUIO PRODUCT. 

CO iiP Otj EtlT I W VAPOR PROCuCT.· 

COMP Of-jI=NT I I Ii FEED. 

FOR PU, PV fLASHES. 

FOR PO, PV fLASHFS. 

FOR TI.I, TV FLASHF.S. 

FOR Tu, TV FLASHES. 
S!:E THE DISCUSSluN OF T Hi:;St: P Ak. A;, ETER S UNDl:R PHA5e:. 

CONTRbLS ThE GUESSING OF OUTPUT V_RI~BLfS T,P,X,Y,V. THE FLASH 
ALGO~tTHMS R~~Ur~~ AN lNlT1AL &UtSS FOK OLIPuT ~ARI_BLES. USUkLLY AN 
AUTOMATIC P~UCEOURE PROOUC~S GUFSSES GOOD ENOUG~ TO FlhD·THF CORKFLT 
SOLUTION, BUT QC~~SIONALLY THIS GU~5S IS TOO FAR FRCH THE SOLUTION TO 
ALLOW CONVERGENC~~ THIS IS UFTeN T~~ CA5f HHEN EUUATIONS OF STATE 
SUCH AS THE REDLICH-KWONG t~UATIu~ ARE USFD TO ESTIMATE k-VALUES. IN 
SUCH A C~SE, TH~ USER ~AY SUPPLY HIS O~N GUESSES (OR USE THE 
CONV~RGEO RESULTS OF 4 PREVIOUS SOL~TIUNl FOR OUTPU1 VARIAbLlS Tt p, 
X, y, OR' Y. 
GUESS .. (., --) 
GUESS :a 1 --) 

PROGRAK GUESS~S OUTPUT VALUES. 
USER GUkSSES LUTPUT V~LU~S. 

'. 



" ,.----; .. .. 
C ••• ¥*·.¥*·.~·¥ ••• $t.+¥.~.~b~*~t*.~*~4~*¥~¥t.~4 •••• 0.0~Ot*.~$~.*~~4*~.~* ••• *~*.* 
C 
~ ABSEO;l - GAS ';dSURPTIOrl (FUKlSHk 1'.fIMOe) 
C' 
c·+*·*·*···~~h.*.~.**.~.+ •• t+*.l¥*+ •••• *~~'.¥4.t.q~~~ •• *~ •••• ~ •••• ~*.*¥ ••••••••• 
C 
C ~BS~D~ PARA~LT~~S 

C 

C S Vii SOL 
c 
c 
c 
C IT 
C 
C 1 B 
e 
e p 
c 
e LT 
C 

D~S CR IPTI lHl 

T'7f'iPEP.ATURl (K) i. T TU P OF COlUi./I .. 

P:ilPER1,TUt<E (KI >IT Bonor. OF CGLU~i~~ 

AV~RAG[ P~[SSLk~ (BA~) TH~8UGHOUT CGLUhN~ 

--- i.:-..vo·_- ---: --riOl ~R E=Lu.J ",.:. T E OF "'\t> Of, FE L [) H~ TLJ 0 OTT 0·; OF C(llJ .. i 1\. 
e 
eN' 1~1J:i8Ek OF TI1L:'Jk"TrC,~L l:tJUIUti"IU ... STi,GCS. 
e 
e XT(I) .,., HOLFFRACTION OF cO'4?Or,i"flT J r, .• L!LlUIC Fi;i:[) (TUPI. 
e 
C VB (t I 
r. 

rlnu: FRt.CTION OF CLl~?ONFIIT I~ V~POk FEED (BC1TO~). 

(. UIJTPUT P':'RA!1t:TEF:S 
e 
C :iYriBOL QfSCRIPTlllN 
e 
c 
c 
C lIT 
C 
C LB 
(; 

(. YH!) 

I,; XJ(II 
C 
C xTT(LI 
i: 
C 
l. AlB(l) 
e 
t; 

110lAR FlUiih:~l'E tlF l {OUID PkOC\,;CT H.Cj~ tlCJTTU!f CF CCLU",N. 

hnlE FRACTION OF CG~pnNE~T t {~ VAPCk PRODuCT (TOP). 

HOLl: FRACTION uF CuIPONr:flT I III L T<.:UIC PKOUUCT (SCTTGfl. 

SPLIT FRACTION; FRACTIU~ Of cnnPUN~~l I ~NTERING Ih IT WHICh L~AvES 
HI vT, 

S pur FRACTIu~1 
U~ Lt3 ... 

F~~Cl IUN nf CO~PUhL~l , ~NT~kING r~ vB ~rlICh LEtvFS 
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c , 
C*·*···+·+*·¥~·*···+~*··4.~+ .• ~+~*.~9 ••• ~* •• ~.¥.~.q*q ••• ~ ••• ~.* •• * •• ¥ •• '.+y*.*.* 
G 
C ~CC~BE - ~CCABE-TH1~LE BiN~RY UISTllLATIO~ 
C ' . _ ' 
C •• * •••••• *t.+ ••• *~.*~ ••• t.*.~~.9 ••••••• ~*.* •• 4*¥~¥*~*.*~.~.~ •••• 9¥ ••• +.~.~ •.• ¥* 
G . ' 
C "CCABE PAR~METERS 
C 
C INPUT PARAHETERS' 
C 
C SYrtdOL 
C 
C 
C 
C KATIJ 
C 
C 
C ALPrlA 
C 
C 
(; W 
C 
C 
C 
C I:TA 
C 
C ;<F 
C 
C AU 
C 
C F 
C 
C IJ 
C 
C UUTPUT 

C SY/iSOL 
. _ " C._ • __ . __ 

C 
C 
C 1..11 • 
C 
C w 
C 
C L 
C 
C V 
C 
C LB 
C 
(. VB 
C 
CNT 
C 
C HS 
C 

liOTF.: 

OFSCK IPTI uN 

USEO TO CALCULMTE THE ACTUAL R~FLUX RJfIO. TYPICjL VALUE IS 1.3. TH~ 
ACTU,\l REFLUX fdTIU IIIll,Bi:: KATru TII-:ES 1111: till'ilt.UtI REFLuX RAnG .. 

'InUTILITY Of COIIPllNi:NI :.. kF-L.HrvF TO CCMPOIH:~T 2. 
ALPHA ~UST ~~ G~~ATFK THnN I.f. 

tJUAllTY QF FEED~ SF:E flOTE BlLUi'I. 
a=~ --) AllF~EU IS VAP~R ~T LE~ PCINT. 
a-l --) ALL FEED IS LICUIU AT SUaBLE PCINT. 

iWRPHREE. GAS-SIDE STAG!; f:FFIClt:NCY - USED TO STEP OFF STAGi;S. 

HOLE FRACTl 0/\ OF CO!'P ONENT 1 If-; FF.ED. 

. riOlF. FRACTIOU OF C(JiWONEr.T 1 IN DISTILLATE. , 
MOLAR FlO~R~H OF FE::O. 

r\DLAR FlO.~RATF OF OISTllUTE. 

PARAlIETERS 

DES CR I PTI ON 

HOLE FR~CTIO~ OF CU~PONENT 1 IN BOTTC~ PRODUCT. 

~OlA~ FLO~kATF nF BOTTOM PkOL~CT~ 

INTERNAL hUL~~ FLO~R~Tl OF LlcuIO IN TOP OF CCLUH~. 

INTERNAL ~ULAR FLO~RAT~ uF VAPOR IN TOP OF CULU~N. 

INTERNAL MULAR FLa~MATE OF LicuIO l~ 80TTO~ OF COLUM~. 

INTERNAL MOLAR FLOilR~TE UF VAPUR IN BOTIOMOF COLLHN. 

NU/,\Bi:R OF STAGl:S TIl TOP OF CGLU!-:H (INCLUDES FEED TRAY). 

NUnBER OF STAG~S I~ BOTTU~ O~ COLUHN. 

C 
C 
C 
C 
C 

- DEFINITION OF FEED wUAlITY, a: 

C 
C 
C 
C 
C 
C 
C 
C 

HOP - rlF 

HOP-l-aPT 

HHERE 
I-;UP .. 
Hf :: 
I-B PI .. 

Ei.THAlPY OF vJ..POR AT DEH POINT 
ENTHALP\' OF FEEC 
ENTHALPY UF Llauru AT SUBBLE POINT 
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C 
C*t~* •• + ••••• *.'¥ •• * ••••••••• ·* •• *~*~ •• h.* ••• * •• ~ •••• * ••• * ••••• * •• ~* ••• * ••••• **. 
C 
C 
C 

SHTCUT - SHORTCUT hLLT1CU~POhENT DISTILLATICN 

C~·····+~+·t.* •• *.***.*** •••• *~.* ••••• ~.~* •• ~~+ ••• * ••••••••••••••••••••••••• ** •• 
C 
C SHTCUT PARhHETeRS 
C 
C I;NUlIERATEO PARAtiHE~S 
C 
C SYH30L 
C 
C 
C 
C /jEw 
C 
C 
C 
C 
C lK 
C 
C 
C 
C 
C 
C 
C 
(; 

C 
~ AUTO 
C 
C 
C 

DESCRIPTION 

TRuE FOR NE~ COLUMN i FALSF FUR OLD CCLU~N; 
A NEW COLU~N IS DESIGNeD BY SPEtlFYI~G FTL ; AN OLD COLUMN (ON~ ~~ICh 
PHYSICALLY EXISTS) IS Ch~R~CTER!Z~O bY SG, ThE ~U~BER OF THEUP~TIC~L 
STAGE S. 

SELFCTS METHOD FuR FINDING RLFLUX ~ATIO R. 
IK-l --) R IS C~OS~N SUCH ThAT THE RATIO 

<INTERNAL ~UL~R FLOHR~TI; OF VAPOR> 
. --------------------------------- = vFr.A)(. 

<~ULAR FLOHRAT~·OF FeED) 
R IS SPECIFIED k PRiO~t~ 
R. ISA FU~CTION OF THl HINIKUK REFLUX R'TIC 
IE, R ". R FA C • R!'4 HI!, 

TRUF IF VOLATtLITT~S ~RE TO UE CU~PUTED AUTOMATIC'LLY ~Y FLSHTP 
UTH~RWISE FALSE; Th[ VOL~TI~!TY OF k CCftPON~NT 1 RELA1IVE TO A 
COAPONENT J IS Gl~EN BY THE ~ATTO UF K-V~LUES K(l)/~(J) i TH~SE K­
VALUE~ ARE COKPurFO BY FLSHTP ~T T, P AND l~XF. 

.. -.. -- ... -C .. ___ . __ . __ ._ ... _. __ , ._. ___ .. ____ " ... _._ .... __ .... _____ ._ ..... _ .. __________ . _____ . ___ ._ 

C l~PUT! PARo\I'tETERS 
C ' 
C SYfiBOL DESCRIPTION 
C 
C 
~ 

C Lt<l: Y 
C 
C 
C \oj 

C 
C 
C 
C XF (! I 
C 
C "FI1~'( 
C 
C 
C 
C 
c .. 

IND~X OF THE LIGHT KEY cawPO~ENT. TH~ hFAVY KEY IS THE COHPO~ENT 
HHOS~ RELATIVE VULATlLITY IS NEXT S~ALLEST TO T~~T Of THE LIGHT KEY. 

UUALITY OF THE F~FD. 
~=~ --> FEEO IS SMTUP.~TlD ~kpuR. 
u~l --) FEED IS ShTu~ATED LiQu!D. 

~OLl: FRACTIU~ OF COMPGN~~r 1 IN FEEU. 

(REUUIREO HH~h It<-l) 
THE MAXIHUM ALLOUA8LE VALUE UF THE RATIO 
<INTERNAL MOLAR FLO~RATE OF ~APOR> 

~---------------------------------<~OLAR FLOWRATE ~F fFl:D> 

" 
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C Ii. 
C 
C RFAC . 
c 
C 
c 
C T,P 
C 
C 
C 
C AU 1) 
C 
C 
C 
C FTL 
C 
C 
C SD 
~ 
C 
C FBH . 
c 

(REOUIRED WH~N IK=2) ReFLUx ~ATJu. 

(REQUIRED ~H~~ r~·3) 

F'CTUR BY HHICH R~lN IS HUlTIPLIlD TU GIvE R, T~E ACTU~l REFLUX 
RATIU; '. 

(REQUIRED HHEN ~UTU IS TRC~) 
TEIiPERJ\TURE (K) ,..NU PRr:SSUkF. (tl~R) ,q \O;HlCH FlSI-TP CO~PUTt:S RFLhTIVF 
v III AT I liT I E S • 

(REQUIRED WHEN _UTu 1S FALSF) 
. VOL4TTLITY UF COil?(JNCNT 1 !tELA1IVE TO MY UTh[k COriPONI:NT 

ALL VOLATILITIlS ARF SCALED k~lATrvE TO TI-E HE~vY KEY. 

(REQUIRED WH~N N~W IS TRU~) 
FRACTION'OF LIGHT KEY R[COVER~D AT TUP OF COLU~~~ 

(REaU!KED WHI:~ N~W IS FALSt) 
THE NUilSER OF TI-i;Of\~i leAL ST;,GE,) IN ;.N r:x I:iTlNG COLliiN. 

FRACTION UF hEhvY K~Y R~covrR2~ AT BGTTGh ~F COLU~N. 

ON (lUTPUT, 

C OUTPUT P:.RAII2TERS 
c 
C SYt'idOL 
C 
C 
C 
C FTL 
c 
C 
c 
C FIR 
C 
C 
C so 
C 
c 
C 
C SIIlU 
C 
c II. 
C 

- .C. fJllIl 
c 
C XD (I) 

C 
C XtHIJ 
C 
C J<L{IJ 
C 
c 
C REC(I} 
C 
C 
C R, AL t 

C S.UTO. 
C ' 

DF.SCRI?TIUII 

~ (OUTPUT WhEN NE4 IS FALSE) 
FRACTIUN OF LIGI-T KEY kECOV~RABL~ hT TOP OF COLU~N kITH A COLU~N OF 
5D THFORETICAL 5TA~ES. 

LOCATION OF FEED TR\Y - H::; t.UiI8c!1 OF lHEOkHIOL STI<Gt:S FRat'. THI:: TOP 
UF THE COLUI1N. 

(OuTPUT Wh~~ Nt:~ IS TRuE) 
.NUrl9ER ~FTHEORETICAL STAGES ~lC~SS}RY TO ~FFFCT THE StPhR~TION 
SPeCIFI(D BY FTL. 

~rNJ~UH NUhBt:R OF TH~ORETICAL STAGES. so D ShIN wt~N R cINF1NITY~ 

(OUTPUT WhEN IK IS NOT 2) ACTUhL REFLUX RATIO, 

hOLE FRACTIJN UF CU;-.IPOr-.Ef'lT I W DISTILLATE (TCP). 

'11lU: FRACTlOr~ OF CO'1P ONErll J It> a CT TC~S PR~DUCT. 

(OUTPUT rihEN AUTO IS TRU~) 
VOL!TILITY OF CChPON~NT 1 KELATIVE TO THE h5AVY KEY. 

RFCOVERY UF 1 - FP~CTIUh CF 1 ~NT~RlhG IN FEEC ~HICH LEAVES IN 
DISTILLATE. 

FTL, A~D so ARE EITHFR INPUT UR OUTPUT, O~P~NDING ON NEW, J~, AND 
Ot5PAC PROMPTS T~E US~R FOR GNLY THE REUU!RLO NA~~D PAR~M~Tt:RS. 

---_._----, ._-,--------_._--- - --
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c 
~*~~.*~)~.~*~.** •• ~ ••• **~.~'+ •• '.4.*.a •• 4* •• ~*¥t*~, ••• ¥ ••••• ¥*~.¥ ••• ~*~ •• ***.y¥. 
C 
G Cn.lU;'/~ -, RIGUR8US CGlUt.lt C"lCUL"rrLdl 
C 
C •• *·~···+··¥~*····*·)¥9 •• ~.~~~*¥ •• ~ ••• h4~+ •• ~.~.O.b¥ •• *~.,.~.++~* ••••••• *.* •• *. 
c 
~ 

C 
l. itlPUT PA~A~1FT;:RS 
C 
C SYhBUL DESCRIPTIOW 
C 
C 
C 
C 
~ 
C 
(. 

G 
G 
C 
C 
C 
C 
G 
C 
C 
C 
C 
C 
G 
C 
C 

NS 

bElA 

Io..T 

KB 

n 

PS 

FEi:;O 

tWHBc:R OF S TA G( S. 

L!U UI 0 FKACTICn uF 
BFTA :II 1 - v(I'~S)/D 

~ ET A. .. :i. .... ) TLJHL 

KFFLUx RAT LU. 

R!=BOlL kA TIll. Ril 

PR!:SSURE ( 8 Ak ) HI 

... jlRSSSUR~ ( t3l\K ) IN 

~S )= 2. _ 

~HSTILL.\H 

CuND::11 S~ p 

= V(ll/l(ll 

COtWlIIHt<. • 

~~Ei:lOlLL:R~ 

C t\ 'INOr:X OF FE:O STAGe. T,P 

P~:OCUCTJ 1.1"1 
... <= BL T j., <= '-

c TF.i,P!::R~TUKr. (K), pgrSSURc (e,~r,) UF Fi.;~D T(1 SnGE K .. l(l) 
C i'ifll~ Fi{'\CTlI.)i'j OF CO;'t'f'Jt1rriT I Jh fFEC TU STAG£:: K. Tn!: F:1.TiiftlPY HF(KI 
C OF THE Fi.:E.O IS CL.:Ti:R::li~i:O I.T T,P,L. FK 
C ~Ol~R FlO~R~TE Of F~~C TU SThGt~. l~~~L 
c 
c X r( I) 
C 
C 
C 
C 
C 
C 
C 
C 
C ~Iut: 
C 
C 
C 

USER'S INITIAL GU~SS 

~FN~R~TE GU~SS~S FUR 
OF lHL ::iPLIl FRAClIC"'~ (",5 THIS is USFD TO 
,:u,H'OSITruN~, TL"P!=;;-./IIUi<ES., toNe FLO.IPATcS IHTHIN 

THe ,COlUI'IN .. 
XUl) = 1 =~> 

Xl( r I ==) 

crl.l?U~IU;l' lIS YULATlLE; 
L~U% RcCOV~RY IN DISTILLATE LXPECTEC. 
CQ~PUN~NT 1 15 hLtvY ; 
1>'1._,7, ,~cCUVI:RY 1'\ OUTTOliS EXPEClfO. 

C S'I(KI FR/,CT!Otl OF VAPOI-:. Lf~,,'/lNG STt\Gi.: t\ vil-lCIi IS WIThCf.-A,Ih !oS I.. Vf,jl(jR 
C SIuFSTP.U.ll .. (J <'" 5V(K) < i. Sv(l\.) :::: ="'> NO Vf.?CR SIUES1RfA'" FkOi' 
C STAGl K. SL(K) 
C FR~CTIOh OF LIYUI~ L~jVING S)'GF K WhTCt- IS WIII-DRh~~ ~S A LIQUID 
C SrOr:STREt,r-,,, /l < .. $L(K) < 1. 'lL(I\) •• , .... ) Nfj LIQLlD SlD!::SHUii 
C FRU~ SUGc K. 
~---~--.-----.-.- -~.-----.-----. 
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(. :) Yti'3uL o FS CK IPT 1 Uli 
c 
c. 
c 
c I.JT 
c 
c 
c 
c riOST OF THe RFSULTS LJF CUlU~'ll r.RL CCnT"Il\:-'D lN ThE "PRUFilE", A TAUUUlTON OF 
(; :'i:V:::~~L V<\I{!/IBLES uY ST~GI: rrIC~X~ Ttl':" FLLLC:dr.G OlJTPUT V/'Klkt1LFS '!'P?[J.R IN THE: 
c PROFllt. THE USER CH~GS~~ TnE vkRlt&ll~ TU dE PRCFIlEO FRO~ THIS LiST. 

" 
c 
c I'RlJFILi: 
c 
c sndOl DcSCRIPTIIIN 
c 
c 
c 
c 
c 
c 1 L( K) hOl.l.R FLOdIUT:; f1F LTuUln L:': ','; !/\G SfAG'- K. 
c 
(. 2 'IlK) ilnlM FLUriR;.ri: OF v \PCI<. lr"vdiG ~ l ... GE K. 
c 
c 3 FlK) /'lOUR FLOIIRUr- OF F ::ED r:: 4 !"t.;'" 1 NG ::) T r\ Gi: K~ 

~ 
c 4 L( 1,,0 
c jl0Lf.R FLOI/r.ATE ~F co,; PO tiL NT 1 liCk VH.G ~T/.;Gc K. 11\ Lr CU!ll. 
c 
c 5 V( I,K) 
c (tOUR FLOWRATC OF COI.PONEr/T 
c .... 

c 6 F(I,K) 
(; dnLfR FLU(IRATE CF C!JtIPOI'1I:NT 1 UHfR Ii'lG 51 AGE K IN FEl:D. 
... 
c 7 .«I,K) 

C ;';fJL F. FRi\CT I 1l!1 uF CLJIP aN~ll r I II- LILlLIO Lt;AV!NG SHG EK. 
i. 

C 3 Y(I,K) 
r ... .'1 III ;: FR~CTl all JF COVI' GI'lFf'lT I ! I. V t,P CK LEAVINti SHGi.: K. 
C 
C 9. ZlI,K) 
C tWLF FR,\CTl Otl UF curp OI'iENT T H. f FE: e t;NldUNG STAGE K. 

.. -----------------.. '-.....~-------
C .1. 11 tiU;\) l;~lTH~LPY (J/hCLl OF LII.IU1C LI:AVING STAGF 1<. 
C 
C 11 HV(K) E:'lTHALPY lJli-tCLl OF VAPtJl<. Lf;:.VHIG STAGE K. 
C 
C .2 tiFIK) ENTHALPY (J/riGLl (iF FEt:O frHt.RlrjG STAGi: K .. 
C 
C U L"'liLlK) 
C cNTH"L?Y FLUIj~;.-rl: (J/Tli'!:) CF Llt..lJlC Lf\V!r;G SlAGE K. 
C 
~ .4 ".hV(K) 
C t.'IT.H.i.Ll::',LELQ~l~Atf: lJ/!1j~tl. (f Vi?OK .L£AVING s.H.rl: .1\ ... 
C 
C L 5 F * HF (" ) 
C ~NTHALPY FLOH~~Tl (J/TIPL) GF ~F~O FNT~RING STACE: K. 
C 
C .6 t«I,K) 
C K-VALUE OF CO~PO~FNT I C~ S1~GL K.. 
C 
C 1.7 T(K) TFliPERATUKl: (K) UN STAGE K. 
C 
C .1.9 LS{K) AnLA~ FlO~R\Tr OF LIwUIO S{D~5T~thh LEAV1NG STAGE K. 
C L$IK) : ~Ll~) ~ L(t<) 
C 
C ..:~) '1S(K) III1L\R FUH~.ATf: 'IF v~?GR ~lLJr-~TKl.', L[~Vl"'G ST/\!,[; K. 
C vS(.() :z 5'1(:0 + V(K) 
C 
C d SUr<.) FP,\CTILltl OF UK) HlTliDk~,IN /oS LTuUID SIOt:STRU.h. 
C 
C a SV(K) FRt,CTlUU LlF V{K) !-I.iTHCf.."~jN .0\::; VAI'CR SIOESTkEt.fI. 
C 
c. 
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C 
C.~~.) •• ¥+ •••••• ~.~*.~* •• *Y~~~~~~~.*¥.¥~.)~4't •••• ¥~.* •• ~~'*.fY •• 4~ •••• ~.·~.'* .. 
C 
C CERDA - SHURTCuT HULTIC(i.,PON~NT iH~TlLL·lTU" (NCtl-t.CJ.6.CEttT KE:YS) 
C 
C*.*.~.*.t'~ •• ~*' •• * •• ~~'4Y •• )*'.*Y.Y'Y~4*~ ••• ~by.,~"¥.y~ ••• *.* •• ¥ •••••• t~*+*.* 
C C~KDA USeS THF Srl8RTCUT TFCHMTuULS CEVllUP~O 8Y CERDA HNU ~ESTl~urRG. 
C kESULTS OF THE SHORTCUT C'LCULATION CA~ ti~ PASS=O TO COLeST, hhICH ESTl~ATlS 
C lric SIZE MIC CI]ST OF ThE· CULU·~rl. 
C 
C INtlUT P4RMiETERS 
C 
C SYrltlOL 
C 
C 
C f 
~ 

c 
C xF(J) 
C 
(; LKt:Y 
C 
C 
t. HKtY 
l: 
C 
C 
C 
C 
C FTL 

C FBH 
c 
C T 
c 

Of:SCRIHIOtl 

FlCJ:IKA1E OF FFf.O, "OL/iIt.f. 1'1,) 

IF CUST 15 iWN-li:.RQ, F SHOULO h,o.vF 'ThE CI.tTS L\UL/SQ 

iWIIBl:R OF THE L JGHT K::Y CCiiPuNU..r.. COliPLf',c:NTS tAOPi:. VOL1.TILF THbl 'THe 
LIGHT KEt AR~ ~5SU~Eu TO FXIr 1" TH~ DlS'TILL~TL PROCUCT. 

'ttU,1B!:R OF ThE Hc;.VY KEt COnPLlhLN1.. CGliFGNI:NTS U:SS VOLATILE HiA,.. lHi:: 
HEAVY KEY A~E ASSUIl!:LJ ro ExIT IN THE [j(jTTO/i Pf<GCUCT. 

-OrSTrdtJUTIO'/ uF CQ,,,PO"'diTS CF 1,~1~R;':I:CIHE VCLIOTlLlTY IS ESTI~1~TED 
~ITH H~NGST~B~CK'S Q~THOU~ 

FR~CTION OF LIGHT K~Y ~fCC~FK~G ,~ Th~ TUP PKCDUCT~ 

FRACTIUN OF H~~vt K~Y kECC~~~~U l~ ThE dUTTOH PFUCUCTa 

TEnPt:Ri,TURE J.T ~!HICh Tu [Sfn-,nE R&::LATlVt: VOLATILITY, K. 3 ft ;.; 

C P PRESSUkE AT ~flCH TO ~STl~ATl ~~LArlvE VULATILITY, dhK. 1 
C AN TSOTHI::R?lAL FL:.Sh 1<; Pl:R~C;':'lttJ .H 1, P, XF(I) 10 CCTUU.ItIE K(Il. 
C ~~t ALSO COST. 

1 

U=~ --> FE~C IS SATUkATE0 V'POR. 
u=l --> FE~D IS ~ftTU~ATEU LI~UIC. 

--.- --. -.-- ----- -- --------. - - - --- -- - -. -
C RF,.C FACTOR BY IIHICH THl hItdi\U~1 KEFLU)< R.:.TlO RTHH IS I1ULTlPLlI:(l TU GIVE 
c 
c 

THE ACTUAL RlFLUX RATIU, RT, 1.2 

(; COST IF 'ION-ZERO, Rt;')UlTS OF Tt-t: ~HuRTCuT C~LCULAT IO~j ARE P;'SSFD TO 
C cnleST. () SEt: Or-LO;, .. 

. -----:..- ---_._-----_._._---
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v 

-

'"'v'~--------------

(. u U T P IJ T P.A R A~ c T t: R S 
C 
C SVftBOL DFSCRIPTLGN 
C 
C 
C 
C liT 
C 
C 1'18 

NUtl Bi:R OF TRI"\ YS 

tlUiI BE R OF TRAYS 

iN TO P OF {.f1LUI.N. 

! II dOTfO,i uF C l.:LlJ !'n • 

c u 
c 

i1nU~R FLO .nLHr: OF UTSTlLLhfF Ff.-ilDlCT, I.CLIlUE. 

C ti 
C 
c 
(. 

l. 
C 
C 
C 
C kt3rll Ii 
C 

j~OL \K FLU .1 i< .\ r ;; ;-Jf u.)T Tu:l 

R r- FLU X' R. j, TI U. L r :: RHO 

MrNTMU~ REFLuX R~TIO. RT 

:'1 JrlI/ILJri REbLllL r~~Tit1. 

Pt--ilCUCT, (, C LIT T I. '" • f .. 0 + 

C LT PITi=RNAL L!JUIlJ FLU~iKATE !rj Ter>., LJF CGLUri"j, ~uLI Tl~t. 

C 
l. vT INTf-RII:.L '1I,PUR FLfJ.;.h.rl: II-; TcP OF CCLLi,,.,, r.OLITI"'t~ 

C 

b 

C La l'/Tt=RNAL LI<Juiu FLu'IR41E Id LD1TIH' OF COlUM/' hOllTlh[-. 
C 
C 
C 
C )(O(I) "" hOLE F"ACTlOt. UF Cl);JPONI=NT ! It .. DISTlLUrr: PHOUC1. 
C 
C xS(I) HOLE FRACTIUh uF CU~POh[NT J T~ HcrTO~ P~OOUCT. 
C 
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C 
C 

xIlI) SPLIT FRt,CTIOt>/ ; FIL\CTlOi/ LlF Cu!:PC~.::r...T I P.I:.COvE:RCC IN DISTlllECH:' 
PRUDUCT. 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
(. 

C 
C 
C 
C 

;..l(II 

XIllKF,() '" FTL 
XI(HKEY) .. , - r-~H 

1\11) K-V.\LUE. LSTiL~.T:LJ bY I$OIH[i./j,.'.L FL ... 5H EV~\lU~TEO AT T, p, AND 
C n;\ PO S 1T I 0 Jj u F F t: r J x F. 
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e ' 147 
e SIZING AND COSTING OY C8LC~T 

C . 
c.·*4 ••••• q~ •• **.*$ ••• ¥O.l~~.~~ ••••• +6¥*+ ••• ~4 •••• +~.** •••• *.~.* ••••••••••••• * •• 
C ~rl~~ CUST IS SET NON-LERO, C~R0A EST1~~TlS S~V~R~L OF T~E l~PUT PAkAnFTEkS 
C FOR COLCST \NO THEN CALLS lH"T pf....OCrOljf;;:. ((JLC'iT AILL !h.wUf;ST THf Ru~~rNlt\G 
.c l.NEU.TS AND THErL2STI1LATF. THE SiLt: ;.~O CQ!>1 CF_ IHL .. DIST!LLAT.IGN .. C.uLUl'iiL _THe. 
e FOLLOWING PAkAi1ETERS ,'IRE Tr-;.,4/.SFEkRl:;D TU COLCST FROIi CEH/: 
C 
eLI (lUI 0 FLOWRATE, VAPOR FLn~RAT~ 

C THE I rlTEiUi,\L itU LAR FLOilR;. Tt S IN THi: BOTT(Jfi OF THe COLUMN, LB 
C AND va, ARE USED TU ~STThhrE ThrS; PARh~E1[RS. THl INPUT 
C 
G 
C 
G 
C 

PARMiETEK F .("ULAR FLCi/P ... T1: JF TH~ Ff:F[j) IS ~SSUl'lfO TO HAVE TH(; 
UNITS ilOLJS. dOTH STRcAt,S \RE .'SSu·~l:.C TO HAVE THE COl<paSJTI(j~ 
OF THE dOnOI'! PRODuCT, X(j, II, GRDFR 10 ESTIriATC Tht: ....... c"AGE 
110LECULAK lit 1 GHTS. ' c 

C L.I tJtJl 0 
C 

DENSITY IS EVALL/\TED .\T THe TFr.F.::Ri.TURE, T, US!:C BY CEROt. TO FSTlrlJ.TE 

C 
C 

RELATIVE VOL/.TlLlTlF.S.1ht: "OLE FkACTlOr-. AVEI'hG!: lJF THE PUP,l­
CO'~PONt:tH 017NSITlE5 IS Pi,SHU 10 COLCST., THE RACKETT !:tJUATtON 
IS US~D TO ~STl~AT!: T~l PU~E-C~~POhrNT Ol~SrTI~S. 

C 
C 
C 

VAllOt{ DENSITY IS EVALLATED FkO~ 1~~ PE~F~Cl G~S LA~ AT THE VALUES UF THF 
PARA.tETH.S Tl:.~:p::R.nU~[, T, f.ND PI<~SSlJIH_, p, A~D COt,POSITICN XB. 

c 
C NU,'\lJcR OF TRAYS IS THE SU'~ OF THl:: uL1PuT ?f.f,,;:lTLRS I;T ~ Nd. 
C 
C PRl::SSURF. IS THE II/PUT ?AR;.:I;:;T':R P .. 
C 
C 
C*¥*.~··~t ••• **.*t¥*~.* •• *~~*.~~~ ••• *+ •• ¥ •••• * •••• , •• ~ •••••••••••••••••••••••••• 
C 
C COLCS-T - SIZe AHO COS T OF COLUII~ 

C 
c* •••• ¥ •••• * •• **.* •• * •• *q.¥ •• 6* ••• ¥ •• J ••••• ~ ••• ~ •• ~.* .. *~*+ ••••• ¥~.*.*.4 ••• *.*.* 
C cnLCST !:=ST!1t:\TES SlLES AND CUSTS FuR " V~RTICAL SfCTlOI'c OF A COLU/fN ,dTH 
C TRMS. THE ~IlII~G IS b~S("[) lIN THF, FUh.iOlIIG ChARACTEt<ISTlCS OF THF COLUIoIN ; 
C GUTHRIE'S tlOUULE ?:k:ThOD IS u;;m 10 E~Tl",.T[ CO!llS. 
C 
C FLUQUTNG BEHAVIOR IS ESTl~~T~D FkOn TH~ COkR~LAT10N OF FhIR, AS ~FPORT~O BY 
C TRt:YB4L I~~ FUlJ.\TIONS ool !.rHJ 6.2 .. A GldPH OF 11-1S FtJUATlON APPEARS IN PERl\Y'S, 
C FI~~R~ lu-10 , PAGE 18-0. cnLCST USES FJiR'S CUR~ELATru~ TU ESTlhATE THE 
C uIAiUtR OF THt: COLUr\!4 4 THE CURk!=UIIO,,- Ri:.<;uI~::S THE: FCLLO~dNC INFORt'ATlON: 
C 
c 
c 
c 
C 
C 
C 
C 
C 
C 
C 
C 

- LIQUIU FLUWRATE, GIS 
- ~A?UR FLOIiRATb GIS 

- LI~UTD O~NSITY, G/~ 
3 

~APaR n~N~!TY, G/ri 
- TRAY SP.~CHIG, /I 

J 

- ~CTlVE PL:.TE Af-U i\~ F~:\crrt.l~ OF COLUI,N Cf\IJSS-SECTIO/\ 
- SURF"CF Tf:tISION OF LluUIP, !U/. 
- ilPt:RATItIG SUPERF ICIAL Vc.:LUCi TV 1,5 FR\CTI Cj~ OF FLnODHG VELOCITY 

CrABLE 113-1 Itl PERRY'S HA.'IDdOO'< PRovIlH"S I.:STTilHES FIlR HE ACTIVE PLATE ARFA 
C FO/<. SEvEk.\L TYPES UF TidY j7.'1. OF A TYPICt.L TRAY IS AVAILABLE FOk vAPOR FLuW. 
e 
c GUTdKli:'S METHOD USES 11-/: J.NFCR.;,..T1(1I L I~TEC BlLOW TU UTIhAlE COSTS. A 
C DISENGAGING SPACE UF b ilT~RS IS fO~~O TU TI-2 HF!GHT OF ThE TR~Y STACK TO 
C UBTAIN THE HEIGHT OF THE COLU~N. 
c 
c - ~U%FR OF TRAYS 
l. - ')PE~ATItlG PKESSURc, 3 .. R 
C - CULU~N COrl fiTRucrrUII 
C - COlUI'N fI AT t:R Is.L 
C .. TRAY "ATFR TAL 
C - TRAY TYPE 
C - CHE~ICAL UlGII.EER1NG PLMH COST IrJOLX 
~-,- .. 
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_-1: ... -----.--.-- -----.. ---.--- "-'-- --- -

- C HEX - SH~LL-ANO-TUeE H2~T ~XCH~~GF~ CALCUL~11CNN 
C 
C··*··*······*~*·**·-~·*·t¥*9* ••••• 4 •• ~~¥.~~~ .. ~.*.t*O.* •••• ¥~*.~.*.~ .• *~*+ •• *.* 
C 
c HEX j) AI{ A:i ETER 5 
C 
C INPUT PARArlFHKS 
C 
C SYhBOL o FS CR 1 P Tl [)r~ 
C 
C 
C THl HOT STRlArl INLET T~~p[K~rU~[, K 
C 
C THl HOT STRc:Ati OUTLET TtI~P ~K"TUKr', K 
C 
C TCl COLO STREAH l~LFT TE~PERS1UKr, K 
C 
C TC2 
C 
C H NUfl3ER OF SHeLL pr.S'5eS 
C 
C ria , . 
c 
c hOO OUTSIDE JhERnAL R(SIST~~CE OF SCALL Or;POSITS, ~ / ~**2-K 
C 
C HOl INSIDE TH[R~AL R[SISTANCf nF SC~L~ DEPCSITS, h / ~**2-K 
C 
C til INSIDt: RESIST,:..r;cc:, ij I 11*47-;< 
C 
C IJI TUBF. It,SIOl:: DIAII::TLR, :','( 
C 
C 00 TUBr: OUTSIDE CIAtlfTF.R, '1.1 
C 
C !>L STANDARD TUd~ LE~GHT, ~ 
C 
C NTP' NUhS~R 0 TUH~ PASS~S 
C 
c PI PITCH, :i11 
C 
C ti BAFFLE SPACING, h~ 
(. 

C Y CLEARANCE, rill 
C 
C lJF. 
C 
C nCO'1j) "ASS FLOW RArE OF FLUID, KG/~ 
C 
C t<.H THl:RiiAL COIWUCT 1/1 TV UF HOT 'iTr.L,~ri, ~ / r:-K 
C 
C KC THtRHAL CONDUCTV!TY OF CULD SH.rArt, Ii I jl-K 
C 
C VISH vISCOSITY UF HOT STR~A~, ClNTIPOISE 
C 
C vISC vISCOSITY O~ COLO ~TREA~, C~~TIPOISE 
C 
C TEU vTSCOSlTY COi-lSTITUTIGt-.~L CiJNSTANl 
".--.- .--.- .. 



--
v 

C FLAG 
c 
c 
c 
C LPS 
C 
C 5 riCH 
C 
C 
C 
t; S .4C';l 
C 
C 
C 

c 
c 
c 
c 
C CPL 
c 
c 

OFT~RrIN~S Th~ HOT FLUID 
FLAG='''I--) C.Jr,pul',l:Nl.!. IS ThF huT FLULD 
FLAG-l--) Ca~PO~iNT L 15 THE HGT FLLID 

TnLFRMICE 

DfTFRraNE:i Tile SH,:LL 510t; FLuILJ 
SiCH.~--) HOT FLUID iN THr 5H~LL 
S~CH·l--) HOT FLuTU IN THF TU~t_ 

SELECTS PITCH "R~~~G~HlNl 
S~CH1·U--) TRI~NGULAR PITCh 
S~CH1-1--> 5~UAQt PITCH 

OECID~S ~hGThER TUBE CUR~FCTIQ~ 15 NEC~SS'RY 

SWCHl-j--) TUBE H6LL CORR~CT10N IS ~OT ~~QUIRfD 
5'/CHZ-l--) TUBE: \:ALL CUkkFCTlOtt IS ?l:..RFO:HO 

HEAT CAPACITt UF LieUID, J I ~GL-K 

C UUTPUT PA~A~tJERS 

C 
C SYH80L DESCRIPTION 
\, 

C 
C UO 
C 
C A 

C 
C L TOT6L LENGHT UF TUBES, H 
C 
C IH NUI"i AER OF TUBES 
C 
C iiI 
C 
I,; riO UlJT'iIOt: ;{ESI5TA~C~, ,! I Iih2-K 
C 
C Til TUBE W:.LL TEidE: PI, Tu1.(E:, K 
C . 
l. F CORRECTION FhCTCk 
C 
C clno 
C 
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I 
j 
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v 
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I.. 

C EXT - MULTICQ~PON~NT L1UUIU-Llu~lD ExTRACTION CALCULATICh 
C 
C*¥*·······*···*·*·*··~*,*·*··¥·**~·y*··~*···*·*···?·* ••••••.•••.• +* ••••••••••• * 
C 
C ~XT PAR4hETEKS 

~ lNPUT ~ND OUTPUT P~RA~~TlRS 

C 
C SYMBOL UFSCR.I?TIO!~ 

C 
C 
C 
C bALLPR 
C 
C lIMINe 
c 
C Hl 
C 
C HZ 
L; 

C 1'1 
C 
C U 
.'. 
w 

(. SR\:ST 
c . 

_C StWRfL 
C 
C 
C 
C SAcrc 
C 
C 
C 
(.; 
C 
c 
C 
C.TOL 
C 
l; COMPS 
C 
C COI1PN 
C 
(. STARS 

P'\R.4~ETf:R OF TIi~ B;..LL INTFGRATlOtI FCR"ULA 

TIME INCR1l1HIT 

HEAVY-PHASE Hr.LD-UP OF ST~G~S 

LIGHT-PHASE hOLD-UP UF STAGFS 

NUll 8 E R 0 F THE OK Ell CAL S TAG £: S 

ITS VALUE IS ~LnAYS lf~n 

DETE?.l-iWt;S tlO Rh.-\Ll ZAT ION _ _ 
SNOR"~l--> NUR~~LIZ.TION IS ?FkFORHEu 
s~aR"·~--) NU~h~LIZATION IS NOT KEULIR~O 

SfL~CTS hETHOCS TO CALCULATE ACTI~ITY COcFFTCI[hT 
SACTC~-l--> 3-5UFFIX :~ARGULES 
SlCTC~ n--> UU1F~C 
·SACTC .. 1--> I~RTL 

O~CJDES TO PKINT ITERATIO~S 
S'IRTT"'l--> PRIliTS ITlRATlnliS 
SWRIT-J--) PRINTS RESULTS O~LY 

TOL(;RANCE 

COrlPONENT ABSRIVIATIONS 

COl1PONENT NAMES 

P RI NTS ST·\RS 
.-"'\ r ______ -.- ... 



:-
1.1 

v 

!'-' 

I -

/ C 
C Xl 
c 
C f-l 
C 
C Xl 
C 
C F2 
C 
C XF 
C 
C FF 
C 
C )F.l. 

~ SF2 
C 
CAVAL 
C 
C TEMP 
C 
C StlRTL 
C 
C 
C CC 
C 
C CT 
C 
C ~LPC ... 
C 
C t.LPT 
C 
C LG 
C 
C "Lfl 

CI1.IPUNI:NT 1I0LF FR"CTlOI~ 11'4 H~"vY-PHAS!: 

COhPONENT ilOLE FRI!CTlON IN LlGhT-PHAS~ 

LIGHT-PHASE FL~H RATE, ~~OL/ H 

COt1POl\ENT IiOLF FRACnOtI 1/\ FL!=O 

FFEO FLO~ RATE, ~~UL/ H 

LTGHT-PH~SE SI0F STR~Ah FLOh RATE, K~CL/ H 

OPtPATION TEhPE~ATUR~, K 

LF SNRTL=l--> OJNA~Y INTtRACTru~ P~R~~tT~RS '~F 
CALCULATED FO~ THE STATFO TFhPER~TuP~ 

NRTL BINARY INTF~ACTI0N PAKf~F1ER 

NRTL bINARY II\TERACllGN PAK'~El~R 

NHL BIH;..RY UIlFRf.CTlON PARbr.ETER 

NRTL !Htlr.RY 1~HF.RACT10H PM(fq-.ETfR 

('. 9'18r<.LI~ S. 
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APPENDIX G 
OPERATION MANUAL FOR DESPAC2 



APPENDIXG 

Operation Manual for DESPAC2 

Fulfilling the requirements of CDC Cyber 170/815 to execute 

DESPAC2, the following procedure must be followed: . 

a) The general command to execute the program is 

/LGO, INPUT, OUTPUT, USCR, UFIL 

b) Instead of UFIL, the library file that contains the thermo­

physical properties of components, (e.g. PUBDAT, VLE, etc.) 

must be written. 

/LGO, INPUT, OUTPUT, USCR, PUBDAT 

c) If the user would like to enter parameters interactively 

step (b) is sufficient. 
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d) Another method is to prepare an INPUT data file (e.g. ORNEK) 

as shown in the following pages. In this way the user prepares 

the INPUT data in their correct sequence, which simplifies the 

entry of the data. 

/LGO, ORNEK, OUTPUT, USCR, PUBDAT 
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Step (d) offers the advantage of easy change of parameters. 

For repeated and enormous data requirement, this type of data 

file is beneficial. 

e) To obtain a hard copy of results, the user has to give 'a 

certain name instead of OUTPUT (e.g. SONUC). 

For step (b) type of operation, messages will not be seen on 

the screen: only question marks will be observed. Therefore, 

values that must be entered, have to be remembered in the 

correct sequence, and supplied after each question mark appears. 

/LGO, INPUT, SONUC, USCR, PUBDAT 

f) For step (d) type of running, it is very easy to obtain a hard 

copy. The user just writes 

/LGO, ORNEK, SONUC, USCR, PUBDAT 

Following commands are the same for (e) and (f) to print the 

results: 

/RWF 

/COPYSBF, SONUC, LL 

/RWF 

/ROUTE, LL, DC=PR 

In the following pages computer output and the corresponding 

INPUT data file (ORNEK) are presented for ACTFIT routine in order to 

clarify the supply of the input data. For step (b) type of operation, 

the user has to enter the parameters interactively due to the sequence 



shown in ORNEK. For step (d) type of operation, ORNEK is directly 

supplied as explained before •. 

The user has to remember the followings to operate DESPAC2: 

Library file for ACTFIT routine is VLE. 
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Library file for all other modelling routines is PUBDAT. 



EXAMPLE RUN: ACTFIT Routine 



-
\of 

I '-

.. _._----
DE SP AC S.E (6-AP R- 81 ) 

P ROC ED U RES: 
1.1( VA LU E 7.SHTCUT 11.RETREV 17.HfLP 
2.ENTHALFY E. CO LU /'It. 12.SYSTEM 18.STOP 
3.P HASE 9. CERDA 13.DEfINE 19.TII'IE 
4.FLASH 1C.COLCST 14.STORE 
5.ABSEI)M 21.HEJ( 15 .ACT FI T 
6.I'ICCABE 22.EXT 

SELECT PROCEDURE: 

RETREV - ~ETRIEVE PHYSICAL CONSTANTS FRO~ DISK FIL£S 

EhTER NAME OF FILE (RtTURN FOR PUBLIC DATA): 
tDATA WILL BE RETRIEvED FRC~ FILE VLt 

RETRIEVE ALL COl'\PO~ENTS FROM FILE? (y OR N): 

~APlE COMPCNENT TC SE RETRIEVEO (RlTURN TO END): 
i'COI1PONENT 1 IS ACETONE 

NAP'!E CO!1PCNENT TC eE RETRIEVED (RETURN TO END): 
i'COMPONENT 2 IS ETHANOL 

kAPlE CO.,.PCNENT TO SE REHIEVED (RETURN TO END): 
LIBRARY IS REDEFINED. SYSTE!'I IS UNDEFINED. 

17.HELP 
18.STOP 

AN 0 DATl 

P R OC E 0 U RES: 
1.KVALUE 
i.E NTHALPY 
3.PHASE 
4~FLASH 
5.ASSEDM 
6~"'CCABE 

7.SHTCUT 
B.COLU!1N 
'i.CERDA 

11.RETREV 
12.SYSTEI'! 
13.DEFINE 
1.4.STORE 
15.ACTFIT 

19.T1ME AND DATE 
1C.COLCST 
21. HE X 
22. EXT 

SHECT PRCCEDURE: 

SYSTEM - DEFINE COf!PONENTS IN SYSTEM 

MODELS FOJ( VAPOR ENTHALPY HV: 
1. IDEAL SOLUTION OF PERFECT GASes. 
2. RESIDUAL ENTHALPY FROM VIRIAL EQUATION OF STATE. 
3. RESICUAL ENTHALPY FRCM REDLICH-KWONG EQUATION. 

MODELS FOf; LIQUID ENTHALPY HL: 
1. IDEAL SOLUTION OF SATURATED LIQUIDS. 
2. IDEAL SOLUTION "ITH PRESSURE CORRECTION. 
3. EXCESS ENTHALPY FRCI'! WILSOh EQUATION. 
4. RESIDUAL EhTHALPY FRCM REDLICH-KWONG EQUATION. 

,.ODELS FCR VLE CALCULATIONS: 
1. LIQUID: WILSON ACTlvITY;VAPCR: VIRIAL EQN OF STATE. 
Z. PRAUSNITZ-CHUEH VERSION OF REDLICH-KwONG EQUATION. 
3. LIQUID: IDEAL SOLUTICN, ANTOl~E EQUATION; 

VAPOR: DALTON'S LAW. 

SELECT MODELS FOil HV,HL,VLE ( SLANK THEN RETURN FOR 111>: 

-.. - _.--
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ENTER MINIMUM CRITICAL TE,.PERATURE OF CONDENSABLES.8LAHK THEN RETURN FOR 200 1(: 

SELECT CO,.PONENTS <0 FOR HELP): 

SELECTEO COMPONENTS: 
',-1. ACE TeNE 

2. ETHAflOL 



.... 

'-

\..-

\.. 

'-

\.. 

'-, 

~APOR ENThALPY: IOEAL SCLUTIO~ OF Pt:RFECT GASES. 
LIQUID ENTH .... LPY: IOUL SOLUTION OF SATURATED LIQUIDS. 
K-VALlJES: .nSOr-i, AliOUSOh, AND vHHL eIolUATIONS. 

COt(OENSASLES: 1 2 
PHYSICAL THEORY fOR vAPCR-PHASE NON-IDEALITY. 

PROCEDURES: 
1.KVALUE 
2.E NTHA LPY 
3.PHASE 
4.fLASrt 
5.A6SEOP'o 
6.~CCAaE 

7. SHTCLIT 
8. CO LUI'1N 
9. CeRDA 

1C.COLCST 
21. HE x 
22.E)(T 

SELE CT P R CCE DU RE : 

11.RETR(V 
12.SYSTEJII 
13.DEfINE 
14.STORE 
15 .ACH1 T 

17.HELP 
18.STOP 
19.T1!'1E AND DATE 

158 

ACTfiT - FIT PARA~ETERS FOR ESTI~ATING ACTIVITIES TO BINARY VLE DATA 

ONE ~AY ESTIMATE ACTIVITY COEFfICIENTS FRO~ 
1. T-P-X DATA. 
2. T-P-X-Y DATA. 
3. HENRY'S CONSTANTS. 

SELE CT THE A PP LI CA SL E CA S E: 
TOTAL PRESSURES OR PARTIAL PRESSURES? (T OR P): 

ACTIVITY COEFfICIEIHS ~ILL BE CORRELATED TO 
T-P- X-V HTIt 

.. FOR THE EINARY SY STEI': 
1~ ACETOflE 
2~ ETHANCL 

IDE~TlfY THE KEY CO~PONENT (1 OR 2): 

*ENTRY Of EXPERIPfENTAL OATA* 
X" ARE ~OLE fRACTIONS Cf COKPONENT1. 
P IS TOTAL PRESSURE. 

1.E~TER 2.READ 3.DELETE 4.S0RT 5.REVIEW 6.STORE 7.DONE a.HELP 
ENTER fIXED TE~PERATURE, PRESSURE, OR NEITHER <TO,PO i ) 

.. : 
ENTE R EXPERB£NTAL DATA. (RETURN 'TO END) 

1 • T,).,Y: 
2~ T , X, Y : 
3. T,X,Y: 
4. T,X,Y: 
5~ T,X,Y: 
6. T,X,Y: 
7-. T,lI,Y: 
8. T , X, Y : 

9" T, X, Y : 
10. T, X" : 

1.ENTER 2.REAO 3~DELETE 4.S0RT 5.REVIEW 6.STORE 7.DONE a.HELP 
N LLA1412 lLAM21 
1 
2 
3 
4 
5 
6 

O. 
1 c.OOO!) 
1 c.oooo 
94.6080 
210.594 
1:36.412 

o. 
o. 
10.0000 
111!.763 
44.2025 
104.279 

ACTfIT RESULTS fOR THE BIhAR' SYSTEM 
1. ACfTO 
2. ETHANOL 

RfI\5 ERROR 
:290584 
.279180 
.264553 
~545387E-01 
.526509£-01 
.498295£-01 
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\,,; 

FIT TE 0 P,lRAMETEIiS: 
LU~12 = 13~. 41 
LLA!121 = 104.28 

CO!\PARISOH IIIITH EXPERIIHHAL DATA: 

--------------- E )I. F E R I H E N TAL -------------- --e AL CULA TE 0--
K T P X1 v1 G AM!"A 1 GAM~A2 LNG1/G2 GAMMA1 GA~P'A2 

1 343.1 1.013 .CJS800 .17300 1.7355 1.0003 .551 C 1.7988 1.0030 
2 345.2 1.013 ~ 12100 .29700 1.5409 1.(241) .4 G86 1.6379 1.0128 
3 343.1 1.013 .17500 .3760C 1.42&1 1.056C .3018 1.524S 1.u260 
4 339.7 1.013 .27coa .49400 1.3089 1.1269 .1497 1.3611 1.0619 
5 338.2 , .013 ".33900 .55500 1 ~249 7 1.1592 .0752 1.2826 1.CJ911 

6 335. t; 1.CJ13 .44400 .636('0 1.1698 1.2486 -.0652 1.1823 1.1514 
7 333.7 1.013 ~5 acOll .72600 1.0911 1.3767 -~2319 1.0941 1.251C 
8 331.7 1.013 " 73eaD .827GO 1.0417 1.5223 -,,3794 1.C339 1.3972 
9 330.2 1.013 .81500 .91900 1.0204 1.6235 -.4644 1.0071 1.5599 

SAVE RESULTS IN LI8RARY? (y OR N): 
~HOT SAVED. DEFINE ~AY aE USED TO SAVE RESULTS MANUALLY. 

Ii E PE AT E NT R Y 0 FDA lA? ( VCR N): 

PRoe EDUR E S: 
1.1( VALUE 
2.E NTH" LPY 
3.PHASE 
4~FLASH 

5.A as ED'" 
6.MCCABE 

7.SHTCUT 
I!. COLUMN 
9.CERDA 

H. COLe ST 
21. HE x 
22. EXT 

"_ SELE CT P RGCE DU RE : 
PROGRAM IS STOPPED 

"-

"'-

11.RETRE V 
12.SYSTEfil 
13.DEFINE 

" 14.STORE 
15.ACTfI T 

17 .HELP 
18".STOP 
19.T1ME AND DATE 



\ -

11 
V LE 
N 
ACETONE 
ETHAN OL 

12 
111 

00100 Z 
15 
2 
T 
1 
1. 
PO=1. 01325; 

348.1 

7 
H 
N 
18 

345 -.2 
343.1 
339.7 
338 '.2 
335.9 
333.7 
331 .7 
33J .2 

.058 

.121 
,175 
.276 
.339 
.444 
.580 
.736 
~8 75 

Z2,.23.20.UCLP, au, P04 

.173 

.297 

.:!76 

.494 

.555 

.636 

.726 

.f27 
• ~19 

, 
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O.235KLNS. 

(INPUT Data file of ACTFIT for the batch run of the program) = ORNEK 



APPENDIX H 

COMPUTER OUTPUTS AND THE INPUT DATA FILES 

OF EXAMPLES SOLVED BY DESPAC2 



COMPUTER OUTPUTS AND THE INPUT DATA FILES OF SINGLE 

OPERATION UNITS 



\.. 

, '-

DESPAC S.E (6-APR-~1> 

17.HELP 
18.STOP 

P ROC ED U RES: 
1.I(IJALUE 
i.E NTHA LP,( 
3.PHASE 
4.fLASH 
5.ABSED'1 
6~I'1CCABE 

7. SHTCUT 
e. COLU"IN 
9. CERDA 

11.RETREY 
12.S\'STE'" 
13.DEfINE 
14.STORE 
lS.ACTFIT 

19.TII'tE AND DATE 
1 O. COLC ST 
21. HE X 
22. EX T 

SELE CT PRCCEDURE: 

RETREV - RETRIEVE PHYSICAL CONSTANTS fROI'1 DISK fILES 

ENTER N"~E Of FILE (RETURf\ FOR PUBLIC DATA): 
.DAT" WILL SE RETRIEVED fRCM fILE PUSOAT 

RETRIEVE ALL COI'iFONENTS fROM fILE? (Y OR N): 

NAME COMPCNENT TO SE RETRIEVED (RETURN TO END): 
.COPIPONENT 1 IS BEhZENE 

hAME COJllPCNENT TO BE RETRIEVED (RETURN TO END): 
.COMPONENT 2 IS TOLUENE 

NAME COMPCNENT TC BE RETRIEVED (RETURN TO END): 
LI8RARY IS REDEFINED. SYSTEM IS UNDEFINED. 

P ROC ED U RES: 
f~KVALUE 7. SHTCUT 11.RETREY 17.HELP 
2~E NTHALPY 8. COLUMN 12.SYSTE~ la.STOP 
3.P HASE S. CE RD A l3.0EFINE 19.TIPIE 
4.FLASH 1 C. COLC ST 14.STORE 
5.A8SEO'" 21. HE X 15.A CT FIT 
6.II!CCABE 22. EXT 

SELE CT PROCEDURE: 

SYSTEM - DEfINE COMPONENTS IN SYSTEM 

MODELS FOR VAPOR ENTHALPY HV: 
1. IDEAL SOLUTION OF PERFECT GASES. 
2. RESICUAL ENTHALPY FRe" VIRIAL EQUATION OF STATE. 
3. RESIDUAL ENTHALPY FROM REDLICH-KWONG EQUATION. 

MODELS fOf\ LIQUID ENTHALPY HL: 
1. IDEAL SOLUTION OF SATURATED LIQUIOS. 
2. IDEAL SOLUTION WITH PRESSURE CORRECTION. 
3. EXCESS ENTHALPY fRO'" WILSON EQUATION. 
4. RESIDUAL ENTHALPY fRC .. REDLICH-KWONG EQUATION. 

MDE LS F CI' VLE c.AL CULATIOhS: 

AND DATE 

1. LIQUID: WILSON ACTIVITY;VAPOR: VIRIAL EQN OF STATE. 
2. PRAUSNlTZ-CHUEH VERSION Of REOLICH-KWOhG EQU"TIOk~ 
3. LIQUID: IDEAL SOLUTION, ANTOINE EQUATION; 

YAP OR: OA L T ON'S LAW. 

SELECT MODELS FOR HV,HL,VLE ( BLANK THEN RETURN FOR 1 1 1>: 
SELECT COJIPOHENTS (0 Of OR HELP): 

SELECTED COMPONENTS: 
1. BENZENE 

163 

"0 2. TOLUENE 

VAPOR ENTHALPY: IDEAL SOLUTION OF PERFECT GASES. 
LIQUID ENTHALPY: IDEAL SOLUTION OF SATURATED LIQUIDS. 
"-V'LUES: RAOUI..T'S LAW~ 

EXAMPLE 1 - Computer Output of McCabe-Thiele Binary Distillation 
° (MCCABE). 





. ~ 

11 
PUBOA T 
N 
eEt.ZENE 
TOLUE HE 

12 
113 
001002 
6 
RATIO=3.5,ALPHA=2.25,Q=1,ET~=1,XF=.44,XD=.974,F=350,O=153.4; 
N 
18 
22.08.12.UCLP, au, pQ4 , O.160KLNS. 

Input Data File of EXAMPLE 1 . 
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--- ---

..... 

PRCCEDURES: 
1./(VALUE 
2.E kTHALFY 
3.PHASE 
4.FLASH 
5.ASSEDM 
6."! CCAB E 

7.SHTCUT 
B. COLU"IN 
9. CERDA 

1C.COLCST 
21. HE X 
2 2.EX T 

SELECT PRCCEDURE: 

11.RETREV 
12.SYSTE/II. 
13.DEFINE 
14.STORE 
1S.ACTFIT 

17.HFLP 
1B.STOP 
19.TIHE AND DATE. 

RETRE~ - RETRIEVE PHYSICAL CONSTANTS FRO~ DISK FILES 

EhTER NAME OF FILE (RETURN FOR PUBLIC DATA): 
+DATA IoIILL BE RETRIEVED FROl'! FILE PU8DAT 

RETRIEVE ALL COMPONENTS fROI'I fILE? (Y OR N): 

hAME CO~PCNENT TO SE RETRIEVED (RETURN TO EN D> : 
+ COMP CHENT 1 1 S PR OP AN E 

NAME COI'IPCNENT TO eE RETRIEVED (RE TURN TO EN D) : 
tCOI'IPOHENT 2 IS I-SUTANE 

N"'~E COMPONENT Te 2E RETRIEvED (RE TURN TO EN D) : 
+COI'IP ONENT 3 IS N-eUTA~E. 

NAI"E CO"PCNENT TO Sf RETRIEVED (RE TU RN TO EN D) : 
+ COMP ON ENT 4 IS I-PENTANE 

NAME COI'IPChENT TO aE RETRIEvED (RETURN TO EN D) : 
tCOMP ONENT 5 IS N- PE NT AN E 

NAME COMPONENT TO SE RETRIEVED (RETURN TO END): 
L I BR A R Y I S RED E FIN ED. S Y S TE ~ I SUN D E FIN ED. 

PROC EDUR E S: 
l"I(YALUE 
2~ENTHALPY 
3.P HA Sf: 
4.fLASH 
5.ABSEOM 
6.IHCAB E 

7.SHTCUT 
8. COLU/IIN 
9. CERDA 

10.COLeST 
21.HEX 
22. EXT 

SELE CT P ROCE OU RE: 

11.RETREV 
12.SYSTEI'I 
13.DEFINE 
14.STORE 
15.ACTFIT 

17 .HELP 
18.STOP 
19.TI"E AND DATE. 

"- SYSTEK - DEFINE COMPONENTS IN SY~TEM 

MODELS fOR VAPOR ENTHALPY HV: 
~ 1. IDEAL SOLUTIO~ OF PE~FECT GASES. 

',. 

~ RESICUAL ENTHALPY FRC" VIRIAL EQUATION OF STATE. 
3. RESIDUAL EN1H.lLPY fROM REDLICH-KWONG EQUATION. 

MODELS FOR LIQUI D ENTHALPY HL: 
1. IDEAl SOLUTION OF SATURATED LIQUIDS. 
2. IDEAL SOLUTION WITH PRESSURE CORRECTION. 
3. E}(CESS ENTHALFY FROPI WILSON EQUATION. 
4. RESIDUAL ENTHALPY fROM REDLICH-KWONG EQUATION. 

MOnS FOR VL£ CALCULHIOPiS: 
1. LIQUID: WILSON ACTIVITY;VAPOR: VIRIAL EQN Of STATE. 
2. PRAUSNI1Z-CHUEH vERSION OF REDLICH-KWONG EQUATION. 
3. LIQUID: IDEAL SOLUTICN, ANTOINE EQUATION; 

VAPOR: DALTON'S LAW. 

SELECT MODELS fOR HV,HL,VLE ( BLANK THEN RETURN FOR 1 1 1>: 
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EXAHPLE 2 - Computer Output of Shortcut Multicomponent Distillation 
(SHTCUT) 



--

---------.,---------------------'-------------
SELe: CT C ° 1'. Po NU.T S (U F OR HELP): 

SELECTED CO~PONEHS: 
1. PROPANE 
2. I-BUTANE 
3. N-BUTANE 
4. I-P EtlTANE 
5. N-PENTAHE 

VAPOR ENTHALPY: IDEAL SOLUTION OF PERFECT GASES. 
LIQUID ENTHALPY: IDEAL SOLUTION OF SATURATED LIQUIDS. 
K-VALUES: RAOULT'S LAW. 

7. SH TC UT 
~. COLUMN 

17.HELP 
18.STOP 
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PROCEDURES: 
1.( VALUE 
t.ENTHALPY 
3.P HASE 9. CERDA 

11.RETREV 
12.SYSTEM 
13.DEFINE 
14.STORE 
15.ACTfIT 

19.TIM AND DAlf. 
4.F LASH 
5.ABSEDH 
6."'CCABE 

10. CO LC ST 
21.HEX 
22. EX T 

SELECT PROCEDURE: 

SHTCUT - SHORTCUT ~ULTICOMPONENT DISTILLATION 

NE~ COLUHh? CY OR N): 

f'lETHOOS FeR FINDING REFLUX RATIO 
1. FUNCTION OF V~AX 

2, SPECIfIED OIRECTLY 
3. fUNCTION Of RHIN 

SELE CT ME1HOD: 

REL~TIVE VOLATILITIES 8Y FLSHTP? (Y OR N): 

ENTER INPUT PARAP!ETERS C f ,LKEY,Q,XF, 

+T,P, 
+FTL, 
+ fBH; ) 

+: 
... : . 

+: 
+: 
+: 

SHTC UT I NPUT PAR All! ET ER S 
LKEY = 3 - N-BUTANE 

Q = 1~000 
+ VfMA.X = 1.750 

T = 358.000 P - . 

fTL = ~980 
+ Fa H = .840 

SHTC UT RESULTS 
fTL = ,.9800 SHIH = 
fTR = 3.37 R = 

SO = 10.31 RMIN = 

I COP!POhENT XF (1) ,- PROPANE .0500 
2! I-8U lANE .15(0 

8.271 

7.19 
2~5605 

.8770 

XD (I) 

.1017 

.3042 

0 = 
8 = 
F = 

xe <I) 
;0000 
~QOO9 

49 ~150 
50~850 
100.00 

AU I) 
6.3826 
2.8117 

_3..1. H-BUTANE __ ~2590_ __ ... 49~5_. _._~OO9& __ 2.1636 
.2000 • 0651 .3304 . 1.0000 4. I-PENTANE 

5'. H-PE NTAN E .35eO ~a30S .6589 .81739 

Xl <l) 
1.000 
.9969 
.9800 
,,1600 
'.4276£-01 



\... 

'-

RfPE AT? (y OR N): 

P ROC ED U RES: 
1.I(VALUE 
2.E .. THALPY 
3.P HASE 
4.FLASH 
5.ABSEDM 
6.~CCABE 

7.SHTClIT 
8.COLU'1N 
<i.CERDA 

1 C. COLCST 
21. HE X 
22. EX T 

SELECT PROCEDURE: 
PROGRAM IS STOFPED 

11.I<ETREIJ 
12.SYSTEfI! 
13.0 EF IN E 
14.STORE 
15 .... CTfIT 

17.HELP 
18.STOP 
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19.T1P!E ... ND DATE 



-

, .. 

11 
PUBOIlT 
N 
PROPII NE 
I-BUTANE 
Ie-BUT ANE 
I-PEN TANE 
N-PE~ lANE 

1 Z 
113 
001002003 OC40 05 
7 
Y 
1 
Y 
F = 1 00 , L KEY = 3, Q = 1 , X F = 0 .0 5, 0 • 1 5 , 0 ~ 2 5, O. 20 ,0 • 3 5, 
VFP\AX=1~75, 
T=358,P=3.'71, 
FTL=.98, . 
FBH=O.84i 
Ie 
18 
Z2.08.S4.UCLP, 8U, P04 , 0.208KLNS. 

INPUT Data File of EXAMPLE 2. 
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-
IV 

DE SP II C 5. ~ (c- A P ~ •• e 1 ) 

PRCCEDURES: 
t'.K VA LU E 
2~EhTHALFY 
3'.PHASE 
4.FLhStl 
S'.A2SEO,.. 
6.1'1 CCA~H 

7. SIiTCUT 
.!.COLU;1N 
S.CEIlO.\ 

1C.COLCST 
21. hE.'( 
2' .. EXT 

11.i\ETl-:Lv 
12.SY5Tf:..'J 
13.CarrlE 
14.$TO;:>[ 
1~.JlCTFlT 

17.H~LF 
18.STOP 
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19.TI'-:.F.: "NC DATE:. 

,V SELECT PRCCEDURE: 

v 

v 

'-, 

REIREV - HThIEV!: PhYS!CJlL COI.ST.1NTS FI(O~ DISK FIL:S 

EtITER tiA/'l[ Of FILE (iH.:TuR~ feR PUuLlC CATA): 
+DATA WILL 9E REHIEV20 Fr.C;~ FIle. PUcC".T 

RETR lEvi: HL CC,...FOIILHS fiiGI'", flU:',? (y CI\ rd: 

PIA I~E CCi'lFCt!EI'tT lC i:E R~TRHIIED «(;f.TURli 10 !:'I; D) : 
+COI"PCNE:.T 1 IS FRCPANr: 

/lAI'£ CC,HCIIOT TC EE ",:TRIE'JCO (.:: TuPN Te ::1>' ~) : 
+ CO!'P OtiEriT 2 IS !-EUTi\.H: 

I-.AI'i: CO~ PCNE /-.T TC EE ~~HIEvr~ CiH':TURN TO tIlO): 
+ CO~P CNEtH 3 IS r.-EUT.t..l'it 

hAfiE CC>lPCNE /-.T TC SI: RnRIZVED (Rt:TU fW TO EN D) : 
+CO"PONEIiT 4 IS I - Ft ti r.u, L 

/I~"E COM C lit. tIT TC =E RHfdEVf.D (iiETU Rr-; TC Ell i» : 
+ C C PIP 0 N Eli T 5 IS II-FE: IHAri E 

/lAME CCrlFo,OT TO ::( ;.:;;TRHvED (RETURN TC HiD): 
~ LI8RARY I~ ~EDEFI~Eu. SYSTE~ IS u~~EFI~ED. 

FRCC EUUR E ~: 
1'.t< VA LIJ E 
i.E NTHAL FY 
3~PHASE 
4~FLA'l1f 
S.,J,8SEO~ 
6."'CCA~E 

7. SH TC UT 
~. CO LU .... H 
S.CERt>A 

1C.COLCST 
21.t1f.~ 
22.r:XT 

5 E LE CT P r; C C to U R E : 

11.RL'Tf([1/ 
12.S'rSl0 
13.DEFINE 
14.STuf:E 
1S.HTFlT 

5YST ~M - CEFII\E COPPCN;;~jjS Hi S'rSTErl 

~OD£LS Fer; V,IoPCR ElITtL\LPY tiV: 
,-. 1. I 0 LA L S C L IJ TI 0 tI C F P £ " FE C T G.\ S [; S • 

17.IELP 
13.S10P 
19.TIHE ~rjD DAlf. 

2. RESIDUAL ENTHIoLPY FRC~ VIRI~L [UU~TIO~ OF STATE. 
3. RESltUhL E~lH.LFY Fr;c~ RCCLICH-KWCNG SOLATION. 

~ 0 DE L S F C f, L I ~ IJ ICE tiT H '\ L P 'r H L : 
1. IDEAL SCLl;TtON CF SJ'TURATa Lluuros. 
2. IDEAL SCLUTIOtl ~ITH Fn~S~URE CCRR~CTIONw 
3. E~CESS EH1~~LFY F~O~ ~IL~Oh LwU~T!O~. 
4. IHSI&I.AL EN1Hn:=y FH'j R£:'ULICH·-j(.;OJ;G EliUATIC~;. 

/-!ODELS Fel< \lL~ ULCULATICf>$: 
1. LIauID: ~!L501\ ~CT1VITY;VAPCk: vIRL_L ~~" OF STfoTE. 
2a PRA~ShI1Z-C~uEH V~~SlCN O·f RCCLICH-K~ahG [~lATICN. 
3. LIut;ID: LDEn SCLIjTJC~, AI-tTCHE i:(;UAT!OTi ; 

VAPOR: DAL1CN'S L~\.J. . 

,-, 

EXA~IPLE 3 - Computer Output of. Shortcut r,tu1ticomponent Distillation 
(CERDA) and the Cost and the Size Estimation Routine 
(COLCST). 
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SELECT ~CCELS F05 hV,hL,vLE ( 2LANK TH£~ RETUk~ FOF 1 1 1>: 
SELECT CCHOIIEhTS (i,; feR r::LP): 

S E L£ C TE 0 C (l r\ F 0 N £: t> T : : 
1. PROFJlIlt: . 
2. 1-:HH"= 
3. N-8UH',E 
4. 1-?OTAIlL 
5. N"PEIIl,I./\t 

V".POR ENTh.-LFY: IDfAL SOLl!TICN Uf PERFr:CT Gi\SES. 
LIQUID EII1HALPY: IDEAL SCLUTIOII CF SATU~)T~D LIQUIDS. 
I<-IIALUES: RACULT'S L.~\·,. 

17.HfLF 
H.SlOF 
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F R CC ED U RES: 
1 .• " lI.nu E 
2.EIITIiALfY 

.3.PHASE 

7. S H TC ur 
E. CO Lu;~r( 
s. Cl ~ ~.\ 

11.R2TIi[V 
12.SYSl[:O 
1.3.0l:fln:: 
14.ST0i1[ 
1~.;.CTFLT 

19.TIH· MID DArt 
. 4 .. flA S.'i 
5.,HSEDfI 
6./',CC",l3E 

Hu CULeST 
21 c IiE,( 
22. !:x T 

SELECT PRCCE.DIJH£: 

CERD'A - J.CERDA SliCRTCUT CISTILL.qION 

T: 
T: 
T: 
T: 
... : 
T: 
T: 
T : 

T: 

CEIIOA RESLLTS 

NT = .~ 
~j e = 2,.0 
F = 1UC.CIJ 
0 = '.7.70 
13 = 52.:!(j 

I COliP OEN T 
1 FRCPHi: 
2 I-eUH~E:. 

3* h-8UHNE 
4- I-F~~H.hE 

5 N-FtflTANe 

T : 35 E • :Jl, C 
F = 2.27C 
(l = 1 • G t..; 
fTL = .S3~G 
f", H = .gQQ 

}(fell XD (l) 

.i.' 5 (ij .1 C4 C 

.1 SCi; .3145 

.25 co .5130 
"2C(:: .(;(;71 
.• 35 (ll .t;Ct"C 

--... 

SF A C = 1.2CGr. 
P.T = 1.2e1C LT = 61.11 
!'Tnt, = 1.(!t75 VT = 1 Ce. F1 
;(8 = c:.u ce'l LiJ = 161.11 
ri5n:.. = '1.1$1357 115 = 1uE.1:1 

;<8 (I ) XI (1) lUI> r. (1) 

~(.; eei ~ 1.CCC::' t~:!o3 3.926 
.tJ CLt 1 ,,('C(;( 2. ;: 12 1.7.30. 
.UC96 .. 9cOl; ::.164 1.331 
.3212 .1(;(.1: 1 .. ell ( .0151 
.6692 .vCCC «817 4 .5['<:8 

~ I 
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.---:' --- ----:------.:..::......--.--...,.~ ..... - ..... ,.!~~--:-.~ .... ----
C CL CST 

t'CCLUI"N CC"SHlJCTIOI'I <1.CUJ 2 .. S0UD): 
TCOLUfilN .>iAHRHtL (1.C.~~dlOti Hi,\::L 2 .. STHtiLFSS !" "t.:L 4.TlTAI\lul'): 
TTRAY .~ATE;;IAL (1.C'I\~OII ~lF.a 2 .. ST.Alr.L':'S .~ .. ;IC" U: 
TTRAY TYPE (1.GlilC,FL·~TE,SH"£ 2 .. TRCUGH,Vnvl ,) .. U8i.:LF.-CAF 4.!<vCh K.'SCfD[): 
tSURFACE TE~SION CF LIUUID, ~/~ <~ATiH ~. 29J ~ = .S~): 
+TRAY SFACl~G, .. : 
tACTlvE PLITt A~~~~)~ FRACTICN OF TOTAL CR0SS SrCTICti (TYr!C~l: .7): 
+C.pE.RH!t:/G ~tJFEi(ftCJAL .. V~LCOT'( FRt,C.nO.~ Of flUCDY:;G. y~LqCITY <iYFICAl: "c-): 
+CURRENT CC5T I~CEX <115 ~ JU:H: ";ee): 

GUTHRIE CCLU~" CCSTII\G 
= = == = = = = = = = = = = = = = = = = = = 

LI~UID fLC~f(.AH, G/!.: .116uLt-I"S LI(;UrD Df~:SllY, GO'u~: .5S2ti. T l.C: 
'JAFOR FlC.I."AH' GIS: 7;:~6. 
SURFACE T£1'I510ti, N/M: .c~r~ 
ACT! vE ARE .. FfOCllCk: .7CCI 
/I U ~El E R II f" lP. A Y 5: ;: 4 .62 
TRAY SPAClI\G, 1': .3COI) 
PRESSURE, 8A~: E.Z7:: 
OIMETER, 14: 1.~55 
HEIGHT, ~ 13.\J~ 

FRESSURE F.ACiOR: 
I'f,TERIAL FAC1GR: 
1I~.Tl-FR:; FACTOR: 
"0 pU L c: f" CT 0 R : 

COST S, 1 n. l C ; 
COLLI'N: 
lRA'yS 
TOTH 

IIi ST ALU 0 
106.tt6 
12 .. 519 

199. He 

fa PEA T C CST!II G? (Y 0 Ii t·j): 

RlPOT? (y 0 Ii fI): 

FROCEDURES: 
1,KVALUI: 
2.EhTHHFY 
3.PH,,"SE 
4'.FLASH 
5.AESEDf4 
6./'1 CCAS E 

7. SHTCUT 
8.COLU~.N 

S.Ct:~LjA 

H. COLCST 
21. J-;U 
;:'.E.\T 

SELECT Pl'CCECURt: 
PRCGI\AI'I IS !)TOFPED 

'Jf-.FeR Ol:iSITY, Gt;.;U3: .2CL1~TL5 

CCLUi'ti C'j~lSl~uCTIUt\: CUD 
C~LU~h HATERIAL: CA~SO" STEll 
l~;"f ;··".Ti,:f;LLL : CA~ao~: STEEL 
T~~Y TYPE: G~IC,FLATE, OR SIE~( 

C0~T l~DEX: 35~.0 
FlC~~I~G ~~LCCITY, ~/S: .2331 .. 
1R~Y ~PAClhG fftC1CR: 
Tf\~'( ::~TrKIAL F.HTCR: 
H'Y rYF>; FACTOR: 
Tr t Y i' AT'· S F.L. C F.6,( T C R : 

eAse C·:;ST, 1!ioE 
14.:::'3 

1 •. ~7': 

17.Hf'LF 
1 ,j. S TO F 

.. 12.c5 

2.2fJl: 
.ceL 
_urI. 

<: .He. 

1LR!:TRU 
12.5YS1::11 
13.DEFH,C: 
14.STO[,[ 
15 .AO FIT 

19.TI~F ANC D~Tl 



n ------.------.. -.----- .......... _. -. 
I

v ~~::::e 
I~9 UT AN E 

, N~8 UT "N E 
I-P EN TAtlE 
N-rENTAhE 

12 
113. 
{jeHu 2U03 CC.40CS 
9 
f = 1 CO , X F = C • C 5 , G • 1 5, C. 2 5 , a • ;: n, 'J .. 3 5 , 
Ll<EY=:!, 
HI<E y= 4, 
fTL=.98, 

.faH=D .84, 
T=3S3,P=:3.'7, 
II =1, 
R f/. c= 1. 2, 
COST=1; 
1 
i 
1 
1 
.02 
.3 
.7 
.8 
350. 
N 
N 
1 e 

'.-

17.13.24.UClP, au, F04 , 

INPUT Data File of EXAMPLE 3. 
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OESPAC 5.e (6- AP R- 81 ) 

PROC EOUR ES: 
1.KVALUE 7. SHTCUT 11.RETREII 17.HELP 
2.E NTHALFY 8. COLU~N 12.SYSTE" 18.STOP 
3.P HASE 9. CERDA 13.0EFINE 19.THIE 
It.F LASH 1 C. COLe ST 14.STORE 
5.A8SEOH 21. HE x 15.ACTFIT 
6.14CCABE 22. EXT 

SELE CT P ROCE DURE : 

RETREV - RETRIEVE PHYSICAL CONSTANTS FROM DISK FILES 

ENTER NAME OF fILE (RETURti FOR PUBLIC DATA): 
tOATA WILL BE RETRIEvED FROM FILE PUBOAT 

RETRIEVE ~LL CO~PONENTS FROM FILE? (y OR N): 

NAME COMPCNENT TO BE R:TRIEVEO (RETURN TO END): 
tCOMPONENT 1 IS ACETONE 

NAME COI1PCNEhT TO BE RETRIEVED (RETURN TO END): 
tCO"PONENT 2 IS ETHANOL 

NAME COMPCNENT TO BE RETRIEvED (RETURN TO END): 
tCOXPONENT 3 IS CHLOROFORI' 

NAME COI1PCNENT TO BE RETRIEVED (RETURN TO END): 
tCOXPONENT 4 IS WATER 

NAP'E COMPCNENTTO SE RETRIEvED (RETURN TO END): 
LI8RARY IS REDEFINED~ SYSTEM IS UNDEFINED. 

PROt EDURES: 
1,K vALU E 7. SHTCUT 11.RETREV 17.HELP 
2.EHTHALPY 8. COLU~N 12.SYSTEPI 18~STOP 

AN 0 DATE 

3.PHASE 9.CERDA 13.DEFINE 19 .,TIME AND DAn. 
4.F LASH 10. COLeST 14.STORE 
5 .. 4 8S EO '" 21. HE x 15.ACTFlT 
6.IHCABE 22.EXT 

SELE CT PROCEOURE: 

SYSTEM - DEFINE COMPONENTS 1 N SY STE'" 

MOELS fOR VAPOR ENTHALPY HV: 
1. IDEAL SOLUTION OF PERFECT GASES. 
z. RESIDUAL ENTHALPY FROM VIRIAL EQUATION OF STATE. 
3. RESI-CUAL ENTHALPY FRCI1 REDLICH-KWONG EQUATION. 

MODELS fOR LIQUID ENTHALPY HL: 
1. IDEAL SOLUTION OF SATURATED LIQUIDS. 
Z. IDEAL SOLUTION wITH PRESSURE CORRECTION. 
3. EXCESS ENTHALPY FROM WILSON EQUATION. 
4. RESIDUAL ENTHALPY FROM REDLICH-KWONG EQUATION. 

MDELS FOr< VLE OLCULATIONS: 
1. LIUUID: WILSON ACTIVITY;VAPOR: VIRIAL EQtt OF STATE. 
2. PRAUSNITZ-CHUEH vERSION OF REDLICH-KWONG EQUATION. 
3. LIQUID: IDEAL SOLUTICN, ANTOINE EQUATION; 

V AP OR: DA L T ON • SLAW. 

SELECT MOtELS FOR HV,HL,VLE ( SLANK THEN RETURN FOR 111): 
SElf CT CO,.PONENT S (0 FOR HELP): 

SELECTED COI'IPONENTS: 

174 

EXAMPLE 4 - Computer Output of Mu1ticomponent Liquid-Liquid Extraction 
(EXT) . 
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1. ACETONE 

... 

2. ETHAftOL 
3. CHLOROfORM 
4. WATER 

VAPOR ENTHALPY: IDEAL SOLUTION OF PERFECT GASES. 
LIQUID ENTHALPY: IDEAL SOLUTION Of SATU~ATEO LIQUIDS. 
"-VALUES: RAOULT"S LAW. 

PRoe EOUR ES: 
1.I(VALUE 
2"ENTHALFY 
3 .. P HA Sf 
4.FLASH 
5.ABSED~ 
6.I'ICeABE 

7.SHTeUT 
8. CO LUI'4N 
9.CEROA 

H. CO LC ST 
21. HE;( 
22. EX T 

SELE eT P ReeE Du RE : 

11.RETREV 
12.SYSn/il 
13.0EFINE 
14.STOR£ 
15.AeTFlT 

LIQUID-LIQIJID EXTRACTION CALCULATION 

C ENTER A~AL FOR PURGULES 

17.HELP 
18.STOP 
19.TII1E AND DATE 

CENTER TE"IP,SNRTL,eC,CT,ALPe,ALPT,CG,ALP FOR NRTL 
e ENTER TEMP,NGMOL,NOGP,IDGP,N"G,NSG,QQ,RR,NKTA8 

PARA'" FCR UNIFAe 
ENTER INPUT PARAI1ATERS 
+(8A~LPR'TIMINC'H1'H2'M'N,SREST,SNORM,SACTC 

SWR IT ,TOL,CO/,\PS,C OI1PN,S TARS ,X1, F1,x 2, F2,l( F, FF,S F1 
H2 ,AVA L,TE PIP,S NR TL,e e, CT ,ALP C, ALPT,e G, ALP, NG/illOL 
NOG p, IDGF,N"G,NSG ,aa, RR ,PlI(T A~,PAR""') 

+ : 
+: 
+: 
+ : 
+ : 
+: 
+ : 
t: 
1': 
t: 
+: 
t: 
t: 
t: 
+: 
t: 
t: 
+ : 
+" 0 

t: 
+: 
+: 
+: 
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CONHRGEO RESULTS 

, COMP-1=ACETO 
'- -'-CO'I1P-;'Z;£ ThAN'-- -- -.-- -, 

COMP-3=C HLOR 
COMP-4=WA lER 

fEED S TO THE COLUI'IN 

STAG E FEE 0 
NO flOw CO"'P-1 COl'!P-2 

** ** ** ******** *******- **-**** TOP .800 .oooen • coooo 
BOTT 0 .. 1.00C .OOOCO .CCOOC 

10 .20e .5GOGO .50000 

ERRO RS IN TH E COMPONENT fiCATERIAL BALANCE 

COMP-1 
COI'IP-2 
CO MP-",3 
COI'IP-4 

o. 
D., 
o. 

-2. 

\.. ITERATION NO=10 

1.ST AGE flOWS 

STAG E HEAVY LIGHT 
NO FHA SE PHAS E 

, *-** * *a****** * ******* 1 .951 1.0{)2 
2 1.013 1.113 
3 1.066 1.H1 
4 1 ~115 1.2eo 
S 1.154 1.227 
6 1.181 1.243 
7 1.196 1.251 
8 1.203 1.255 
9 1.206 1.256 

10 1.207 1.234 
11 -.986 1.1«;1 
12 ~944 1.H6 
13 ~918 1.138 
14 .890 1.1 C3 
1S ;855 1. 051 

\.-
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COfiCP-3 CO,",P-4 

1.0uOOO .oonoo 
.0000(1 1.00000 
• 00000 .00000 

EQUATIONS. ERROR=1uOO(INPUT-OUTPUT)/INPUT 

, -
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~ 
2. HE AV Y- P HAS E /110 LE FRACTIONS 177 

STAG E 
NO C CMP-1 C 

**** * ****** 
1 .10 S1 0 .04401 • 8:3 6tl S .01423 
2 .10810 .08624 .78868 .01698 
3 .10503 .1243'7 .75084 .01974 
4 .10192 .15610 • 711i4 8 .02250 
5 .091i52 .17942 .69616 .02491 
6 .09793 .19425 .,68116 .026tl6 
7 .09703 .20237 .67288 • C277 2 
8 .09658 .20621 .. 66895 .02826 
9 .09639 .20779 .66734 .02847 

v 10 .09632 .20534 .66680 .02853 
11 .01625 .15(}39 .81631 _ .01705 
12 .00218 .131)06 .85264 • nl 51 2 

" 
13 .00027 .11037 .87542 .01395 
14 .DC 00:3 .08534 .9019 2 .01270 
15 .0GOuO .05091 .93782 .01126 

3. LI GHT PHAS E I'IOLE FRACTICNS 

STAG E 
NO COPlP-1 C 

**** * ****** 
1 .00S03 .04287 .00332 .94479 
2 .01078 .08149 ;.00431 .90342 
3 '.01172 .. 11378 .O()533 .86917 
4 .01235 .13 756 .C0622 .84388 
5 .01272 .15269 .00683 .82776 
6 .01290 • 16iJ97 .00719 .81894 
7 .01297 .16488 .00736 .81479 
8 .01299 .16647 .00742 .. 81312 
9 .01298 .16702 .00743 .81257 

10 .01298 .16726 .00744 .81232 
11 .00173 .15183 .00761 .83883 
12 .00021 .13675 .00702 .. 85601 
13 .00002 .11780 .C062C .87598 
14 .00000 .09211 .00520 .90268 
15 .OOCOO .05532 .OG402 .94066 

R EP E~ T ? (y OR N) 
? S YS T£I'I IS UflOEFINEO 

PROC EOUR ES: 
1~KVALUE 7. SHTeUT 11.RETREV 17.HELP 
2,ENTHALFY B. COLUMN 12~S YSTE/II 18.STOP 
3.P HA SE 9.CEROA 13 111 0EFINE 19.UI1e AND OATE 
4 .. FLASH H. COLeST 14.STORE 
5,.ABSEDH 21. HE X 1S.ACTFlT 
6.1t eCAB E 22. EXT 

SELECT PRCCEDURE: 
PROGRAM IS STOFPED 

\. 

'-

\., 
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\-

11 
PUS DA T 
N 
ACETO kE 
ETHAN OL 
CHLOR OFOR" 
WATER 

12 
113 
0010020030C4 
22 
BALLPR=O.75,TI~INC=10~,~1=1.,H2=0.,M=15,N=4,TOL=O.001, 
SREST=O.,ShOR"=1.,SACTC=-1.,SWRIT=O.,CO~PS(1)='eo~p-1', 
COM PS (2) = ' COl'! P- 2' ,e 01'1 PS (3 ) =' C 011 P- 3' , COM PS (4 ) = "eo .. p- 4 ", 
CO"PN(1~~e£TONE",CO~PN(2)='ETHANOL',COI'!PN(3)="CHLCROFCRM", 
co"p~ (4)='.ATER ", 
STARS(1)=I******I,STARS(2}="********',STARS(3}='**********", 

-1-78- .- -------------

STARS (4)="************', 
X1(1,2>=.1C8,.G43,Q.794,Q.015,O.,Q.117,0.075,0.796,O.014,0.,0.119,0.09,0.796, 

.014,O.,.121,.C97,C.796,O.014,O.,0.122,O.101,O~796,O.O14,0.,0.124,0.105, 
.796,0.014,0.,.126,0.110,0.796,0.C13,0.,0.129,0.118,0.796,0.013,0.,C.131, 

O.132,O.7ge,C.C13,n.,.134,Q.157,O.796,n.013,C.,O.046,O.125,0.995,0.012, 
O.,O.C32,0.1C7,O~997,.012,O.,O.025,O.093,u~997,O.012,U.,0.017,0.077,0.998, 

0.C12,0.,0.Ou9,0.C50,0.999,0.012,0.,2*0.0,1., 
X2(4,1)=1.,O.,.0089,.0328,.0024,.9998,O~,.0096,.0578,O.C024,0.9849,C.,0.0098, 

.Ctd9,.Q024,O.97C3,O.,0.0099,O.Q74,O.0024,.9558,O.,0.O10,C.0773,U.0024, 

.9416,O.,~0102,:08C1,.OQ24,.9276,O.,.01Q4,.n8!9,.Q024,.9138,U., 
.0106,.OSC2,.C024,.90Q2,C~,O.Q108,O.101,O~0024,O.8868,0.,0.011,0.1199,0.0024, 

~8711,0.,O.003B,.09t1,C.0030,O.8607,O.,D~0027,0.0820,O.~03,O.85C5,O.C, 
.0021,O.0713,.OC3,.8403,C.,O.0014,0.0587,O.003,Q.8302,O~,O.OuQ8,O.u382,C.003, 

O.E107, 
FHZ>=10fl1.0,6f10.8, F2(1)=16*1.0, XF(1,11)=2f10.5, FF(11)=C.2, 
AVAL(2,1)=.599,-O.674~1~33e~0.,0.5446,O~,0.501,O.877,O.,-0.9417,1.61,0., 

- 4.76,(;.,1.072,1.46,5.91; 
Pi 
18 
22.~.08.UCLP, au, P04 , C.326KLNS. 

INPUT Data File of EXAMPLE 4. 
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17.RElP 
lB.STOP 

P ROC ED U RES: 
1.I(VAlUE 
2.E NTHA lPY 
3.PHASE 
4.FLASH 
5.ABSEO/'l 
6.IHCA8E 

7.SHTCUT 
8.eOLu~N 
9. CE RD A 

11 .HTRE V 
12.SYST£I'I 
13.DEfINE 
14.STORE 
15.ACTfIT 

19.TI~E AND DAn 
1 C. CO Le ST 
21.HEX 
2~. EXT 

SELECT PReCE.OURE: 

R£TREV - ~ETRIEVE PHYSICAL CONSTANTS FROM DISK FILES 

EltTER NAME OF FILE (RETURh FOR PUBLIC DATA): 
tDATA WILL 8E RETRI;VED FReM FILE PUBDAT 

RETRIEVE ALL COMPONENTS FROl"l FILE'? (y OR. N): 

IiAME CO~PChE.NT TO BE RETRIEVED (RE TU RN TO EN D) : 
tCO"'PON~ 1 I S ,,- HE PT AN E 

hA~E COMPCltEhT TC BE R~TRIE\JED ( RETURN TO EN 0) : 
t CO!'!P ONEN T 2 IS CYCLOHEXAhE 

"AlliE COMPCNEHT TC SE R~TRIEVEO (RETURN TO EN 0> : 
t COMP ON EN T 3 IS FURF UR AL OEHY DE 

HA/'IE COMPCNENT TO Sf RETRIEVED (RETURN TO END): 
LIBRARY IS REDEfINED. SYSTEM IS UNDEFINED. 

PRoe EOUR ES: 
1~K VALuE 7. SHTCUT 11.RETREV 17.HElP 
2~ENTHALPY 8. COLUI1N 12~SYSTE'" lB.STOP 
3.PHASE 9.CERDA 13.DEFINE 19.TlI'IE 
4.FLASH 10. COLCST 14.STORE 
5~AeSEO'" 21. H£ x 15.ACTFIT 
6./HCAS E 22. EXT 

SELE CT PRCCEDURE: 

SY ST EI'I - OEF INE COII!PONENTS IN SYSTEM 

MODELS FOR VAPOR ENTHALPY HV: 
1. IDEAL SOLUTION Of PERFECT GASES. 
2. RESIDUAL ENTHALPY FRO~ ViRIAL EQUATION OF STATE. 
3. RESI&UAL ENTHALPY FROM REDLICH-KWONG EQUATION. 

1'!0DElS FO" LIQUID ENTHALPY HL: 
1. IDEAL SOLUTION OF SATURATED LIQUIDS. 
2. IDEAL SOLUTION WITH PRESSURE CORRECTION. 
3. EXCESS ENTHALPY FRO~ WILSON EQUATION. 
4. RESIDUAL ENTHALPY FROM REDLICH-KwONG EQUATION. 

MODELS FO" VLE CALCULATIONS: 

AND DATE 

1. LIQUID: WILSON ACTIVITYiVAPOR: VIRIAL EQN OF STATE. 
2. PRAUSNITZ-CHUEH VERSION OF REDLICH-~WONG EQUATION. 
3. LIQUID: IDEAL SOLUTION, ANTOINE EQUATION; 

VAPOR: DALTON'S LAW. 

SHECT MODELS FOR !iv,HL,VLE ( BLANK THEN RETURN FOR 111): 
SELECT CO/'PONEHTS (O FOR kELP): 

SHE CTEO COMPOhENTS: 
1. N-HEPTANE 
2. C YC L eHE XA HE 
3. FURFURALDEHYDE 
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EXAMPLE 5 - Computer Output of Multicomponent Liquid-Liquid Extraction 
(EXT). . • 



-
VAPOR ENTHALPY: IDEAL SOLUTION OF PERFECT GAHS. 
LIQUID ENTHALPY: IDEAL SOLUTION OF SATUh~TED lIQUIDS. 
K-VAllJES: RAOULT'S LAW~ 

PRoe EOUR E S: 
1.KVALUE 
Z.E NTHALP,( 
3.P HASE 
4.F LA Sti 
5 .. ABSEDH 
6.HCCABE 

7.SHTCUT 
s. COLUMN 
~.CERDA 

H. COLC ST 
21. HE X 
22. EXT 

SE~ PRCCEOURE: 

11.RETRE\I 
1Z.SYSTE~ 

13.DEFINE 
14.STORE 
15 .ACT FIT 

LIQUIO-LIQt.;ID EXTRACTION CALCULATION 

C EHTE R A \tAL fOR MAR GULf S 

17.HLP 
18.STOP 
19.TI"E AND CATf 

C ENTER Tf~P,SNRTL,cc,eT,~LPc,ALPT,CG,ALP FOR NRTL 
CENTER TEfI!P,NGMOL,NOGP,IDGP,NI',G,NSG,QQ,RR,NKTAB 

PARA~ FC.R UNIFAC 
ENTER INPUT PARAP'iHERS 
~(BALLPR,Tlf1!INC,H1,H2,r.,N,SREST,SNOR~,SACTC 

SW~IT,TOl,CCKPS,CCMPN,STARS,x1,F1,x2,F2,XF,Fr,Sf1 
S f2 ,AVA L,TEI'IP ,SNRTL,C C, CT ,ALPC, ALPT ,CG, AL P,NGKOL 
HOG p, I 0 GP ,NMG,N SG,Q Q, RR, hKTAB, PAR AI'\) 

't : 

't: 

+: 
't: 

t: 
\.. t: 

+: 
't: 

..... ...: 

+: 
't: 

'.. ...: . : 
... : 
't: 

... : 
't: 

... : 
+: 
+: 

'.. +-: 
't: 

't : 
... : 
.. : 
.: 
+: 
... : 
+: 

\.. +: 
+; 
... : 

...... + : 
... : 
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--.-:--.. -
'"' ... : 

'-

CONVERGED RESULTS 

COMP-1 =N-tlEP 
COI'lP-2=C YClO 
COMP-3=F URfU 

fE~ TO THE COLUMN 

ST loG E FEE D 
NO FLOW 

**** ** ******** 
TOP 1210.000 

BOTT 01'1 10C.OGG 
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COMP-1 COl',P-2 CO!'(P-3 

******* ** ** ** .OoOCO • 00000 1.00000 
.SOCCO .soooe .OOCOO 

~ ERRORS IN THE CO~PONENT ~~TERIAL BALANCE EQUATIONS. ERROR=100~(INPUT-OUTPUT)/I 

'-

'-., 

". 

..... 

,-. 

'-, 

COMP-1 
COMP-2 
COKP-3 

o. 
o~ 
o~ 

ITERATION NO= 7 

1. S1 AGE flOWS 

ST AG E HEA VY 
NO PHASE 

***** * *** ** ** 
1 1297.786 
2 1246.273 
3 1208.737 
4 1205.417 

LIGHT 
PHASE 

******** 
48.788 
11.051 
12.832 
12.619 

.S __ .. HO!t.o40 ____ ._.12.9;54._ 
6 120S~128 12.150 
7 1204~196 12.150 
8 1204.180 12.15Q 
9 1204,,174 12.150 

10 1204~168 12.150 
11 1204.162 12.150 
12 1204,156 12.150 
13 1204'.150 12.150 
14 1204 ~143 12.150 
15 1204.137 12.150 
16 1Z04~131 12.150 



.~. 3.LIGHT PHAS E MOLE FRACTIONS 

STAG E 
hO CO~P-1 C 

**** • • ••• *. 
1 .57520 .34946 .07534 
2 .07688 .03596 .88716 
3 .00059 .00029 .99912 
4 .00001 • 00000 .99999 
5 .00000 • oonoo 1. ocooo 
6 .00000 • 00000 1. 00000 
7 .00000 .OOOQe 1. 00000 
8 .00000 • 00000 1. coooo 
9 .00000 .0000 a 1.00000 

10 .00000 • ooooc 1.ocaOQ 
11 .00000 • coooo 1. 00000 
12 .00000 .ooaoe 1.00000 
13 .00000 • 00000 1. oocoo 
14 .00000 .00000 1.00000 
15 .00000 • coooo 1.00COO 
16 .00000 • 00000 1.00000 



1..___--- -"- ------

1.." 

REPE4T ? (y OR N) : 
? SYSTf" IS Uf\DEfINH 

PROC EDUR ES: 
1.ICVALUE 
2.ENTHALPY 
3".PHASE 
4,fUSH 
5,A SS€D '" 
6.I4CCA8E 

7.SHTCUT 
8. CO LUI~h 
~.CERD'" 

1 C. COLC ST 
21. HE X 
22.EXT 

SELECT PRCCEDURE: 
PROGRAM IS STOPPED 

11.RETREV 
12.SYSTE"I 
13.DEfINE 
14.STORE 
15 .ACT fIT 

• 

17 .HELP 
l8.STOP 
19.TIME AND DAn 
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'~---1-1--------'----' - -. -

PUBOA T 
N 
~-HEPTANE 

CYCLOHEXANE 
FURfU RALD E HYD E 

12 
113 
OC1 00 2003 
22 
BALLPR=0.8C,TI"INC=10.,~1=1.,H2=O.,~=16,N=3,TOL=O.001, 
S Rl ST =0 ~, S NOR 1'1= 1. ,S A e Te =1'. , SW RI T = O. , C 01"1 PS (1 ) = • C 01'1 P-1 • , 
CO..,. PS (2) = • COI'I P- 2 I ,e eM PS (3 ) : 'e 01'1 P- 3 I , 

eO"'PN (1)=' tI-H EPTAhE', CO~Pk (2) =, CY CLOHEx AI'> E', 
COI'IPN (4)=' FURFURALDEHYDE', 
ST~R~1>=I.*****I,STARS(2)=I···*·***',STARS(3)='*.********', 
x1(1,2"'=.0~,.Qb,O.9Q,C.,O., 

.O".08,0.9C,C.,0., 
• 0". C8,0.9 C, O. ,0., 
.0".08,G.9C,O.,O., • 0". OS,0.9C, o.,e., .0". OS,0.90, 0.,0., 
.0".08,0.90,0.,0., 
.0". C8,0·.9 C, 0.,0., 
.O',.CS,O~90,0.,O., 
.0". OS,O .9C, 0.,0., 
.0". C8,O .90, 0.,0., 
.0',.C8,O.9C,O.,0., 
.0". OS,0.9C, o. ,0., 
.O',.C8,C~90,0.,C., 
.0".08,0.90, O. ,0., 
.'0".08,0.90, 0.,0., 
o. , O. , 1 ~, o. , 0 ~, 

X2(1,1)=.5C,.50,.C,C.,O~, 
.70,.10,0~20,0.,O., 
.7t,.10,0.20,0.,0., 
.70,.10,0~20,O.,0., 
.7Q,.1C,O~20,O.,O., 
.7C,.10,O~20,O.,O., 
.7C,.10,0;20,0.,0., 
.70,.10,0~20,C.,O., 
.7C,.10,C.20,0.,O~, 
.70,.10,0;20,0.,0., 
.7C,.10,0.20,0.,0., 
.70,.10,0.20,0.,0", 
.7C,.10,C~20,0.,0., 
.70,.10,0,20,0.,0., 
.70,.10,0.20,0.,0., 
• 7C,.10,0.2C, O. ,0., 
.70,.10,0.20,0.,0., 

F1(2):16*1240.,1210~, 
F2(1):100~,16*70., 
AVAL<5,S>=C., 
c C (5, 5) =0 ~, 
CH5,5)=0., 
ALPC( 5,5) =c., 
ALPT( 5,5) =0'., 
TEMP: 303.15, SNRTL=O., 
C 6(1,1> =0 ~ ,611. ,1418. ,0:,0.,-535.,0.,992. ,0., 0., 

1401.,1443~,O.,G~,O., 
ALP (1 ,1): 1 .,0.3,0 ~3 5, O. ,0. ,0.3, .1. ,0.35, O. ,0., 

0.35,.35,1.,0.,0.,0.,0.,0.,1.,0., 

H 
18 

o.,o~,o. ,O~, 1.; 

INPUT Data File of EXAMPLE 5. 
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-:---=-:------------------_.- ._---_.- . 
OE5PAC 5.~ C6-APR-l!n 

P Il OC ED U RES: 
1".1< VALU E 
2.ENTHALPY 
3.PHASE 
4.FLASH 
5.ABSEO~ 
6."ICCABE 

7. SHTCUT 
8. CO LU '1N 
Cj.CEROA 

1 C. COLCST 
21. HE X 
22.EXT 

SELE CT P ReCE DU RE: 

11.RETREV 
12.SYSTEM 
13.0EFINE 
14.5TORE 
15.ACTFIT 

17.HELP 
18.STOP 
19.TIME AND DAn 

RETREV - RETRIEVE PHYSICAL CONSTANTS FRO'" DISK FILES 

ENTER NAME OF FILE (RETURtoo FOR PUBLIC DATA): 
+-OATA WILL BE RETRIEVED FilCH FILE PUBDAT 

RETRIEVE ALL COMPONENTS FROM FILE? (Y OR N): 

NAP'E COMPONENT TO se RETRIEVED (RETURN TO END): 
.. COMPONENT 1 IS _ATER 

HAME COMPCNENT TO BE RErRIF.IIED (RETURN TO END): 
+-COMPONEtH 2 IS .ATER1 

NA~E COMPCNEhT TC SE RETRIF.VEO (RETURN TO END); 
LIBRARY IS REDEFINED. SYSTEM IS UNDEFINED. 

PR9CEOURES: 
1.KVALUE 
2.E HTHALPY 
3.P HASE 
4.FLASH 
5~ABSEOII! 
6.~CCAEiE 

7.SHTCUT 
8. COLUMN 
C;. CE RD A 

10. COLCST 
21. HE x 
22. EXT 

SELE CT P ROCE DU RE : 

11.RETREV 
12.SYSTEfiI 
13.DEFINE 
14.STORE 
15.ACT fI T 

SYSTEM - DEFINE COfilPONENTS IN SYSTE" 

~ODELS FOR VAPOR Et\THALPY HV: 
1. IDEAL SOLUTION Of PERFECT GASES. 

17 .HELP 
18.STOP 
19.TI"E AND DATE 

c2. RESIDUAL ENTHALPY FRO" VIRIAL EQUATION OF STATE. 
3. RESIDUAL ENTHALPY FRC~ REDLICH-KWONG EQUATION. 

,.0 DE LS FOR UQUI D ENTHALPY HL: 
1. IDEAL SOLUTION OF SATURATED LIQUIDS~ 
2. IDEAl SOLUTION WITt! FRESSURE CORRECTION. 
3. EXCESS ENTHALPY fROM ~ILSON EQUATION. 
4. RESHUAL ENTHALPY FROM REDLICH"!'I<WONG EQUATION. 

"IODELS FOr. VLE CALCULATIOhS: 
1. LIQUID: wILSON ACTIVITY;VAPOR: VIRIAL EQN OF STATE. 
2. PRAUSNITZ-CHUEH VERSION OF REDLICH-KWONG EQUATION. 
3. LIQUID: IDEAL SOLUTICN, ANTOINE EQUATION; 

VAPOR: DALTON'S LAW~ 

SELECT MODELS FOR HV,HL,VLE C BLANI< THEN RETURN fOR 111): 
SELECT CO~PONENTS (0 FOR HELP): 

SELE CTED COMPONENTS: 
1. WATER 
2. WAT ER1 

VAPOR ENTHALPY: IDEAL SOLUTION OF PERFECT GASES. 
UQU 10 ENTHALPY: I DEAL SOLUTION OF SATURATED LIQUIDS. 
K-VALUES: RAQULT'S LAW: 
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EXAMPLE 6 - Computer Output of She11-and-Tube Heat Exchanger (HEX). 



'-
'" 

'" 
"" 

P ROC EO U RES: 
f • ..:: VALUE 7. SHTCUT 
2.E NTHA LPY 2. COLU~N 
3.P HASE 9. CERDA 
4.FLASH 1 C. CO LC ST 
5.A8SEoM 21. HE X 
6.!4CCABE 22.EXT 

SELf: CT PRCCEOURE: 

HEAT EXCHANGER CALCULATION 

ENTER INPUT PARA~ETERS 

11.RETREV 
12.SYSTEM 
13.oEF1NE 
14.STORE 
15 •• "T f1 T 

t{TH1 ,T HZ, TC1 ,Te2,N,H 0, HD O,HD I, HI,O I, DO 

+: 
+0 

+ : 
+: 

S L, NTP, PT,8,Y ,0 E, MC OMP, K H,K C, V I SH,V IS e 
TET A, FLAG,EPS,S ~C H, SWCH 1 ,SWCH 2, CPL) 

\. +: 

\.. 

'-

HEAT EXCHAhGER RESULTS 

UO= 1~96.2391 J/(S*M**2*K) 

A= 54.591711**2 

L= 914.5837 " 

NT= 188.0 

DIS: 389. 9898/11M 

HI= 7917.1696 JI (S *14**2* 10 

HO= 6159'~466 2 JI (S*,.**2*10 

TW= 300.9450KELVIN 

F= .9242 

CMTo= 5.4931 KELVIN 

REP EA T? ( Y 0 R N ): 
? SYSTEM IS UNoEFINEO 

PRoe EDUR ES: 
1.~K VALUE 
2.E NTHA LPY 
3:PHASE 
4.FLASH 
5~ABSED'" 
6.I1CCABE 

1. SHTCUT 
a. COLUMN 
9. CERDA 

10. eOLeST 
Z1.IiEX 
Z 2. EXT 

SELE CT P RoeE OURE: 
PR OG RA" ISS TO PP ED 

11.RETREV 
12.SYSTEM 
13~DEFINE 
14.STORE 
15.ACTFIT 

11.HELP 
18.STOP 
19.TlP'IE AND DATE 

11.HELP 
18.STOP 
19.T1"'E AND DATE 
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'-, 

\.-

. '-

'-

11 
PU60" T 
k 
.AHR _ 
WATER 1 

12 
113 
DC1 00 2 
21 

----, ----

T H1 =3 07,T H 2=302,T C1 =297,T e 2=300,N=1 ,H 0= 65 30,H 00=113 56, 
Ii Dl =3785, Hl=6 530, Dl =1 t. 5, 0 e=1 9, SL=4 .S3, NTP= 2, PT=2 3. 8, 
B =305 , Y =4 ~ 7 6, O~ =1 4, /Ii e O~ p= 2 2. CJ 7,35.31, I<H =. 623, KC =.609, 
V IS H= .81 , VIS C =. 92 , T ET A = .5 5 2, • 55 2, 
FLAG= 1, EP S=.O 1, SW CH =O,S we H 1=0,S lIIe H2 =1 ,e PL=75. 5, 75.5; 
~ 

18 
22.16.49.UCLP, au, p04 , C.185I<LNS. 

INPUT Data File of EXAMPLE 6. 
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COMPUTER OUTPUTS AND THE INPUT DATA FILES FOR 

THE PROCESS FLOWSHEET DEVELOPMENT EXAMPLE 



189 --.---------------. ______ . __ . _________________ ._ .. ___ . -_- __ 0.- _ . ____ _ 

D[SPAC 5.E (6-AP!;-81) 

PROCEDURES: 
1.P<VHUE 
2.ENTHALFY 
3·.PHAS£ 
4'.FLASH 
5~A8SED1'4 
6.~CCAUE 

7. SI1TClJT 
~. Ct; LtHN 
9.CE~DA 

11:. COLC ST 
21. HE X 
22. Ex T 

SELECT PRCCEDUfll:.: 

11.tiF.Tln:v 
12"SYST::'''I 
13. D E F I rd~ 
14.!iTOf<~ 
15 ~ACTFI T 

17.t1fLP 
1c.STCP 
19.T!i'lE !,ND DATE:: 

RETRfoJ - r.ETRIEVi: ?HYSICH COljSHllTS ffli)~ DISK FILES 

EtiTER Nt,'H OF FILE (~!::TURI\ FOR PUBLIC DATA): 
.D~TA ~ILL BE RETPIEVED FRC~ FIL~ PUeDAT 
.RETRIEvE ,ALL COr1FO~ENTS FROt~ flU',? (Y 01< 1'1): 

NAME COi1PCNCNT TO HE !<nRIF.vEO (RETURt-. TO EN 0) : 
+COI'1PONEIlT 1 IS IiY OR OG Ef; CHLORIDE 

NA~E CQ~PCNE.NT TO 3l rHHIEVED {RC:TURN TO Ctl 0> : 
.ce!'p ONE~IT 2 1 S EE lIZ r:r.E 

NM::: COHPCNc.NT TO El ~::;TRI::VED (lU. TURN TO Eft D) : 
• C.O~P ONF.N T 3 IS ChLOROdENZENE 

NAi"IE CO';PC1IEI\T TO 8f. RETRIE'Ie:D OE Tu RN TO EN D) : 
• COl"? NI EN T 4 IS ill'. TE R 

NA~E COMPCN[NT TO 8E R~TRIEvED (RCTUR~ TO EN~): 
LIBRARY IS ~EDEFINED. SY5TE~ IS U~DEFINEO. 

PROCE'DURES: 
1:1< VAtU t: 
2~E NTHALPY 
~.PHASE 
4;FLASH 
5,ABSEOH 
6~14 CCAB E 

7. Stl TC UT 
c.CQLU:~h 
9.CERDA 

1 r.. CO LC ST 
21~HU 
22. EXT 

SELECT PRCCEDuRE: 

11.REHCv 
12.S YSTEt; 
13.DEFINE 
14 a STORE 
15.ACTFIT 

SYSTEi1 - DEFItiE COl"PJtl!;liTS IN SYSTHl 

MODELS FOR v,4POR £r,TH.HPY t1V: 
1. IDEAL SOLUTION OF PEHt.CT GASE"$ .. 

17 .HELP 
18.STOP 
19.THIE AND DATE 

2. RESIDUAL ENTHALPY FROd 'IrRI.l.L c:· .. UHIOtl OF STATE. 
3. RESIDUAL ENTH.~L?Y FRC': REDL!CH-K\.ar~G EQUATION. 

MOElS FOR LhlUID EiHtlALPY tiL: 
1. lOUL SOLUTION Of" SATURATED LIClUIDS. 
2. IDEAL S.OLUTIO!'t ;.jlTH PRi.:SSUR': CORRFCTlON. 
3. E~CESS ENTHALPY Fno~ WILSON E~UATION • 

. ~ 4. RESIDUAL ENTH"LPYFIIC~ REDLICH-KwONG E«UATlOf1. 

MODt;lS FOR VLE CALCULATlOI'<S: 
1. LIIAUID: wILSON ACTIVITYiVAPCR: VIRUl EilN OF STATE. 
2~ PRAUS~ITZ-CHUEH VeRSION OF ilLDLICH-K<lONG F.~UATlON. 
3. LIQUID: IDE.4L SOLUTIO/I, ANTOlrlt. ~'.WATIOtl ; 

"APOR: DALTON'S LAW. 

SHEeT 1l0D!:LS FGR HV,l1l,VLF. ( £lLHIK THI:N RETURN FOR 1 11): 
SELCCT CQ/',POHENTS «.: fJR HELP): 

CASE 1 - Computer Output of the F10wsheet (d) o~ Figure 4.2. 
(F1asQ Temperature = 200°F = 366.48°K). 



- --SI: LEerED coii Fll-NE /i-r s :--- --- ----- ----- - ----
I..., 1 .. HYDRCG~N CHLORl:)( 

______ 19_0 __ -.----1 
2. BENZENE 
3. CHLOR08ENZE~E 

VAPOR ENThALPY: IDEAL SOLUTION OF pcP.FECT GI,5£5.­
LIQUID ENTHALPY: IDEAL SOLUTION OF SA.TURATED LIUUIOS. 

I..., t<-V~LUF.S: RACULT'5 LAw~ 

17.HElP 
1B.STOP 

PROC E"DURES: 
1~t<VALUE 
2'~E NTHA LPY 
3..,P HA st: 
4,FLASH 
5~ABSEDj1 
6·~.'1 coaE 

7.S~iTCUT 
e. COLU:·IN 
9. CERO.~ 

11~R(Tr.t:V 

12.SYSTE."I 
13.DEfINE: 
14.STOR£ 
15.ACTFIT 

19.THIE AIiD DATi:. 

,-

'-

1 C. CO LC :iT 
21.H£.;( 
22. EXT 

SELECT PRCCEDURE: 

fLAS H CALCULATIONS 

SHSCT TYPE OF FLASH: 

+1.pQ 2:TQ 3.av 4.TV 5y Pv t.TP 7.EHTH~LPY 8.DONF 
ENTER INPCT PARAI-IETERS 

+(T,P,Z,(GUESS,X,Y,V) ; 

+ : 

fL AS H RESl:LTS 
Hf = 2.cOO 8b04 T = 366.48G 
HL = 3.520 9E +04 P = 2.38u 
HV = -3.1',u/)£+04 V = .. 1331 

I C011P O/.E:rH x (1) Y (l) HI> 
1 r HY DR OGEIi C ill an I .u1 C3 .6594 .1 eon 
2' BENZ E~E ~4 216 .2652 .4con .Of 

3. CHLO ReSE Nl EN E ~568/) ..li 75 4 ~5 000 

R HI: AT? (y 0 R to: 
+1.Pw 2.TQ 3.QV 4.TV 5.pv t.TP 7.ENTHALPY S.DONE 

ENTER INPlJT PARAl'ETl:RS 
+ (T ,p , Z , H F, (G U L S S , x , Y , v); ) 

+ : 

FLAS H RESULTS 
'H F = 2.t.(1Q8!:.+u4 
HL = 3.5209E?U4 
HV = -3~14lJCL+04 

Q = 1.4478E-u1 

I COI-IPOtiENT 
1~ HYDROGEN CHLORI 
2. 8ENlEtlE 
3. CtlLORl:t3(hZEhE 

REPE AT? (Y 0 R II): 

T = 
P = 
V = 

x (1) 

.IJ1CJ3 

.4216 

.56EiJ 

366.48u 
2.3 au 
• 13:31 

YU) 
.. 6594 
.2652 
.U754 

HI> 
.. 1000 
.4GuO 
.500 () 

+1.P~ 2.TQ 3.QV 4.TV 'i.PV t.Tt> 7.f.I.THALPY e.DONE 

X!( I) 

.91G8 

.9157E-1)1 • 

.2084E-01 

X IU) 
.9108 
.9157E-01 
.2084E-01 

j(l) 

63.73 
• 6298 
.1328 

K<I) 
63.73 
.6290 
.1328 

I 

I 



-
\.... 

.~ 

PHOC EOUR ES: 
1.KVALUE 
2.~ NTHA LfY 
3.?HASE 
4 .. f LA SH 5." BS::OI'I 
6~)O!CCA(3E 

7. SHTCUT 
8.CULU.If\ 
9 .. C(;W.-\ 

1C"COLC5T 
21.iH:X 
22.EAT 

SELECT PRCCLOURE: 

11.RETREv 
12.SYSTE!>I 
13.0EFtNr::: 
14.STOR[ 
15.A CTFIT 

A8S[O~ - GAS .ASSCRPTIO~ (EDMISTER ~~THOD) 

~ . 
l' • 

ASSE OM RE~UL T5 
TT = G326.370 
TB = 401.330 

P = 2.170 
Ii = 3 

I COr1PCNENT 
1. HYD ReGEN 

.' 2. BEN ZE: NE 

LT = 1 on. 68 
V!3 = H.514 

XT (I) 

CHLO Rl .. r.C:1u 
"GC07 

3. C tiL or-as EN ZEtJE .9993 

"-

REPE AT? (y 

PROCEDURES: 
1.J<VALUE 
z"'!E NTHA LPY 
3.P HA SE 
4;F LASH 
5~ABSEDM 
6.i'\CCAdE 

OR N) : 

7. SHTCIJT 
8. CO Lu !iN 
9. CEf!DA 

1 ro. CO LC ST 
21. HE)( 
22. EX T 

SELE.CT PRCCEDLlRE: 

VT = 
La = 

)(1;3(1) 

.. OiJ 77 

.. Q272 

.. 96 51 

11.RETRI:V 
12.SYSHi~ 
13 .. 0 Ef 11;(: 
14 .. STOR£ 
15.ACTfIT 

6.3251 
1 C 4.87 

YT <I) 
.9683 
.li1)02 
.u315 

!oICCABE - ~CCA8E-THH:.LC 6INARY DISTILLATION 

17.HrLP 
1o.STOP 

191 

19.TI:-1E AND DATE 

Y!3<I) 
.6594 
.2652 
.(;754 

17 .HELP 
18.STOP 

X IT<!) 
.. 99235 
.01362 
.. 0019 a 

19.THiE AND DATE 

ENTER INPUT PARAHTERS (RATIO,ALPHA,Il, E.TA ,Xf,XD,F,D; ) 

+: 
~ : 

UB(I) 
.11658 
.99991 

1.(1)000 



-------------------- ---l92--- '--

I '-

R L PE AT'? CY 0 R N): 

PR,~C EDUR£S: 
1,1<. V ALU E 
2~E.NTHALPY 
3.P HA SE 
4.FLASH 
S.A5SEO~ 
6~'~ CCAB E 

7.SHTC\JT 
8. CO LU :1/\ 
<i.CEROA 

10.COLCST 
21. HE X 
22. t;x T 

SELECT PR-CCEOURE: 

11.HTREV 
12.SYSTEIII 
B.DEFII'\!: 
14.STORE. 
15.ACTFIT 

SYSTEIot - DEFINE COIIPOI-IF.NTS IN SYSTEr1 

MODELS FOR VAPOR ENTHALPY HV: 
'1. IDEAL SOLUTION OF PERFECT GASES. 

17.HC:LP 
18.STOP 
19.TIr.E AND DAn. 

2. RESICUAL nHHALPY FRC1'i VIR!..!,L E,I.WATION Of STATE. 
3. RESICUAL ENTHALPY FRC;~ REDLICH-KWONG tUUATlON. 

~ODELS FOR LIQUID C:tnHALPY HL: 
1. IDEAL SOLUTION OF SHURATED LItiUIDS. 
2. IDt::AL SOLUTION flITH PRL:SSURr: CORRF.CTION • 

. 3~ EXCESS EhTHALPY FRD~ WILSON EQUATIGN. 
4. RESIDUAL eNTHALPY FRO~ Ri;DLICH-f(\.jOI1G EIJUATION. 

MODELS FOI\ VLE CIoLCULATlCf'lS: 
,1 .. LIQUID: wILSON ACTlVITYiVAPOI<: VIRIAL !:\IN Of STATF.. 
2. PRAUSNITZ-CHUEH VERSION OF ilEDLICH-I<'..IONG EUUATION~ 
3. LIQUID: IDEAL SOLUTION, ANTOI~E EQUATION; 

VAPO~: DALTOtl"S LAW. 

SfLECT ~ODELS FOR HV,HL,VLE ( ELANK THEN RfTURN fOR 1 11): 
SELI!CT CO"PON~NTS (G FOR HELP): 

SHE CTED· CCKPOHOTS: 
1. CIiLOF.OBENZENE 
2. 1.0/ AT E R 

VAPOR F.NTHALPY: IDEAL SOLUTLON OF Pt::RFECT GASES. 
LIUUID ENTHALPY: IDEAL SOLUTION OF SATURATED LIQUIDS. 
K-VALUES: RAOULT"S L.'w,,' 

PROC EO URES: 
1 ~j( VALU E 
2.£ NTHA LFY 
3~PHASE 
4.FLASH 
S;A8SF.0f4 
6.MCCABE 

7. SHTCUT 
8. COLU:1N 
9.CE~D" 

1 r.. CO LC ST 
21. Ht:: X 
2 2. ~x T 

SELECT PRCC!:.DUP.E: 

HEAT EXCHANGER CALCULATION 

ENTER I NP UT PAR AIHHR S 

11.RETREtJ 
12.SYST£t~ 
13.pEFINf! 
14.STORt: 
15.ACTfIT 

~ (T H1 , T Ii 2 ,1 C 1 , T C 2 , N , H 0, H 0 0 , HOI, Ii I ,0 I , DO 

~ : 
~ : 
~ : 
~ : 
l' : 

S L, NT p, P 1 , t3 , Y ,DE, ~ C 0 ~ P, K H , t< C, V ISH, V I S C 
TET A, FLAG,£ ps,s we H, SI-I CH 1 ,SW CH 2, CP L) 

----------

17~HELP 
18.STOP 
19.TIME AND DArt; 



'-

'_. 

HEAT EXCHA~G£R RESULTS 

A= 30.,'5 fiG 81-: ** ~ 

L= 510.9B57 ~ 

NT= 1G5.0 

DIS= 

Ti4= 310.4119J(tLVI/'. 

f= .966t: 

eMTO= 56.2678 KELvIN 

REP E" T? ( Y 0 R N ): 
? SYSTEI'I IS UhDEFINEO 

PROCEDURES: 
1.1<. VALUE 
2·,.E NT UA LPY 
3.PHASE 
4~fLASH 
5 .. A 8S EO it 
6.~ce"oE 

7 .. SHTC!JT 
8 .. CO LU:1N 
9.CEP,D.I\ 

1 C. CO LC ST 
21. HE X 
22. Ex T 

SELECT PReeEDURE.: 
PROGRA!~ IS STOPPED 

____________________ J_93 _______ _ 

11 uf.CTRLV 
12 d SYSTf."! 
13nD~flttE 

14"STORE 
15.A CTfIT 

17.HELP 
1~.STOP 
19.TIrlE MiD DATE 



, , 

194 -----. .----------------------- ---- ----- ---- ------------------

'--

11 
PUB O~ T 
N 
HYDROGEN CHLORIDE 
i:I EN ZE NE 
C HlOR 08::14 ZEN£ 
WATER 

12 
113 . 
001002()1)3 
4 
7 
T=366~48,P=2.38,Z=11),4(Jl50; 
N 
6 
T = 3 66 : 4 8, P = 2. 38, Z = 1 0, 4;J, 5 C , H F = 2 60 r 8 ; 
N G 

8 
5 _ 
T T= 32 6. 37 , TO= 401.33,P =2 .; 1 7, L T =1 0(' ~6 8, va =111.51 4, N= 3, 
XT=O.,O.UO~6683,O.99,Ya=Q.c594,O.265l,O.G754; 

N 
6 
RATIO=1~3,ALPHA=3.B78,~=1,LTA=1,XF=O.21n6,XD=O.9975, 
F =1 92 .613,0 =40.056; . 
N 
12 
113"-
(j 03004 
21 
TH1=425.9,TH2=321.88,TC1=299.6,TC2=305.?',N=1,HO=1570,HDO=5GOU, 
HOI =1666, HI=655 0,01 =16.5,0 C=19, 5L=4. 88, NTP= 2, PT =2 3.8, 
8=305,Y=4.76,0~=14,~COMP=4.77,15.145,KH=.1303,~C=.616, 
V IS H= .3 2, V I S C =. 85 , T ET A = (). , C • , 
F lA G= 1, EP S =. 01, Sw CH =O,S ;lC H 1 =0,$ Y C H2 =G, C PL =1 7'3.8,75.5; 
N 
18 
20.31.17.UCLP, au, P04 , O.374r.LNS. 

INPUT Data File of CASE 1. 



- ----.--.- - --- -- ---.-.- ,--·------·1-95----· .. -.. -----... 
DES?AC 5.c (6-\PR-81> 

P ROC EO U RES: 
1.1< IIALUE 
2.E NTHHPY 
3.PHASE 
4: F LA Sti 
5.ABS£:oM 
6.RCCA3E 

7. SHTCUT 
8. COLU!lt4 
9. CERDA 

H. CO LC $T 
21.HE.< 
22. EXT 

S E LE C T P R C C E D U ~ E : 

11.i\ETREII 
12.SYSTE'1 
1 3 • D EF I ,'j ~ 
14"STOR£ 
15.flCTFIT 

17.H!:LP 
18.STOP 
19.TI:'iE A140 DATE:. 

RETREII - RETRIEIIE PHYSICAL CONSTANTS FROt. nSr< FILES 

ENT!::!? NAf1E OF FILE (Rt:TURI't FOR PUBLIC OATA): 
9DATA WILL BE RETRIEVED FRCS FILE PUSDAT 

RETRIEVE ,lLL COMPOI1f:NTS FKOt; FILe? (Y IJR N): 

NA~E CO~PON(hT Te BE RF.TPIEVED (;~E TU RN TO [?~d» : 
i' CO MP OIlEN T 1 IS HY DR OG EN CiiluRIDE 

NAMe COi1PONEPiT Te Et:: K ET R E'lED CRL TURN TO sr. 0) : 
i' CO ~P ON Ell! 2 IS EE f-tz:ri r; 

N~.I'IE C Q;i peNE NT Te EE Rr:TRI~VED (Rt TlJ FHl TO EI'i D) : 
... CO~P ONEN T ~ IS CH LO RO JE N Z EiiE 

r-iA~E COIiPCNENT TO OE. RSTRIEvED (RETURli TO Eli D) : 
... COKP ONENT 4 IS ',jA TEq 

NAI"E COi-lPCNt:NT TO 2E Ri:TRIEV!:D (RCTURN TO END): 
LIBRARY IS REDEFINED. SYSTEM IS UI'tDEFtNED. 

PROCEDURES: 
1~r(VALtJE 
2.E NTHALPY 
3:.P liA Si; 
4,.F LASH 
5:.A BS EO '" 
6.~ CCAS E 

75 SI1TCIJT 
2. CO LlJ:iN 
9. Cl:.Rv" 

1 0. COLC ST 
21. HEX 
22.~XT 

SELE CT P ROCE DU RE : 

11.HTREV 
12.SYSTU 
13.DEFINE 
14.5TORE 
15,/~,CTFlT 

SYSTEM - DEFINE CO~PCN::IHS IN SYSTEI'I 

MODELS FOR VAPOR E"ITliALPY HII: 
1. IDEAL SOLUTIO~t OF PERFECT G,4,HSu 

17 .riElP 
18.STOP 
19.TIHE AND DATE 

2. RESIDUAL ENTH.ALPY FRW IIIRIAL EQUATION OF STATE. 
3. RESICUAL ENTHALPY FRC~' R£OLICH-KIJCNG EUUATION. 

HODELS FOR LIUUID tNTH-\LPY HL: 
1. IDEAL SOLUTION 'JF SnURATF.D lIYUIOS. 
2. IDEAL SOLUTION ~HTI1 FRESSUH CORfHCTlON. 
3. EXCESS ENTH.'ILFY FR014 WILSON EIOUATION. 
4. RESICUAL ENTHALPY FRC!'l RE.DLlCH-K;.IONG C<4UATION. 

MOOELS FOF: VLt. CALCULAHONS: 
1. L!\.IUID: WILSON ACTIVlTYiVAPOK: VIRIAL E:Q/'i OF STATE. 
2. PR .... tJS~ilTZ-CHUEti V:RSION OF REDLICIi-KwONG EQUATION. 
3. LIUUI~: IDEAL SOLtJTICN, ANTOINE EQUATION i 

IIAPOR: DALTON'S LA.w. 

SELECT ?;ODELS FOR HV,HL,VU: ( DLArIK THEN RF.TURN FOR 111): 
.~ SELECT CCIIPONENTS <u FOR H::lP): 

CASE 2 - Computer Output of the F10wsheet (d) of Figure 4.2. 
(F1 ash Temperature = 250°F = 394.1 OK) •• 



'--

-SELE CrrDCOHPO-t-i-E·~T-S--:-----· - -.- -.-- - -- -- -.... -- - --.-
1. HYORCGEN CHLORIOt: 
2. BENZENE 
3. CHLOROUEtiZENE. 

VAPOR ENTHALFY: IDEAL SOLUTION OF P£RFECT GASES. 
LIQUID ENTHALPY: IDEAL SOLUTION OF SI\TUR~TSD LIQUIDS. 
K-V"LU!::S: RAOULT"S L.a.lo'a 

17.HELP 
B.STOP 

196 

P ROC ED U RES: 
1_,,1< VALUE 
2~E tiT HA LPY 
3.1!PHASE 

7.SHTCUT 
E. CO LU'II~ 
9.C(RO" 

11.F;HREV 
12 .. SYSTt:1J, 
13.0EfINE 
14.STORt 
15.ACTFIT 

19.T!I~E AND DAH 
4,f LASH 
5.~8SE0I1 
6.1'1 CCASE 

1 n~ CO LC 5T 
21. HE ;( 
22. !;X T 

SELECT PRCCEDURE:. 
c, 

FLASH CALCULATIONS 

SELECT TYFE OF FLASH: 

~1.P~ 2.TJ 3.uV 4.TV 5.~V 6.TP 7~F.NTHALPY 8.DO~E 
ENTER !tiPUT PARAI'IEURS 

~(T,P,Z,(GUESS,X,Y,V); ) 

~ : 

'. 

FLAS H ~E.SULTS 
HF = 3.485 H -to!,; 4 T = 394.Hu 
HL = 3. E 22 3E. -toe 4 P = 2.3 ,'~G 
HII = 2 • e 9G 3£ 1"04 v = .2979 

I CO ;~p 0" ~r1T x (1) Y (I) zeD 
1 .. HYOROGr::N C HL OR I ..U036 .3272 .1 QGO 
2~ 8ENZEhE .3683 .4747 .4 CGO 
3. CH LO R caE NZEH r: .621:1 .1 %1 .5000 

R E PC: AT? CY 0 It to: 
-to1.PJ 2.TY 3.av 4.Tv 5.PV t.TP 7.E~THALPY 8.DONE 

ENTER INP~T PARA~ET£RS 
~(T,P,Z,tlF,(GUESS,X,Y,"') ; 

~ : 

FLAS H RESLLTS 
HF = 3.485H.-to04 
HL = 3. S 22 3£ ~O ~ 
HV = 2.c9(j3E~C4 

Q = -3.E826L-01 

I CO.'1POHNT 
1~ HYDROGEN CHLCRI 
2. 8E'lHr.r. 
3'. CHLORCa~NZENF. 

R E PE AT? (Y 0 R N): 

T = 
P = 
v = 

x (1) 

~_u(!36 
.3683 
.0281 

394 .1 Oli 
2.330 
.2979 

Y (I ) 
.:3 27 2 
.4747 
.19!11 

Z (1) 

,1 eGO 
.41'10 i1 
.51)0 C 

~1 .. P:.t 2.'T:1 3 .. QV 4.T'" 5.P\! c.T'? 7 .. :::rHhALPY 8.DONE 

• I 

x I< I) 

.9749 

.3536 

.1180 

x I( 1) 

.9749 

.3530 

.1180 

J(,. (1) 

91.42 
1.2b9 
.3153 

K(I) 

91.42 
1.289 
.3153 



_ ._._---- --------- _____ -..... 1...L9J..Z __ . _____ . _ 

'-

PROC EOtJR E S: 
1.I<VALUF. 
2.E NTtiALFY 
3.PHAS2 
"-"FLAStI 
5:A 8S ED il 
6.i'lCCAI3E 

7.Sl-ITClJT 
>!. Cli LU --lit 
t;. Cc !,D_\ 

1 G. CO LC ST 
21. tiE. X 
22.~XT 

SELECT PRCCEOURE: 

11.RcTRt=.v 
1~.~YSTE'" 
13. [: Ef I:j!': 
14.$TOR~ 

15 "HTFIT 

ABSED~ - GAS A8S0RPTION (EOMIST~R fETHOO) 

... : 
T: 

cAE 51; OM RESUL TS 
TT = 326.37fJ LT = 1\;\;.68 
TB = 4_01.330 Vi;l = 29.793 

P = 2.17\1 
tI = 3 

I COrlPONE NT XT<I> 
1. HYORCGEN CHO RI • rc.OO 
.2. o F.r4 Zf: /ole .nCf17 
3. CHLOR08ENZEIlE .9993 

" 

RI::PE AT? CY OR Ii) : 

7.5HTCllT 
8. COLU'iN 
9. Ct.RD '" 

1 c. COLC 5T 

VT = 
. LB = 

X 3( I) 
• iJC"3 7 
.1175 
.87813 

11 .HTRE v 
lZ.5YSn:~ 
13.DEFI!.E 
14.STORc 

P ROC ED U RES: 
1.I<VALUE 
2.ENTHALPY 
3.P HA S£ 
4.F LASH' 
5·.A6SEO~ 21. HE X . 15.ACTFIT 

_ C~M CCAB E 22. Ex T 

SELECT PROCEDURE: 

9.637l: 
12Q.34 

YT (1) 

.9655 
"un11 
~U)3-3 

~CCABE - ,.CCABE-THleLe. SHi_o\RY DI5TILLATIOr; 

17.HfLP 
1~.STOP 
19.TIME AiiO OAT£: 

YB (!) 
.3272 
.4747 
.1981 

17 .H£LP 
1d.STOP 

XIT(I) 
.99395 
.0241)2 
.OCJ319 

19.TH1E AI10 DATE 

ENTER INPUT PARA~ET£RS (RATIO,ALPHA,u, ETA ,XF,XD,F,O ; 

. T: 
T: 

MC Co\ BE I tifUT PAl' ~MTER S 
RAT 10 = 1.30 Xf = .2104 
ALP HA = "3 •. H8 XD = .9975 

Q = 1.uCO F ... = 19 J. 35 
t: TA = 1.UCU 0 = 4i...056 

/'\CCAf3c RESULTS 
X.I = .110u6 La = 27 5.91 

\.J ;: 15(;.29 va = 125 .. 61 
L = 85.55.~ I, T = 1C; 
v = 125.61 Ilfl = 11 

XIS(!) 
.U4548 
.99935 
.99999 



RE PE AT'? <Y 0 R N): 

P R 9C ED U RES: 
1.KVALUE 
2 .. 1.: NTHALPY 
3.PHASE 
4~FLASH 
5.A8SEDH 
6.!HCAtlE 

7. SH TC UT 
8.COLU:lt. 
9. Ci:.rw ... 

1 C. COLC ST 
21 .. HE:< 
22.ExT 

SELECT PRCCEDURE: 

11.RETH£V 
12.SYSTCM 
13.DEFIf'1!: 
14.STOR£ 
15 .. ACTFIT 

SYSTFI1 - DEFINE COi'lPON~HTS IN SYSTEI1 

MODELS FOR VAPOR ENTHALPY HV: 
1. IDEAL SOLUTION OF PHFECT C,ASES. 

17 .tlFLP 
13.STOP 
19.TIHE AND DATE 

2 .. RESIOUAL ENTHALPY HC:~ VIRlAL f:IlU-\TION OF STATE. 
3. RESIDUAL ENTH.lLPY FROtl REDLICH-KwONG EUUATION. 

~ODELS FOR LIQUID -ENTHALPY tiL: 
1 .. IDi::AL SOLUTION Of SATURATED LI~UIDS. 
2. IDEAL S:JLUTION '"IITH FRI::SSURE COP.RZCTION. 
3. EXCESS ENTHALFY fROM WILSON lQUATIOH. 
4. RESIDUAL Er~TH"LPY FRC~ REDLICH-KWCNG E<.tUATION. 

MODELS FOR VL!: OLCULATIONS: 
·1 .. LIllUID: tilLSON ACTIVITYiUPGR: VlllIAL EQN OF STATE. 

2. PR.a.USNITZ-CHUEH V!:RSION OF REDLICH-KWONG eQUATION. 
3. LIQUID: IDEAL SOLUTION, ANTOINE EQUATION i 

VAPOR: DALTON1S L.AW. 

SELECT MODELS FOR HV,HL,VLE ( SLANK THEN RETURN FOR 1 1 1): 
SELECT COl'PONf.IlTS (C; FOR Hap): 

SELECTED cor,poNEIITS: 
1. CHLOROBENZEriE 
2. ;.IUEf( 

VAPOR ENTHALPY: IDEAL SOLUTION OF PEPFECT GASi7.S. 
LIQUID eNTHALPY: IDEAL SOLUTION Of ·SATURATED LI~UIDS. 
J(-VALUES: RAOULT1S LA.w. 

PR.OC FDURES: 
1.K VALUE . 

. 2.ENTHALPY 
3 .. PHASE 
4.FLASH 
5'~ A tlS EO i'1 
6.:''\CCABE 

7. SH TC 'JT 
e.COLlJ'W 
9.CEiWA 

1f1.COLCST 
21. Hl X 
22. Ex T 

SELE CT P RCCE:. DU RE : 

HEAT EXCHA~G~R CALCULATION 

ENTER INPUl PAR ... ,~IETEflS 

11.RETRE:.V 
12 .. SYSnM 
13.DEFIt;E 
14.STORE 
1 ~ • ACTf IT 

to <TH1 ,TH2,TC1 ,TC2,N,HO, HDO,HOI,HI,DI,DO 
SL,NTP,PT,6,Y,DE,~CO~P,KH,KC,VISH,VISC 
T ET A, F LAG, I;. P S , S \Ii C H, S w C H 1 , S I,j C H 2, C P l) 

to : 

~ : 
~ . 
.. : 
+ : 

, I 

17 .HELP 
1/:!.STOP 
19. TII'lf AN 0 DATE 
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HEAT EXCHAhGER RESUL1S 

UD= 511.4111 J/(S*il**2*K) 

.1..= 29 .0F-DoH** 2 

L= 497 .. 2434 :{ 

NT= 102.1i 

01 s= 297. 2957 fit! 

HI= 6302.8316 JI <S *p.:**2* 10 

G tiO= 912.1111 J/ (S*/'i**2*IO 

Tio/= 310. 38131<f;l v I Ii 

f= .960 !] 

C:-iTO= 56.2c.78 KELVIN 

REPEAT? ( Y OR N >: 
.? SYSH1'i IS UNDEfINF.D 

PR OC ED UR E S: 
l'~KVHUE 
2.ENTHALPV 
3'.P HA SE 
4J,1fLASH 
5 • .\SS~D1'\ 
6."1 CCA~E 

7. SH TC UT 
8. COLU!-\N 
9 .. C~~DA 

1 C. COLe ST 
21. HE)( 
22. EXT 

SelECT PRCCEOURE:: 
PROGRAH ,IS STOPPED 

11 .R ETPt:: \I 
12.SVSH.~ 

13.DEFINE 
14.5 TO R~ 
15.ACTFIT 

17 .HELP 
l8.STOP 
19.THIE ~ND DATE 



.\.. 

11 
PUBO .. T 
N 
H YO RO GE'4 CHLO RI DE 
tJENZE HE 
CHLOROBENZENE 
WATER 

12 
113 
001002u03 
4 
7 
T=394.1,P=2.38,Z=1014Q,5u; 
N 
6 . 
T = 3 94 '. 1 , P = 2 • 3 a, Z = 1 0 , 4 i), 50 , H f = 34 B 5 1 ; 
N c 

8 
5 
TT=32 6. 37, T8= 40 1.33,P =2 ~17,L T =100.0 a, va =29. 793, tl= 3, 
XT=O.,O.UOC6083,Q.99,Y3=O.3272,r..4747,U.1981i 
N 
6 
RAT 10 =1 ~ 3, A LP HA =3.878,Q =1 , I:TA =1 ,x F=O. 21 '-l4,x 0=0. 99 75, 
F =19J .35,.0=40.11 56; 
N 
12 
113 " 
003004 
21 . 
TH1=425.9,TH2=321.S8,TC1=Z99.6,TC2=3U5.2,N=1,HO=1570,H00=500U, 
H II I =1 66 6, HI:: 6 55 C, 0 I = 1 6 .. 5, D a = 1 9, 5 L =4 • S 8, Ii T P = 2, P T = 2 3. 8, 
B =3C5 , Y =4.76, DE =1 4, f'lC 0:4 P= 4.699,15.1 45,K H=.l 34.g, K C =.61 6, 
v IS H= .32, V IS C =. 85 , T ET A = 11. , C ., 
FLAG= 1, EP 5=.0 1, 5W CH=(JlS WC Hl={j,S I.ICIl2=O,C PL=178 .8,75.5; 
N 
18 
20.34.30.UCLP, su, Pu4 , :1.3741< LN 5. 

~ . 
INPUT Data File of CASE 2. 
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·--

\I 

DESPAC S.E (6-AP;;-.~1> 

P ROC ED U RES: 
1.KVALUE 
2.ENTHALPY 
3.PHASE 
4~FLASH 
5.A8SED1-\ 
6 •. '1CCA8E 

7.SHTCUT 
c. CO Lv :11'\ 
9. CEIlDA 

1 C .. COlCST 
21. HE x 
22.rn 

sue: CT PRCCEOURE:: 

11.RETHV 
1Z.SYsr:::.~ 
13 • 0 EF HI!:: 
14.STOF:i: 
15.ACTFIT 

17.tiFlP 
13.STOP 
19.TIt'\E AND DAn 

RETREV - f(ETtlIEVE PtiYSICH COf'iSTANTS FROi·1 DISt(. fILES 

ENTER NA:oI( Of FILE (RE.TUlH; FOn PU8LIC DATA): 
?OATA WILL 9E R~TRIEV~D FRC~ FILE PU8DAT 

RORIEVE ALL COI-1PONUHS FROH FILE? (Y OR N): 

~A ~E CO.'1PCN[llT TO 9l RF.TRIEVEt> (RE TU FIN TO EN [n : 
?C011PONEMT 1 IS liY OR OG r:r~ CHLORIDe 

NAME COi'iPCNE:!H TO BE R !OH: IEV EO (RETURN TO EN 0) : 
~ COI4P ON EN T 2 IS 8E NZ EI~ E 

t-:Mii: C'HPCN£NT TO eE F.ETRItVED (Ri:.TUI\N TO EN D) : 
?C01'!PQNENT 3 IS CH LO no OE. N Z E r~ E 

t-./. l'iE ca:-'PCNENT TO eE i\t;TRIEVED (RETURN TO cr, 0) : 

?COHP ONWT 4 I S ~A TE R 

NM1E COi1PCNENT TO dE Rf:HI£VEO '(RETURN TO END): 
LI8RARY IS REOEFINED. SYSTEM IS U~DEFINED. 

P f\ OC ED U R F. S : 
1~KVALUE 
2.£NTHALFY 
3~PHASE 
4~fLASH 
S',A 8S r!O ~ 

.' o~!-4CCAa( 

7.SHTClJT 
3. COLU ~r; 
9.CERD4, 

1 C. CO lC ST 
21. HE x 
22. EX T 

'SHECT PROCEDURE: 

11.RETREV 
12.SYSTEt.: 
13.DEFINF. 
14.5TORE 
1S~ACTFIT 

SYSTCH - DHIN!.: COliPON£:rns IN SYSTEM 

110Dt:LS faR "".POR E~TH"LPY HV: 
1. IDEAL SOLUTION OF P~RFECT G~SES. 

17.H!:LP 
'13. STOP 
19.TII'I£ AND DAn 

2. RESICUAL ENTH~LPY fROH VIRIAL (UU'TION OF STATE. 
3. RESIDUAL ENTH~LFY fRC'1 RI:OLICH-K.JONG EQUATION. 

~ODELS FOi\ LIIJI.JI 0 ENTH.\lPY Hl: 
1. IOEH SOLUTION Of SATURATED LIGlUIDS. 
2. ID~AL SOLUTIO"! WITH PRESSUi\E CORRECTION. 
3. ExCESS ':NTHlLPY FRO~ WILSON E~UATIOI'l. 
4. RESICUAL .ENTHnpy fRCr~ REDLICH-KWONG E~UATION. 

I'lODELS FOR VLE OLCIJLATIONS: 
1. LIQUID: ~IILSON .a,CTIVITYiVAPOR: VIRIAL £:.~,., Of STAT F.. 
2. PR."USrHTZ-CnUEH Vr.RSIO~ OF IH.DLlCH-K'..iONG EUUATION. 
3. LIQUID: IOE.a.L SOLUTICN, ANTOINE E'.JlJ.!.TION i 

\. VAPOR: OALTOH'S LAw. 

snEer f~ODELS FOR HV,HL,VU= ( SU.NK THi:N RETURN FOR 111): 
SHE CT C Of'POr.UH S (0 FOR HELP): 

. 
'CASE 3 - Computer Output of the Flowsheet (d) of Figure 4.2 

(Flash Temperature = 270°F = 405.2°K). 
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,- SELECTED COI'iPciNT~TS-:------'-'- -'--'-_. __ .. ---- _.- -- -. --- -.- --.--

1. tiYORCGU, CHLO:U!)[; 
2. 8ENZENE 
3. CHLOI\O!3ErlZEI'c£ 

VAPOR ENTHALPY: !DEAL SOLUTIOtl GF PERF!:CT GASES. 
LIQUID ENTtiALPY: IDEAL SOLUTION OF SATURATED LIQUIDS~ 
K-VALUES: RAOULT'S LA~. 

17 .HELP 
18.STOP 

PROCEDURES: 
1.KVALUE 
i.t:; NTtiALPY 
3.PHASE 
4~FLASH 

7.StiTCUT 
e.COLU~lN 

'1. CEiW" 

11.RETREV 
12~SYSTt.,~ 

13.DEFIrlF. 
14.STURE 
15 .ACHI T 

19.TIrlE AND DATE 

5.A 8S EDr~ 
6'~M CCAI) E 

1C.COLC'iT 
21. He x 
22.EItT 

SELECT PROC£;OUR!:.: 

FLASH CALCULATIONS 

SELECT TYPE Of flASH: 

+1.PU 2~TQ 3.QV 4.TV 5.PV 6.TP 7.ENTHALPY e.DON~ 
ENTER INPUT PARAr4ETERS 

+(T,P,Z,(GUESS,X,Y,V) ; 

+ : 

'-' 

flASti Rt:Sl:LTS 
Hf = 4.,918£1-04 T = 405.2t:lU 
Hl = 3.7698£+04 p = 2 ~3i?U 
HV = 4.1:21 cE"O 4 V = • 4963 

I COMPOIIENT X <I) '( <r) Z (I) 

1. HYDROGEN C Hl OR I .,(j019 .1995 .100 Q ' 2: 8ENZEtiE ~3(,)G6 .5nU9 ~4~Un 
3~ CHLOR08ENZENE .6~75 ~2996 .5000 

REPE AT? (Y OR to: 
+1.pQ 2.TQ 3.uV 4.TV 5.PV t.TP 7.ENTHALPY S.DONE 
ENT~R It/PliT PARA/lE:TERS 

"(T,P,Z,HF,(GUESS,X,Y,V) ; 

+ • 

FLAS ti R~Sl!LTS .' 
HF = 4. ;:91 BE"O 4 
HL = 3.7698E"04 
HV = 4. t 21 6Et-O 4 

Q = 9.c915f.-02 

1 COMPOr.!:~T 

1~ tiYDROGEN ClilORI 
<:. eE~ZrIlE 
3'~ CtiLO RCae NZ Ell E 

R E PE AT? (Y 0 R tD: 

T = 
P = 
IJ = 

xCI) 
40019 
.3C1C6 
;6975 

405.20u 
2.38u 
.4963 

YCI) 
.1995 
.5 O(! 9 
.2.'196 

HI) 

.1 nun 

.4ilon 

.5:]00 

.. 1.PQ 2.TQ 3.QV 4.TIJ 5.PV c~TP 7.(NTHALPY S.DONE 

x 1< I) 

.99ii4 

.6215 

.2974 

X I< I) 
.9904 
.6215 
.2974 

K (I) 

104.2 
1.606 
.4295 

K<I) 
1li4.2 
1 • 6(.6 
.4295 
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1------:-----. 

" PROCEOURlZS: 

v 

1.I(VALUE 
Z:.E NTHALFY 
3.PHASE 
4.FLASH 
5:'8SI:O(l 
6.!'ICCA8E 

7. SUTCUT 
8. COLU !N 
9.C£flDA 

111. CO LC ST 
21. HEX 
22.EXT 

S~LECT PRCCEDURE: 

11~i\F.Tr.EV 
12a5'1'STE.~ 
U .. DEF Itl!: 
14 .. STUR(; 
1~.ACTF!T 

ABSEDn - GAS ABSORPTION (EDHIST[R~~THOD) 

+ : 
~ : 

AcB SE 0:1 RESULTS 
TT = 326.370 LT = 10.') .. 68 
T8 = 401.331; va = 4'7 .. 034 

P = 2.17Q 
N = 3 

I COt'lPCNi;.NT x T (I) 

1. H'I':>RCGEN CHLORI .Clf1G 
2" DEr4ZEr,1: .C'U17 
3. CHLOI\CB EN ZEN£ .9993 

". 

REPE H'? (y OR 

P R QC E 0 U RES: 
1 .. 1( VALue 
2.E NTHALFY 
3·.P IiA S E 
4 .. FLASH 
5'~A 8S ED:1 
o-."ICCAt!E 

PO: 

7.SHTCUT 
3. CO LU '-IN 
9 .. CERDA 

1C.COLCH 
21.Hc.( 
22. EX T 

SELECT PRCCEDUP.E: 

VT = 
La = 

)( 8( I> 
.{]u23 
.1774 
.820.5 

11.RETREV 
12.5'1'STUI 
13.0EFINE 
14.STORC 
1S~ACTFIT 

9.9631 
140 .. 35 

YT (I) 

.9622 

.UQ31 

.0347 

~ ~CCA8E _. 'CCABE-THIELE BINARY DISTILLATION 

17.HELP 
11l.STOP 
1',1.TJI'IE AND DAn 

'1'8 (I) "'ITU) 
.1995 .99941 
.50U9 .0281:.0 
.2996 .00344 

17.HELP 
l8.STOP 
19.TIr-iE-ANO DATE. 

E~TER INPUT PARAlo'ETERS (RATlO,;\LPHA,G, ETA ,XF,XD,F,D; ) 

JoIe CI\ BE I NFUT PARAtlEFRS 
RAT IO = 1.3 () XF = .2F3 
ALP HA = 3.d 7d XD = .. 9975 

Q = > 

1.(}Cli F = 19i:.29 
I: T A = 1.lJ CO 0 = 4(,.050 

f'CCI\SE RESUL TS 
XW = .(jQt; 4 La = 27 5.89 

'oJ = 1 5i.i. 23 vB = 125 .. 65 

L = 85.599 NT = 9 
V = 125.05 NB = 12 

. -.. __ .- .. _ .... .' ...... _.- " .... 
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XIB(I) 
.u3189 
.99b83 
.99999 
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REPEAT? (y OR N>: 

PROCEDURES: 
1 ~K VALUE 
2.ENTHALFY 
3.PHASE. 
4'aFLASH 
5.A8SEO·~ 
6~MCCAl:3E 

7. Sli TC \.IT 
8. COLU'lIi 
9.CEf?o.~ 

1 C'!. COLC 5T 
21. H( X 
22. !:X T 

S E LE C T P R C CEO U R E : 

11 • R =T 1<£ v 
12.!.YSTUl 

13.0 E F tr~:: 
14cSTOR~ 
15,,;.CTFIT 

SYSTEH ~ CEFIN~ CO!'lPOIiWTS IN $YSTEI'i 

~ODELS FOR VAPOk ENTHALPY HV: 
1. IDEAL SOLUTION OF PERFECT GA5ES. 

17.HFLP 
18.STOP 
19.TIME AND DATE 

2. RESIDUAL EI'lTH.~LPY FRC t1 VIRIAL £uuHION OF STATE. 
3. RESIDUAL ENTHALPY FRCf1 Rt.DLICH-KvJmiG eQUATION. 

~ODELS FOI\ LIQUID ENTH-\LPY HL: 
1. IDEAL SOLUTION '1F SATURATED LIl'UIOS. 
2. IDE~L SOLUTION WITH PRESSUR~ CORRECTION. 
3. EXCESS ENTH'LPY FRO~I WILSON EQUATION. 
4. RESIDUAL ENTHALPY FRO!1 R~DL!CH-K\JCNG !:~UATION. 

MODELS FOR VLE. CALCULATIONS: 
,1~ LI~UIO: ~ILSON ACTIVITY;VAPOR: VIRIAL EUN OF STATE. 
2. PRAUSNITZ-CHUEH VeRSION OF RI;OLICH-KwCNG Et.:UATIOH. 
3. LIQUID: IDEAL SOLUTION, ANTOINE EQUATION; 

VAPO~: DALTON'S LAY~ 

SELECT 1o\ODELS FOR HV,HL,vLE ( 2UNK THF.N RETURN FOR 1 11): 
SHECT COl"PONf.IITS (u fOR hf.LP): 

SELECTED COi'lPONUITS: 
1. CHLOnOBENZEkE 
2. WATER 

VAPOR ENTHALPY: IDEAL SOLUTION Of PERf~CT GASES. 
LIQUID ENTHALPY: IDEAL SOLUTION OF SATURATED LIQUIDS. 
K-VALUES: RAOULT'S LAW~ 

P ROC ED U RES: 
1.K'JALUE 
2·.ENTHALPY 
3'~P HA Si: 
4~FLASH 
5~A5SF.D"1 
6'.'fCCA8e 

7. SHTCUT 
:!.COLurIN 
9.C!::RD,\ 

1 r. CO LC ST 
21 .. HE;( 
22. EX T 

SELECT PRCCEDURE.: 

HEAT EXCHA~G~R CALCULATION 

SNTER INPUT PARA~ETERS 

11.REHEV 
12oSYST:;to! 
13.DEFINI: 
14vSTORE 
15 •. HTrn 

... <T H 1 , T H 2 , 1 C 1 , T C 2 , t. , H 0, H 0 0 , H D I, HI, 0 I, DO 
SL,NTP,PT,S,y,DE,XCOMP,KH,KC,VISH,'JISC 
T ET A, F LAG, E P S , S \:l C Ii, S w C H 1 , ~ w C H 2, CPU 

.. : .. : ... 
, . .. : 
... : 

17 .HELP 
H.STOP 
19.TIME AND DATE 
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r------------' ---------
l.-

'-

HEAT E'XCHAt>.GER RESULTS 

A= 30.123C~**~ 

L= 504~656G H 

NT= 104.0 

01 S= 299 .. 8245r11i 

HI= 6205.6770 J/(S*I4**2*K) 

'TW= 310.3139K£LvIN 

F= .• 9661: 

CI'ITD= 56.2678 K£:lVIN 

RE P EA T? . ( Y 0 R H ): 
? SYSTE;~ IS UNDEFINED 

'. 

P R pc EO U RES: 
1~I(VALUE 
2.E NTHALPY 
3~PHAS[; 
4.fLASH 
5.J.aSEOil 
6.I1CC,ldE 

7.SHTCUl 
8. CG LlJ ;~,.. 

9 .. CERPA 
1C .. COLCST 
21. HC X 
22.!:xT 

SEL~CT PROCEDURE: 
PROGRA~ IS STepPED 

. , . , 

11.f,ETR£1J 
12w~YST!:.'" 
13. &> E F Irl ~ 
14.STORt 
15.ACTFIT 

17 .HE'LP 
1S.STOP 
19.TIMe AND DAH 



I , -
206 ----- .---------

11 
PUBOA T 
N 
HYDROGEN CHLORIDE 
BENZ[;Nt: 
C HLOR 03EN ZENt. 
~ATER 

12 
113 
001(hJ 2003 
4 
7 
T=405 .2,P=2.3.8, Z=10AO, 50; 
N 
6 
T=405.2,P=2.38,Z=10~41,50,Hf=4291a; 
N 

• C'8 
5 
TT=326&37,T8=4G1.33,P=2~17,LT=1CO.b8'VB=49.634,N=3, 
XT=n.,O.U~(6683,C.99,YB=O.1995,n.5G09,~.299b; 
Il 
6 
r; AT 10 =1 .3, ALP HA =3.1:: 78,u =1 , ETA =1 , X F= .21 (j 3, ;( 0 =.9975, 
f:;1 9J .289, D=4 0.056; 

12 
113 .... 
00300 4 
21 
TH1=425.9,lrl2=321.88,TC1=299.6,TC?=3U5.2,N=1,HD=1570,H00=5000, 
HDI=1666,nl=6SSI),OI=16.5,DC=19,SL=4 .S~,NTP=2,rT=23.8, 
0=3 OS , Y =4.76, DE =1 4,!'\ C Ot~ p= 4.697,15 .. 1 45, t< H=.1 30 ", I< C =.61 6, 
V IS H= • 3 ;?, \I I S C =. :3 5 , T FT -~ = I). , C • , 
FLAG=1,EPS=.01,S~CH=G,SWCH1=O,SWCH2=U,CPL=178.8,75.5; 
N 
18 
20.38~24.UCLP' t3U, PG4 , O.374t<LNS. 

INPUT Data File of CASE 3. 



-----~--------------- ----.... -.- ----------.--- .... --- .-. -' -------20l--
DESPAC 5.t (6-APR-81) 

PROCEDURES: 
1.K VALu E 
2'~ENTHALFY 
3.PH",SE 
4.F LA SH 
5·.ABSEDi1 
6.~CCAi)E 

7. SIiTCUT 
8.COLu'HI 
9. C£;~D\ 

10.. COLC ST 
21.HEJ< 
22 .. FX T 

SELECT PRCCEDURt.: 

11.RETREV 
1~~SY~T!:1I 
1 :S'. 0 E·FI r; E 
14.!;TOR£ 
15.ACTfIT 

17 .H::LI' 
H.STOP 
19.TIIiC AND DATE 

RtTREV - HTRIEVE PUYSICt.L CON'iHNT!; Fi?O:- DlSr< FIL[:i 

ENTER NAME OF FIll:: (RE:TURh FOR PUtlLlC OATA): 
t DATA " ILL a E R F.T R I F. v E I) FR C;~ fI U P U 13 0 A T 
RETRI~VE J.LL COI'\FO~[;NTS HOM FILE? (y OR N): 

NAf'lE COM peNE ~T TO 9£ K ~T R lEV ED (~E. TU Rt, TO ::1'\ [» : 

... COfJP OrtENT 1 IS HY DR OG ~ll CHLORIDE 

r;AI~E C~HPCNEHT TO at: rET p. IEVED (RETURN TO t:N [)} : 
tCOHPOHCH 2 IS EE /otz ::~l::: 

NAMe COr! P CNE liT TO Ell RF:TRlFVED (R£ TU Ri.j TO EN OJ : 
Teo ~P ON F.II T 3 IS CH La P.tl ]£~, Z r.ri E 

I'tAt-IE C 011 peNUlT Te EE RETRIF.VED (RETURN TO F.h!» : 
T COtiP ON Ell T 4 IS WA TlR 

NAH2 CO"PCNCNT TO EE RETRIEVED (RETURN TO ENO): 
LIBRARY IS REDEFIrtED. SYSTEM IS .UNDEFWED. 

P ROC ED U RES: 
1.I<VALUE 
2,,£ NTHALPY 
3'~P HA SE 
"'~F LA Sli 
5'.1\ as Eo 14 
6.HCCALlE 

7. Stl TC UT 
8. CO LLJ '~N 
9.Cl~D~ 

10. COLe on 
21. HE X 
22.EXT 

SELECT PRCCr.DURE: 

1111RETPE. v 
12.SYSTi::'" 
13.DEFIN!: 
1ft.STORE 
15.;,CTFIT 

SYSTEi'i - DEFIIiF. CO"'POI~::NT!:i IN SYSTEH 

MODELS FOR vAPOR ENTHALPY HV: 
1. IDEAL SOLUTION OF PEI\FECT CASES. 

17.HELP 
18.STOP 
19.THIE AND DATE. 

2. RESIDUfoL ENTH,~LPY FRC:-! VIRIAL SOUHION OF STATE. 
3. RESIDUAL EI'iTH'LPY FRO,~: REDLICH->::,.orIG ~ULJATION. 

~ODELS FOR LI~uID E~.TH,\LPY ilL: 
1. IO[;:AL SOLUTION OF SATURATED LIIWIDS. 
2. !OEAL SOLUTION \-/1TI1 F~ESSURF. COi\RE:CTIOt •• 
3. EXCESS F.tHH~LPY FRUi1 lHLSON Ei4UATION .. 
4. Ri:SIDUAL ENTHALPY FRUK REDLICH-K\-/ONG f~UATION. 

MOOC:LS FOR VLE CALCUU,TICr.s: 
1. LIQUID: wILSOi .'1CTIVlTYivAPO": VIRIAL EQIi OF SHTE. 
2. PRAUSNITZ-CHU~H v~r.SION OF REOLICH-KwI)NG EQUATION. 
3. LIQUID: '1 DEAL SOLUTIC~I, ANTOINI:: EQU,HION ; 

VAPOR: DALTON'S LAW. 

SELECT ~OD~LS FOR HV,iH~,VLE ( ELANK THJ:N Ri;TURN FOR 1 1 1): 
SELECT COI"PONl.:-JTS (L FOR HELP): 

CASE 4 - Computer Output of the Flowsheet (~) of Figure 4.2 
(Flash Temperature = 280°F = 410.77°K).' 



-------SELECTED COI~PONENTS: 

\~ . 1. H'fORCGUI CHLORIDE 
2. 3F.NZEN£ 
3. CHLOROO!;I\ZENE 

VAPOR ENTHALPY: IDEAL SOLUTION OF PERFECT GASeS. 
LIQUID ENTHALPY: IDEAL SOLUTION OF SATURATED LIQUIDS. 
K-VALUES: RAOUlT'S L'~i. 

7. SH TC UT 
8. COlUliN 

17.HELP 
1d.STOP 
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P R OC ED UK E S : 
1~ICVALUE 
2'~ENTHALPY 
3.p HA SE 
4.FlASH 
5.A8SEDM 
6~~lCCAOE 

9. CHO.' 
1 (1. COlC 51 

11.RETHV 
12.SYSTt1'l 
13.DEFIIiE 
1It .. STORc 
15.ACTFIT 

19.THIE AND DAn 

~ 

21. HE x 
22. r;x T 

S C LE C T PRe C f. 0 U R E : 
(, 

FLAS H CHCULATIONS 

SELECT TYPE OF FLASH: 

~1.PU 2.T~ 3.~V 4.TV 5.PV c.TP 7.E"THALP'f 8.DONE 
ENT&R INPUT PARA~ETERS 

~<T,p,Z,(GUESS,X,y,v); ) 

~ : 

FLAS H RESULTS 
HF = 4.<;r}o6E.-u4 T = 411.1.77(; 
Hl = 3.0933£.-04 P = 2.3~L! 
HV = 5.54331:~C:4 V = .6558 

1 C01-1PO"ENT X (1) Y (I) HI> 
1. HYOROGEr~ C tiL OR I .U014 ,,15113 .1 GOO 
2~ BeNZ HE .2532 .4770 .4 (luo 
3'; CtilO RCt3E NZENE .. 74 S4 .3712 .5000 

R l PE AT? (y 0 R N): 
~1.PQ 2.TQ 3.JV 4.TV S.pv c.TP 7.ENTHALPY S.DONE 

ENTr; R III PUT PA RAilE Tt: RS 
~(T,P,Z,HF,(GUESS,X,Y,V); ) 

~ : 

FLAS H RESLLTS 
HF = '-. S066bL4 
HL = :5 • 693 de 1'04 
HV = 5. S43 3E ~O 4 

ij = -2.7177£-01 

I COr&POI'IENT 
1, HYOROcEN CHLORI 
2. B€NZEt.E 
3~ CHLOP'Ct3~NZENE 

R E PC AT'? (Y 0 R N): 

T = 
P = 
v = 

x (1) 

.G014 

.. 25.32 
a 7454 

410.770 
2.33U 
.6556 

YO) 
.1 51 8 
.4 nq 
.3712 

HI) 
.1 flG n 
.4000 
.5 CU 0 

~1.PQ 2.TQ 3.QV 4.TV 5.PV t.TP 7.~hTHALPY a.DONE 

x I< I) 

.9953 

.7821 

.4e68 

x I( 1) 

.9953 

.7821 

.4868 

qI> 
111.0 
1.884 
.49bO 

I( <I ) 
111.0 
1.884 
.4980 



------_ .. _---_.----- --

'v _ P R ac ED U RES: 
.. 1.I<VALUE 
2~ENTHALPY 
3.P HA Sf: 
4.FLASH 
5~ABSEDM 
O.MCC.\3E 

7.SHTCllT 
e. CCLU:iN 
9. CERDA 

111. COLC ST 
21. HE;( 
22. EXT 

SELECT PRCCEOURt: 

11.Rf.TPEV 
12.SYST[~ 
13~DEFII'lF. 
14.~TOR[ 

15.HTfIT 

A6S~DM - GAS AU$aRPT1a~ (EO~ISTER ~ETHCD) 

.. : 

.. : 

ABSE 01'1 RESULTS 
TT = 326.370 Ll = 100.68 
T8 = 401.33'J ve = c ';.. 577 

P = 2.170 
Ii = 3 

.1. COHPCrlENT 
1. HYDRCGl.N CHLOPI 

XTCI> 
.CCf10 
.CUO? 
.9993 

2. BENZENE 
3.;' CHLOROBENZUiE 

REPEAT? (Y OR 1'1): 

PROC EDlIR E S: 
1:KVALUE 
2 41 ENTHALPY 3:.P HA SE 
4~. F LA Sri 
5.A as ED 11 
6.I'ICCAaE 

7. SHTeUT 
8. COLU·H, 
9. er RO A 

1C.eOLeST 
21. Hc. x 
22.cXT 

SELECT p~cet:DURE: 

VT 
LO 

X3 (I) 
.. J]u 1 ? 
• 2lJ 04 
• 7S 79 

= 
= 

11 .. I\ETREV 
1Z .. SYSTEt~ 
13.DEFINE 
14.STQRC 
15.1\ CTfIT 

1U.(j9(, 
1 S 6. 16 

YT (I) 

.. 9594 

.onSI) 

.0356 

MCCA,8E - ".CCASE-THIELE aINARY DISTILLATION 

17.HFLP 
1I::.STOP 
19.T1:o1E AND DATE 

ya (I) 

.1518 

.4770 

.3712 

17 .. HE"LP 
18.STOP 

XIT(!) 
.99955 
.03115 
.00357 

19.T111E AND DATE 

ENT~R INPUT PARA~ETERS (RATIO,ALPHA,O, ETA ,XF,XO,F,O ; 

.. : .. : 

MC CA BE I rlFUT PH AI': ETER S 
RAT 10 = 1.30 XF = .2103 
ALP HA = 3.878 xc = .997S 

(! = 1.GOu F = 190.27 
ETA = 1.00ll 0 = 4lJ.G 50 

~C CA B~ RESULTS 
X \01 = .00104 Lb = ?7 5. 87 

W = 1 50.21 V8 = 125.65 
L = 85 .. 59 g NT = 9 
II = 125.65 ht.3 = 12 
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XIB(I) 
.02691 
.99845 
.99999 



v 

\'" 

R E PE AT'? (y 0 R ro: 

PROCEDURES: 
1'~KVALUE 
2,.E NTHA LFY 
3~PHAS(; 

4.FLASH 
5~A,8SED!'1 
6.-j CC ... 6 E 

7. StlTelJT 
8. co LIJ ,~r. 
9.CERD." 

1 G. COLC 5T 
21. HE. X 
22. ::X T 

SELE.CT PRCCEDURE: 

11.R ETPE v 
12~SYSTr .. 
B.DEFINE: 
14.5TOR£ 
15.ACTfIT 

SYSTEM - DEFINE COIIPorHNTS IN SYSTEM 

MODELS FOR VAPOF\ ENTHALPY HV: 
1. IDEAL SOLUTIO~ OF PERFECT G/'.SES. 

,- ---------2-1..0-..---____ ~_~. 

17.Hf.LP 
18.STCP 
19 .. TIH!: At;O DATE 

2M RESIDUAL ENTHALPY FRCM VIRIAL EQUATION OF STATE. 
3. RESICUAL ENTHALPY rRW REDLICH-KWONG SQUATION. 

" :o\ODELS FOR LIQUlD F.N'THo\LFY HL: 
1. IDEAL SOLUTIO~ Of SATURATED LIQUlDS. 
2. IDi::AL SCLUTIO~ HITH PRESSURE CORtHelIOH. 
3. EXCESS ENTHALPY F~Oc1 IHLSON EQUATION. 
4. RF.SICu.a.L ENTH~LPY FRCH R(DLICH-J<WONG EQUATION. 

i'ODELS FOR VLE. CALCULHIONS: 
.1.. LIQUID: wILSOI1 ACTIVITYiVAPOR: VI:1IAL E~N OF STATE. 
2. PRAUSNITZ-CHUEh V~RSION OF ReDLICH-KwONG EUUATION. 
3. LIQUID: IDEAL SOLUTICN, AfHCIN£ EQUATION; 

VAPOR: DALTON'S LAW. 

SELECT ~ODELS FOR HV,HL,VLE ( 8LAHK THEN RETURN FOR 1 1 1): 
S£.LECT CO/fPONENTS «(. FOR HELP): 

SELECTFD COr-iPONf:NTS: 
1. CHLOROBENzttlE 
2. 'HT E R • 

VAPUR !:NTHALPY: IDEAl SOLUTION OF PEfiFECT GASES. 
LIQUID EN1HALPY: ID~AL SOLUTION OF SATURATED LIQUIDS. 
K-VALUES: RAOULT'S LI\~I. 

PROCEOURES: 
1-:K VALU E 
2~E NTHALPY 
3·.PHASE 
It.FLASH 
5.ABSE!l'1 
6'.HCA3E 

7.SHTCUT 
8. CO LU:-Ili 
?CERDA 

1~.COLCST 
21. Hc;;( 
Z 2. EX T 

S(LECT PRCCf..DURE: 

HEAT eXCHANGER CALCULATION 

ENTER I~PUT PARAI-iHERS 

11aRETREV 
12.SYSTE:'-I 
13.::EFINE 
14.ZTORE 
15.ACTFIT 

i' (T H1 , T HZ, T C1 , T C2 ,N,H 0, riD 0, H D I, HI, 0 I, DO 
SL, NTP, PT,8,Y,D E, "Ie IJt'!P' KH,KC, V I SH,V IS C 
T ET A, FL" G, E PS , S WC H, S~i CH 1 , S IHH 2, CP L> 

17. HELP 
18.STOP 
19.TIrlf AND DATE 

'-, + : .... 
... : 
... : 
t' : 



-------------------
v , 

v 

'~. 

HEAT EXCHA~GER RESULTS 

UO= 503.6515 J/(S*!;**2*K) 

A= 3(j.11B6~1*"2 

L= 504 .. 5820 "\ 

NT= 1 Q4.0 

DIS= 299. e245 ~h 

HI = 6205.677C JI (S *i~**2*K) 

HO= 389.4202 JI (S *~**2*IO 

Tol = 310.3131 <E LV 1/\ 

F= .9 Cbe 

Ci'lTD= 56.20 n t(fLVIN 

R EP EA T? ( Y 0 R N ): 
? SYSTEr~ IS UNDEFINED -, 

PROC tOUR ES: 
1.I<VALUE 
2.ENTHALPY 
3'.P HASt:: 
4~FLA5H 
5,."85[0"1 
6 •. 'HC"9E 

7.SHTCLlT 
8. COLU,IN 
9.CE~O' 

1 G .. COLC ST 
21. HE)( 
22. EX T 

SELECT PRCC£DURE: 
PROGRAM IS STOPPED 

11.HTRt:V 
1Z.SYSTEi .... 
13.0EFl1'iE 
14.STORE 
15 .. ACTFIT 

17.HfLP 
18.STOP 
19.TIHE MID DATE 
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11 
PUBOl\ T 
N 
HYDROGEN CHLORIDE 
8ENZE N~ 
CHLOR OeEN ZENE 
~ATER 

12 
113 
G()10020rJ3 
4 
7 

N 
6 
T=41u.77,P=2.3B,Z=10,4G,5C,Hf=49G66i 
N 
8 

-5 
TT=326.37,T6=4u1.~3,P=2D17,LT=1CU.oS,vo=c5.577,~=3, 

0IT=o.,a.UOC6683,G.99,YU=C.1518,n.477~,O.j712; 
Ii 
6 
RATIO=1.3,ALPHA=3.878,~=1,~TA=1,~F=O.21~3,XO=~.9975, 
f=19J.269,0=40.0S6i 
tl 
12 .. 
113 
00311J 4 
21 '-
TH1=425.9,lH2=321.8S,TC1=299.6,TC2=3U5.2,N=1,HO=157G,H00=5UOO, 
H Dl =1 666, HI =b 55 0,01 =1 6. 5, 0 C=1 9, SL =4.38, NT P= 2, PT =2 3.8, 
&=305,Y=4~76,oE=14,~COMP=4.696,15.145,KH=.1303,KC=.616, 
V ISH= ~3 2, V ISC =.85,T ET .~=1. ,0., 
FLAG=1,EPS=~01,SWCH=C,SWCH1=0,SWCH2=Q,CPL=178.b,75.5; 
N . 
18 
20.42.08.UCLP, SU, P04 , :::. 37 4 K Lt. S. 

INPUT Data File of CASE 4. 
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ro-, 
\..., 

'-' 

\..., 

1...... 

I..... 

'-' 

\...' 

\.., 

DE SP AC 5. t (6- AP R- 81 ) 

PRoe EOUR fS: 
1.K VALU E 
2:e NTHALPY 
3:PHASE 

. J. :FLA SH 
5~~8SE:Di"! 
6.MceAt3E 

7. SI1TeUT 
8. CO LUt1N 
9.CERIJA 

1 C. COLCST 
21. HE X 
22. EXT 

SELECT PRCCEDURl: 

11.RFTR£1J 
12.SYSTt.~ 
B.OEFINE 
14.STOP.£ 
15.ACTFlT 

11.kFLP 
1d"STOP 
19.THIE AND DATE 

RETREV - RETRIEVE PHYSICAL CONSTANTS FROM DIS~ FILES 

ENTER NAi'lf. Of FILE (RtTURt\ fOR PUBLIC DATA): 
~DATA WILL 8t RETRIEVED FRC~ FILL PUoOAT 

RETRIEVE /ILL COI'iFOM.llTS FRO/; FILE? (Y OR In: 

NAME:: CO~IPCNE.NT TO 8£ REB lEVEl) (Rl TU ra. TO friD) : 
1" CO tiP 0 N E Ii T 1 IS HY 01\ OG!::rt CHLORltJ:; 

NAl'll COM PCNENT TO BE kETRIF.vEo (R£TURII TO HID) : 
1" COHP ONENT 2 IS BENZENE 

NAKE CO,;PCNENT TO 9E RETRIEVED (RETU I\r~ TO EN D) : 
~COt1POilENT 3 IS CHLORCi8ENZENE 

NA~E COMPONENT TO 8E RET R IEV ED ( RLTURN TO EN D) : 
1" CO~P ONENT 4 IS lriATErI 

NA.,E COMFONENT TO BE RETRIEVED (RETURN TO END): 
LIBRARY IS REDEFINED. SYSTEM IS UNDEFINED. 

PROCEDURES: 
1~K VALuE 
2 ... £ NTriALPY 
3.P HA SE 
4~F LASH 
5.ABSEDI'I-6:'" coat-

7.SHTCUT 
a.COLUMN 
9.CERD.' 

10. COLC 5T 
21.HE.}( 
22'. EX T 

SELECTPRCCEDURE.: . 

11"RE1'REV 
12.SYSTlM 
13.DLF INE 
14.STOR~ 
15.A CTFIl 

SYSTEM - DEFINE CO~POfIENTS IN SYSTEM 

~ODE.LS FOR VAPOR f.NTHALPY HV: 
1. IDEAL SOLUTION OF PERF~CT GASES. 

17 .HELP 
18.STOP 
19.TIKE .'ND DATE 

2. RESIDUAL ENTHALPY FROH VIRIAL EQUATION Of STATE. 
3. RESlCUAL ENTHALPY FRO~ REDLlCH-I<:WOIlG EQUATION. 

i10Di:LS FOR LIQUID ENTHALPY HL: 
1. IDEAL SOLUTION OF SATURATED LlQUIDS~ . 
2. IDEAL SOLUTIOr. wITH PRESSURE CORRECTION. 
3. EXCESS ENTHALFY FRO~ ~ILSOh tQUATIO~. 
4. RESlDUAL ENTHALPY FROrt REPLICH-K",ONG EQUATION. 

MODELS fOR VLf CALCULATIONS: 
1. LIQUID: WILSON ACTIVITYivAPOR: VIRIAL EON OF STAT~. 
2. PRAUSNITZ-CHUEH VERSION Of REDLICH-J<wONG EQUATION. 
3. LlQU1!>: IDEAL SOLUTION, ANTOlt.!: EQUilTION ; 

VAPOR: DALTON'S LAw. . 

SELECT MODELS FOR HV,HL,VLE ( 8LANJ< THEN RETURN FOR 1 11): 
SELECT COl'PONEIHS (G fOR HELP): 

CASES -Computer Output of the Flowsheet (d) of Figure 4.2 
(Flash Temperature = 300°F = 421.88°K). 
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------- ----- -------.---_._------- ._----_._---
SELECTED COl'lPONt.r.TS: 

-- - _.-. ----_._----._-----------_. __ .---
, ' 

• 

1. HYORCGEN CHLORIDl 
2. BEfiZlNE. 
3. CHLOF.ObEIlZENE 

VAPOR ENTHALPY: IDEAL SOLUTIOtl OF PERF!;CT GASES. 
LIQuIO ENTHALPY: IDEAL SOLUTION OF S~TU~~TED LIQUIDS. 
~-V" LUES: RAOUL T'S L.A .• I·~ 

7 .. SH TC LIT 
8. CO LU 'It.. 

17.HCLP 
18.STOP 

PROC EOURf;S: 
1.1< VA LU E 
2·.E NTHA LFY 
3.P H" SE 
4'~fLASH 

9. CERDA 

11uRETrU:1I 
12.SYSH:>I 
13.DEfINE 
14.STOR~ 
15.ACTFIT 

19.TU;E AND DATE 

S~" 85 EO H 
6.I'1CCAoL 

1 C. CO LC ST 
21. HE)( 
22 .. Ex T 

SELE CT P ReCl: OU RE: 

FLASH CALCULATIONS 

SELECT THE OF FLASH: 

~1.p~ 2.T~ 3.QV 4.Tv S.?V 6.TP 7.ENTHALPY &.QONE 
ENTER INPLJT PARAi"ETE::RS 

to (T, P , Z , ( G U E S S, X , y, V) 

to : 

FLAS H RESIJLTS 
HF = 6 ~ Z421f. ... 04 T = 421.(s~lJ 
HL = 3.6181£"'04 P = 2.:S dU 
HV = 6.24211:.to04 V = 1. CGOG 

I CO'1PONEN T X 0) Y<I) HI) X I( I) 

1. HYDROGEN C HL OR I "L009 ~ 1GQ [; .100i} 1.(;00 
2'. BEt\ZEr.E .1813 .4 C:O (\ ~4C'O!J 1.(;00 
3'. CHLOR08ENZENE u6178 .SOwO .SouO 1.600 

RE PC AT? (y 0 R N): 
.1.P~ 2.TQ l.uV 4.TV S.PII 6.TP 7.~NTHALPY 8.DONE : 

17 .HELP 
18.STOP 

I< (I) 

125.3 
2.31S0 
.6598 

PROCEOURES: 
1.KI/HUE 
2.E NTHALPY 
3.P HA SE 

7.SHTCUT 
8 .. CO LU'-!r4 
9.CCt!o.\ 

11.REH[V 
12.PSTE~ 
LiDOEFINE 
14.STuRE 
1S.ACTFIT 

19.TIMF AND OAn 
4.F LASH 
5."85::;01" 
b~HCCA(3E 

1 C. CO LC ST 
C:1.Htx 
22. Ex T 

SELE CT P Reef DURE: 
PR CG R."f'I IS S TO,PP EO 



'-

___ . __ .. _____ . _____ . _0_- __ . ____ " __ 
11 
PUSOA T 
N 
HYDROGEN CHLORIDE 

·BENZENE 
C HLOR OeEN ZENE 
WATER 

12 
113 
OQ1 00 2003 
4 
7 
T=421 ~88,P=2.38,Z~O,40,50; 

XFLSHTP: SYSTE" IS SUPERHEATED VAPOR. 
21.42.36.UCLP, au, P04 , C.176KLNS. 

INPUT Data File of CASE 5. 

Ii· 
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~~----~------------~-----------------

,"'" 

DESPAC s.a (6-APR-S1) 

PROC EDURES: 
·1'.KVALUE 
2~~E IiTHALPY 
3.PHASE 
4~'FLASH 
5'~~ BS ED M 
6.~CCAaE 

7.SHTClJT 
. 8. COLU'iN 
9.CERD-\ 

1C.COLCST 
21. HEX 
22. ex T 

SELECT PRCCEDURE.: 

11.RETREV 
12.SYSTc~ 
13.0EFINE 
14.STORE 
15.ACTF~T 

17.IiFLP 
18.STOP 
19.TI!'iE A~D DATE 

'- RETREV - RETRIEVE PHYSICAL CONSTANTS FRO", OISI< FILES 

ENTE R NAME OF FILE (RnURN FOR PUBLIC DATA): 
',- *DAT~ WILL 9E RETRIEVED FROM FILE PUBDAT 

RlTRIEIJE ALL COt-~FONENTS FI\Ok FILn <Y OR In: 

\. NAME COMPONENT TO 8e RETRIEVED (RETURN TO END): 

,'-

; .... 

\~ 

*CCliPONENT ,1 IS HYDROG'EN CHLOKIDE 

NAME COHPONENT TO EE RETRICIJED (RETlJRN TO END): . 
* CO 1'\P 0 Ii E In 2 I seE N ZEN E 

NAI'~E COHPCNENT TC Be RETRIEVED (RETURN TO END): 
*COMflONENT. 3 IS CHLOROJENZENE' 

NAME COttPONfNT TC BE RETRIEVED (R£TURN TO END>: 
*COMPCNEIiT· 4'IS \1iATER ' 

NAI'!E COt\PCNENT T02E RETRIEV.ED (RETURN TO' END): 
LI8RARY .15 REDEFINED~ SYSTEM IS UNDEFINED. 

PROC EDUR ES: 
1'~"VALUE 
2~EHTHALfY 
3.p HA SE 
.4~FLASH· 

S:.A as EI>I'I 
6.H CCAS E 

7. SHTCtJT 
S~ CO LU:1t4 
9.CERDA 

1 c. CO LC ST 
21. HE: x 
22. Ex T 

SELECT PROCEDURE: 

11.RETREV 
12.SYSrEM 
13.DEFINE 
14.STORE 
1S~ACTFIT 

SYSTEM - DEFINE COMPONErlTS IN SYSTEi'l, 

~ODELS FO" VAPOr. EtiTH .... LPY HIJ: 
1. IDEAL SOLUTION OF PERFECT G~SES. 

17.HELP 
18.STOP 
19.THtE AND DATE 

2 .. RESIDUAL l:NTH .. LPY FRCI1 VIRIAL EUUATION OF STATE. 
3. RESIDUAL ENTHALPY FRC~I REDLICH-KWONG E~UATION. 

MODELS FOIi LIQUID ENTHALPY HL: 
1. IDEAL SOLUTION OF SATURATED LIuUIOS. 
2. IDEAL SOLUTION WITH PRl:SSURE CORR!:CTION. 
3. EXCESS ENTHALPY FROM WILSON E~UATION. 
4. HSlDUAL ENTHALPY fF:O:~ Rt:DLICH-KIoiONG EQUATION. 

MODELS FOR VL£ CALCULATIONS: 
1. LI~UID: WILSON ACTIVITY;\IAPOk: VIRHL fllN OF STATE. 
2. PRAUSNITZ-CHUEH VEkSlOI'f OF REDLICH-KWONG EQUATION .. 
3., LIi.lUID: I!lEAL SOL.UTICN, ANTOINE E~UATION ; 

VAPOR: DALTON'S LAW. 

SELECT HOOELS FOR HV,HL,VLE ( BLANK THEN RETURN FOR 111>: 
SELf C1 CO/'!PONf.NTS <0 FOR HELP): 

CASE 6 Computer Output of Flowsheet (e) of Figure 4.2 
.(Flash unit is removed). 
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- ---:-----,,-- ----, -----
SELE CTE'D CO~iPCtlrNT$: 

"'".-------.. -.----.. -2~1_-.----.---

\...... 

'-

1. HYD ReGErI CHLUIU ilE. 
2." BENZENE 
3. CHLOI\ObENZErit. 

VAPOR EHTH."LPY: IDEAL !;OLUT!ON Of' PERFECT GASes. 
LIQuID £NTHALPY: IDEAL SOLUTION Of' SATURAT~D LIQUIDS. 
K-VALLlES: RAOULT'S LA...,. 

17 .H£LP 
18.STOP 

PROCEDUf!ES: 
1'I'K VHu E 
2.E NTHALPY 
3.PHASE 
4.FLASrl 

7.SHTCUT 
2. CO LU ,iN 
9.CERO", 

11.f1ETR£V 
12 2 SYSn:104 
13~OEf'WE 
14 .. S TO IH~ 
15.HTf'IT 

19.TItiE AND DAn 

5 ~A 8S F.O;1 
e".M CC At) E 

1 n. CO LC ST 
21.HEX 
22.EXT 

SELE CT PRCCE.DlJRl: 

ABS£D~ - GAS A8SCRPTION (EDMISTER rETHOO) 

T: 
T· 

A6SEDI'I HESULTS 
It = 326.370 
T8 = 401.330 

P = 2.170 
N- = 3 

I COiotPCN£;NT 
1. HYDRCGEtI 
2. SCHUNE 

LT = 1(;0.68 
V8 = lco.eli 

xTCI> 
CHLO RI .. reDO 

.CCf17 
3. CHLOfioaENZENE .9993 

RE PE AT? (y OR 

PRoe EOUkES: 
1 "KVALU:; 
2~ENTrlALPY 
3~PHASE 
4.FLASH 

" s.A DSEDM b.'" ce A8 E 

to: 

7.oSHTCUT 
a. co LUilN 
9. CERllA 

1 C. COLC ST 
21. ME x 
22. Ex T 

SHEer PROCEDURE: 

VT = 10 .. 255 
La = 190.43 

x 9 (I) 
.0011 
.2099 
.7889 

11.R!ZTRI::V 
12.HSTt:!'! 
13.DEFINE 
14.STOR!:: 
15.ACTFlT 

VTCI> 
.9541 
.0089 
.U37::1 

MCCABE - I'COE3E-THI£:L1; 8HP.RY DISTILLATION 

VB CI) 
.1000 
.4COO 
.S(lIJO 

17.HELP 
18.STOP 

xn<I> 
.99969 
.. 03479 
.. (10 376 

19.T"zIoIE AttD DAn 

'-. ... : 
T: 

/'iC CA BE INPUT PAR Ai, ET ER S 
RAT IO = 1.30 XI' = • 21 :]1 
ALP HA = 3.873 XD = .9975 

u = 1.UOO I' = 190.20 
ETA = 1.000· 0 = 4L-.056 

XIB(I) 
~u21 56 
.9977d 
.99998 



,.---.~ 

~ 

'-

\.., 

'--

l'IC CA aE RESULTS ---------------- ---------------- -21--8----------- -------
)(W = .UOu') 

IJ = 1 SO.1 4 
LB = 275.80 
'It! = 125 .. 74 

L = 85.681 IH = 9 
v = 1 25.74 lHl = 17 

REPEAT? (y OR N) : 

PROCEDURES: 
.1 .1< VA LU E 7.5tiTCUT 11.RCTRl::V 17.HELP 
2.ENTHALPY 8. CO LU'lN 1~.SYSTEfoI 18.STOP 
3.PHA5E q.CE.RDA 13.0ErIN~ 19.TI~E 
4.FLASH 1 c. COLC 5T 1".STU!?£ 
5·.A8SEO/4 21. HE )( 1s.ACTfIT 
b.~ CCA9 E 22. ,=xT 

SHE CT PRCCEDURE: 

SY ST EM - DEFitiE CO ~P Oli ENTS IN SYSTEr1 

~ODELS FOr. VAPOR E'ITHALPY Hv: 
1. IDEAL SOLUTION OF PEF.FECr- GASES. 
2. RESIOUAL ENTH~LPY FRO'l VIRBL CI.IUATION OF STATE. 
3. R~SIDUAL ENTHALPY FRC~ REDLICH-KwONG Ci..UATION. 

MODELS FOR LIQUID ENTHALPY HL: 
1. IDEAL SOLUTION OF SATURATED LIuUID5. 
2. ID~AL SOLUTION \>iITti PR£SSURC CORRECTION. 

. 3". E )( C E 5 S E H T HAL P Y FRO H 'II I L SON t QUA T ION. 
4. RESIDUAL ENTHALPY FRCH REDLICH-KwONG EUUATION. 

" 

MODELS FOR VLI:: OLCULATlOl\S: 

AN 0 

1. LIilU1D: WIlSO~ ACTIvITY;VAPOR: VIRIAL (UN OF STATE. 
2. PRAUSNlTZ-CHUEH V[;I{SION OF R~DLICH-KiolOHG EilUATION. 
3. lI~UID: IDE.AL SOLUTICN, ANTOINE E~UATION ; 

VAPOR: DALTON'S L.'W. 

DAn 

SELECT MODELS FOR HV,HL,VL!: ( BLANK THEN RETURWFOR 11 1): 
SElE"CT CO~POI't£'NTS (0 FOR helP): 

SHE CTED CO?!PONENTS: 
1. CHLOROBEtlZ(NE 
2. "'ATEI' 

VAPOR ENTHALPY: IDEAL SULuTION UF Pi::RFF.:CT GASES .. 
LIQUID EN1HALPY: IDEAL SOLUTION Of SATURATED LIQUIDS. 
K-VI.LUES: RAOUlT'S LAW .. 

PROC EDURES: 
1~I<VALuE 
2.ENTHALFY 
3"PHASE 
4~FLASH 
5 .... ABSED ... 
b."iCCA13E 

7.SHTCUT 
8. CO LUl\r~ 
9.ClRD." 

1 G. CO LC ST 
21.HI::X 
22. t;xr 

SELECT PRCCEDURE: 

HEAT E)(CHA~GtR CALCULATIO~ 

(NTER I~PUT PAf\AriETERS 

11.RETflEV 
12~SYSn:i'I 
13.DEFINE 
14~STOr.E. 

15.ACTFIT 

l' <TH1 ,TH2,TC1 ,TC2,N,HO,HDO,HDI,HI,DI,DO 
SL,NTP,PT,B,Y,D~,~COKP,KH,KC,VISH,VISC 

T ET A, FlAG,£ PS,S wC H, Sol CH 1, SWCH 2, CP L> 

i' : 

17 .HF.LP 
18.STOP 
19.TIl'IE AND DATE· 



\" 

" 

HEAT EXCriA~G~R RfSULTS 

UO= 503.5828 J/(~*~**2*K) 

A= 30.109 9t: ** 2 

L= SC4.43Sa ~1 

NT= 104 .. G 

015= 299.8245~11 

HI= 6205.6770 JI (S*,..**2*K) 

HO= 889.2119 JI {S*f<**2*1'0 

Tio/= 310. 3115K£LV I~ 

F= .9660 

clno= 56 .. 2673 KfLVI:-' 

REPEAT? ( Y OR N ) : 
'? S ystf.I'I IS 

PROCEDURES: 
1.l'I<VALIJE 
2;1:: NTHALPY 
3.P HA SE 
4.FLASH 
5."8SE0J4 
6~)oiCCAaE 

UNDEFINED 

7.SHTCUT 
8. CC LU<\N 
9. C~RDA 

10. CO LC ST 
21. H~ X 
22. EX T 

SELECT PRCCEOURE: 
PROGnAM IS STOPPED 

11.IiETREV 
12.SYSn:~ 
13.0EFltH 
14.STORE 
1S.ACTFlT 

17 .HELP 
113.STOP 
19.THIE AND DATE 

219 
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220 ---------------
11 
P UbOA T 
II 
HYOROGEN ChLORIDE 
BE~ ZE NE 
CHLORO~ENZEN£ 
WATER 

12 
113 
U010021)03 
5 
TT=326.37,18=401.33,P=2.17,LT=100.b8,VO=10Q.C,N=3, 
XT=O.,O.OOG6683,O.9C;,Yt;i=O.10,O.41.,O.50i . 
N 
6 
RATIO=1.3,ALPHA=3.878,U=1,ETA=1,XF=n.21nl,XD=Q.Q975,_ 
f=19j.2,O=40.C56i 
N 
12 
113 
OC300 4 
21 
TH1=425.9,lH2=321.88,TC1=2C;9.6,TC~=305.2,N=1,HO=1570,HDO=5UOu, 
H D I =1 666, ti 1 =6 5S 0, DI =1 6. 5, D 0=19, $ L =4.38, NT P= 2, PT =2 3.8, 
8=305,Y=4.76,OE=14,~COMP=4.69~,15.145,KH=.13U3,KC=.616, 
V ISH= .32, vIse=. oS,TET A=". ,G~, 
FLAG~1,EPS=.~1,SWCH=O,SUCH1=O,SWCH~=U,CPL=178.8,75.5i 

" 18 ... 
20.2U.09.UCLP, SU, P04 , :J.311t<LNS. 

c 

INPUT Data File of CASE 6. 



'-

221 -----------_._-_._--- ------ .-._-- - ----- ... -.-

OESP.AC 5.e (6-APR-Sn 

P R O~ EO U RE S : 
1 ... KVALUE 
Z·.E NTHALFY 
3 .• P HI. Sf: 
4.FLASH 
5,!~OSED" 
e.MCCAdE 

7. Sl1TCI1T 
E. CO LUIN 
9. CERDA 

1C. COLI: ST 
21.Hi:X 
22.ExT 

SE.LECT PRCCtOUR£: 

11.RCH£V 
12.SYSTU 
13.0EF!NC 
1ft.STORE 
15.ACTFIT 

17.f1fLP 
HS.STOP 
19.TIME A/'iO DATE. 

R£TREV - IiETRlEV: PHl'SICH CotlSTAI'tTS FROo1 DISK FILES 

ENTER NA~E OF FILE (~£TUi\N FOR PUBLIC OAH): 
TDATA WILL BE. RETRIF.V~D FROM FILl PUaOAT 

RE::TRIEVt ALL ('O~iPONENTS FROI'i FILE? (Y OR Ii): 

NAP.E CO~~PCNE.NT TO 61::: HT P. lEV ED (R~TURN TO n:O) : 
TC01iPONENT 1 IS HY DR OG EN CHLORIDE 

NAr4E Car'lPCNc~T TO c;c: 
~ .. RETRIEVED (r.ETLlRU TO Etl 0) : 

TCO~PO~~NT 2 IS 8E t;Z:r~ E 

tlJ. ME CO?'lPCN£NT TO eE I\::T n lEVED ( RE. TU H, TO EN 0) : 
TCOMPOilENT 3 IS CHLOR08!:NZ!:NF. 

NA/'IE coriPCN£NT TO BE RETRIEVED (RE. TU RI'I TO EN D) : 
T'COMP orlE:-iT 4 IS wA Tt: R 

NA~E CO~PCNfNT TO BE RETRlrVED (R~TURN TO END): 
LI8RARY IS ~EDEFINED. SYSTEM IS UND~FI~SO. 

PROC EDURES: 
1.'( VALU E 
2 .. t:tITHALPY 
3.PHASE 
4.FLASH 
5 • .t,SSEDM 
6~H CCABE 

7. SI1 TC UT 
8. COLudN 
9. Cc RO A 

1 C. COleST 
21. HEX 
22. C'XT 

SELECT PRCCEDU~E: 

11 .. R ETRE V 
12.SYSTO 
1:5 II D EF Hoi <; 
14.STllR£ 
1S~ACTFIT 

SYSTEi1 - DEFINE CO"'POrn':~TS IN SYSTEI'\ 

MODELS FOR vAPOR E,HHALPY HV: 
1. lOcAL SOLUTIOr.l OF PEkF£CT GAH""S. 

17.HElP 
18.STOP 
19.THiE AND DATE. 

2. R::SIDUAL ENTHALPY FROM VIRUL EQU.'TION OF STATE. 
3. RESBUAL £NTH"LPY FRO,4 REDL!CH-KWOf'1G EQLlATIOI1. 

~OOELS FOR LII.iUIO ENTH .. \LPY HL: 
1. IDE.AL SOLUTION OF SATURATED LIuUIDS. 
2. IDEAL SOLUTIOIi WITh PRESSUh:F. CORRF.CTION. 
3. EXCESS ENTH~LFY FROH WlLSOrt EuUATION .. 
4. RI:;SIDUAL ENTHALPY F'RO!1 REDL!CH-i<;.JOHG EQUATION. 

MODELS FOR HE OLCULATIONS: 
1. LIQUID: IoiILSON .\CTIVITY;VI\POR: "IRIAL EaN OF SHTE. 
2 .. PRAUSNITZ-CHUEH V;;RSIOtj OF REDLICH-K~JOtlG ~QUATION~ 
3. LI~LlID: IDEAL SOLUTICN, ANTOIN~ EQUATION; 

VAPOR: OALTcri'S LAW. 

SHECT i10DELS FOR HV,HL,VL{; ( I]lANK TH1Zt-l RETURN FOR 111>: 
SELECT CO"PON~NTS (C, Fon i1ELP): 

CASE 7 - Computer Output of the F1owsheet·(e) of Figure 4.2 
(Number of stages in the absorber is in~reased). 



~-----st. LE CT E 0 COh PO N(N-T-S-:- .--------

1., HYDRCGEN ChLORIDE 

-~ ----- -----~2b2 __ _ 

'-

2. BEHZEN!:. 
3. CIlLOhObEln~NE. 

VAPOR CNTH~LPY: IDEAL SOLUTION OF PERFECT GASES. 
LIQUID ENTHALPY: IDEAL SOLUTION Of SATURATED LIUUIDS. 
K-V"LUES: RAOULT'S L.'~' .. 

17.HfLP 
1o.STOP 

PROCEDURES: 
1.1< VALUE 
2.ENTHALPV 
3.P HA SE 
4~fLASH 

7. SH TC llT 
8 .. CO LUi~N 
q.CERDA 

11.RErr,(V 
12.SYSTL::1>C 
13.DEfINE 
14.STORE 
15.A CTfIT 

19.TI,.lE AND DAn 

5~" as ED ii 
o.PlCCAt3E 

10.COLCST 
21. HO 
22.E)(T 

SHE CT P ROCE DU RE :. 

ABSEDH - GAS ABSORPTION (ED~ISTER ~ETHOD) 

T: 

A13SEDH RI:SULTS 
TTo = 326.37Q 
TB = 401.330 

P = 2.170 
N' = 6 

I COMPONENT 
1. HYDROGEN 
2. 8 EIHENE 

LT = 1CC.68 
'18 = 1{;n.ou 

XT(!)' 
CH LO RI • f.CnQ 

.cee7 
3. CHLOROBENZENE .9993 

REPE AT? (Y OR 

PROCEDURES: 
1.J< VALOE " 
2.ENTHAlPY 
3.P HA S~ 
4".FLASH 
5.ABSEDl1 
0'.1'1 CCAB E 

N) : 

7. SfiTCUT 
8. CO LU:11'i 
S.CERDA 

10.COLCST 
21. HE X 
22. EX T 

SELECT PROCeDURE: 

'IT = 1 G .161 
LI3 = 19'1.52 

X[J(I) 

• JI] 11 
.. 2103 
.7880 

11.RETR£V 
12. S YS TC~ 
B.DEfINE 
14.STORE 
15.A CTFIT 

YT (I) 

.9629 
• ore 3 
.0369 

KCCASE - flCCA8E-THIHE 6Ill.'RY DISTILLATION 

Y8 (I) 

~1COl) 
.4(100 
.5 GO G 

17 .HeLP 
H.STOP 

X IT (1) 

1. DuOls!) 
.0344 d 
.OU3}2 

19.TIME AND !>ATE 

ENTER INPUT PARA!'4EHRS (RATIO,ALPHA,Q, (TA ,XF,XD,F,D; ) 

... : 
T: 

It,CCA 8e: INPUT PARMd:TER'i 
RAT 10 = 1.3Q XF = .21 \15 
ALP HA = 3.878 XD = .9975 

Q = 1 ~OOO F = 190.31 
ETA = 1. U 00 0 = 4(;.056 

XIS(!) 
.02162 .. 
.99999 

1.L(lCJOO 



,-

MC C .... BE 
.XW 

'II 
L 

" 

RESULTS 
:: • uOu 7 
:: 1 5u.2 5 
:: ~ 5.505 
:: 125.56 

Lt3 
II 8 :: 
t. T :: 
/\ 6 = 

REPE AT? (y OR N): 

7. SH TC LIT 
8. CO LU ~lN 

275.82 
125.56 

'j 

11 

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

17 .HE'lP 
18.STOP 

-----2-23- --- - ------

PROCEDURES: 
l'"ICVALUE 
2~E NTHA LFY 
3.PHASE 
4"FLASH 
5.Io.BSED14 

9. Ct:RDA 

11.RETRU 
12.SYHE..1d 
13.D£FII't'! 
14.:iTORE. 
15.ACTFIT 

19. T I1~ t AN 0 DA TE 
1 G. CO LC 5T 
21. HI: X 

6 •. " CCA!) E 22. EX T 

SELECT PROCEDURE: 

SYSTErt - DEFINE COJoiPON~NTS IN SYSTEI'i 

~ODELS FOR VAPOR ENTHALPY HIJ: 
1. IDEAL SOLUTION OF P:KFECT G.~SES .. 
2. RESIDUAL ENTHALPY FRC!-1 VtRIAL f:.QU.HION OF ST.4.TE. 
3;. RESIDUAL ENTHALPY FRCM REDL!CH-K\iO~G (UUATlON. 

I-1ODELS FOR L!uUID EI1THa.LPY HL: 
1. IDEH SOLUTION OF SATURATED L!uUIDS. 
2. IDUL SOLUTIO" wITH FRt:SSURE CORRECTION. 
3. EXCFSS ENTHALPY FRO/:. IHLSOr. E:uUATIOH. 
4. RESIDUAL ENTHALPY FRO:-1 REDLICH-KwCHG ~\OUATlON. 
'!'Oo, . 

I"IODELS FOR VLE CALCULATlCtlS: 
1. LIQUlD: ilILSON ACTIVITYill,'POR; "lRIAL E'lN OF STATr:. 
2. PRAUSNITZ.-CHUEH V!::RSION OF Rt:DLlCH-K:.lONG FQUATION. 
3. LI~UlD: IDEAL SOLUTICN, ANTOINE EQUATION; 

VAPOR: DALTOIl·S LA\I. 

SELECT HODELS FOR 1i",HL,VU: ( EUt/1< THEN RF.TURN FOR 1 1 1): 
SELECT COl"PONENTS (l, FOR HELP): 

SELECTED CCI1FONENTS: 
1. CHLORoeENZE~E 
2. \oIATER 

VAPOR ENTH.t.LPY:- !DEAL 5CLUT!Orl OF PERFF.CT GASES. 
LIYUID ENTHALPY: IDEAL SOLUTION OF SATUR'TED LIQUIDS. 
K-VALUES: RAOuLT·S LAW D 

PROCEDURES: 
1.I<VALUE 
2.ENTHALFY 
3~PHASE 
4.F LA SH 
5 .... 8SED/'1 
6'."1 CCAUE 

7 .. SH TC LIT 
~. COLU·It; 
9.CERDA 

1 C. CO LC ST 
21.HU 
22. EX T 

SELECT PRCCt;OuRE: 

HEAT EXCHHGEI! CALCUL,\T rON 

11 .. RETRE.V 
12.SYSH."l 
13.DEFINE 
14.STOP.l 
15 .. ACTFIT 

ENTER 1 NPUl PAR AIHTER S 
+(TH1,TH2,TC1,TC2,N,HO,rl"DO,HOI,HI,OI,DO 

+" 
+: 
+ " 
+ • 

+ : 

S L, NT P, P T , 8 , Y , DE, HC 01', P, K H, K C, VI SH , V IS C 
TET A, FLAG,~ PS,S liC H, S~ eH 1 ,SIoI CH 2, CP l) 

17.HCLP 
18.STOP 
19.TII'lE AND DAn 



~--~-----~--------- ---.-----.. ------- -- -. ·--2·24---- ------

\..... HEAT .tXCHAr.Gt:R RE.SULTS 

L= 504.7158 ~ 

NT= 1 C4.0 

DIS= 299.824S~~ 

Tw= 310.~146KELVIN 

F= .960;: 

CMTO= 56.207~ KrLVI~ 

REP EA T'? ( Y 0 R N ): 
? SYSTf.~ IS lJNDEFIriED 

PROCEDURES: 
1.~KVALUE 
2.E NTHALPY 
3~PHASE. 
4.F LA SH 
5'.A 8S EO M 
6."IC0[31: 

7. SH TC UT 
8. CO LU i~N 
~. CE ;~O.-\ 

1 C. CO LC ST 
21. He x 
2 2.~)( T 

S£:LECT PRCCEOURE.: 
PROGRAH IS STOPPED 

11~RETRE.V 
12.SYST~!i 
13.DEfINE 
14.STORC • 
15.t;cTFIT 

17 .HELP 
18.STOP 
19. TI H E AN D DA n. 



""" 11. 
PUB DII T 
N 

""" HYDROGEN CHLORIDE 
BElIZE ~£ 
CHLORO:3EIlZENE 
WAr ER 

12 
\..... 113 

001('02003 
5 

L TT=326.37,Ta=4L1.33,P=2.17,Lr=1Cu.ba,v8=10~.U,N=b, 
xT=O.,O.OCC6683,G~99,Yb=U.10,O.4u,u.sa; 
N 
b 
RATIO=1.3,ALPHA=3.H7S,~=1,ETA=1,Xf=C.21a53,xo=G.9975, 
f=19J.31,o=4U.056; . 
N 
12 
113 
(J0300 4 
21 
TH1=425.9,lH2=321.83,TC1=299.6,TC2=3J5.2,~=1,~Q=157C,HOO=5QCu, 
HOI =1 666, H 1=6 5S 0,01 =1 6.5, c C=l 9, SL =4.88, lIT P= 2, PT =2 3. ~, 
B=305,Y=4.76,OE=14,"COHP=4.6978,15.i45'~H=.13Q~,KC=.616, 
vISH= .32, vlSC=.85,rEl.l\=r).,(j., 
fLAG=1,EPS=.~1,SWCH=0,S~CH1=O,SWCH2=O,CPL=178.8,75.5; 
Ii 
18 
2C.23.12.uCLP, au, PG4, 8.311KLHS. 

• 
INPUT Data File of CASE 7. 
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l..-

~! ' 

\.; 

, 1..-. 

'\.. 

'-

------_._-_._ .. _-' -- - .-- --

DE SP AC 5. e (6-APR-31 ) 

P ROC F. 0 U RE 5: : 
1.'( VALU E 7.S/HCUT 
2-.ENTHALPY 8. CU LU rlN 
3.P HA SE t;.CE~O,~ 

4~F LASH 1C.COLCST 
5J'ABSEO'1 21. HI::)( 
6."1CCA8E 2 2. F.:X T 

SHE CT P ROCE OU RE: 

11wHCTREv 
12.S YSH.!o\ 
B.DEFIt-.E 
14.STO?£ 
1).ACTFIT 

17.IiELP 
H.STOP 
19.TIflE AND DAn 

RETREIJ - RETRIEVE PHYSICAL COliSTMITS F,10:-: DISK FILfS 

ENTER NAME OF fILE (RETURN fO~ PUBLIC DATA): 
TOATA WILL 8E HETRIEVED FRC~ fILL PU60AT 

RETR lEV!; ALL CO~FONI,;NT'.) FRon FILE? (Y Ort In: 

NAtJ:E C 0;-1 F CNt: leT TO 9L Rf:TRIEVED (RETURN TO ::11 D) : 
TCOt':POHEMT 1 IS HYDROli::rt CHLOR IO!; 

NAKE COi'1PCNENT TO ae: RETRIEVED (RE TU Rill TO END) : 
T CO!-i? ON flIT 2 IS EE HZ,EIi E 

NAME COIIPCNUiT TO Be:: ;,ETnrV!?D (RETURI'i TO EN D) : 
TCOtlPONEIiT 3 IS CHLOROSE.NZrfH: 

NAl'!~ COf-! peNE NT TC BE RETRlEVED (Rt.TURf'.i TO EN 0) : 
T CO/olP Oi'iEi'iT 4 1 S lolA TER 

NAI'4E, COr\PCNUiT TC BE RETRlr:vro (RnURr~ TO E11D): 
LIBRARY IS REDEfINED. SYST~h IS UNDEFINED. 

P R ac EO UR E S: 
1.,(VALUE 
2~CtITHALP'f 
3.P HA SI; 
4.FLASH 
5.ABSED!-1 
6." CCAS E 

7.·SHTCUT 
8. co Ll1ltr .. 
9.CLRD" 

1 O. COLC ST 
21.HEJ( 
22. EX T 

SELeCT PROCEDURE;: 

11.RETREV 
12.$YSTE)I 
13.0EFrt.E 
14.STOP.E 
15.ACTFIT 

SYSTEM - DEFINE COfOPO:i:::flTS IN SYSTEt-i 

MODELS fOR VAPOR ENTHf.LPY IiV: 
1.' IDEAL SOLUTION OF P£RfECT GASES. 

17.HfLP 
18.STOP 
19.TH~E AND DAn 

2. RESIDUAL EI'iTH,\LPY ff<CM VIRIAL CQU,4TION OF STAH.. 
3. RfSIDU,U ENTHALPY f1~Cf~ REDLICH-K'''{ONG EQUATION. 

/liODl:LS fOf\ LII.lUID fNTHO\LPY HL: 
1. IDEAL SOLUTION Of SATURATED LIllUIOS. 
2. ·IDEAL'SOLUTION WITH PRESSURE CORRECTION. 
3. EXCESS ENTHALPY fqOr~ WILSON Ci.lUATICfi .. 
1,. R~SIDUAl ENTH~L?YFRO'i R£DLlCH-KioICf,G r.YUATION. 

HODELS fOR VLE. CALCULATIONS: 
1. LIQUID: wILSON ACTlVITY;VAPIJI\: V!RIAL EilN Of STATE. 
2. PRAU~~UTZ-CHUEI1 vEliSION OF REDLICH-KwOtIG EI1UATlOI4. 
3. LIQUIP: IDlAl SOLUTION, ANTOINE EQUATION; 

V'-POR: DAL10N'S LAw. 

SELECT :10DELS FOR HV,HL,VlF. ( El.'.NI< THEN kfTURN fOR 111>: 
SELECT COI'PONt;NTS <0 F')R I1L!LP): 

CASE 8 - Computer Output of the Flowsheet (e) of'Figure 4.2 
(Solvent flow rate is increased). 
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.~ 

SHE CTEO COHPci,~Et'-TS:--------- --- -----

1. HYDRCGEN CHLORlDE. 
2. i3ENZENE 
3. C HL OROO EN ZE NE 

VAPOR ENTHALPY: IDEAL 50LUTIOti OF PERFECT GASES. 
LIQUID EN1HALPY: IDEAL SOLUTION OF SATUK~TED LIYUIDS. 
I<-VALUES: RAOULT'S L~~.' 

7. SHTCtJT 17 .HtLP 
18.STOP 

PROCEDURES: 
1.KVALU( 
2'"ENTHALPY 
3.PHASE 

8. COLU/IN 
9.C!:::nDA 

11.I<ETREV 
12.SYSH~ 
13.DEFINE 
14.STORl 
15.ACHIT 

19.TII'IE AND DATE 
4'~F LA ~H 
5~" B5 ED t~ 
o~I'ICCAaE 

1 fl. CO LC 5T 
21.HE;( 
22. EX T 

SELECT PROC~DUR:;: 

ABSED~ - GAS ABSORPTION ([D~ISTiR ~lTriaC) 

i' : 

+ : 

ABSEDH RESULTS 
TT = 326.370 
Ta""= 401.33 a 

P = 2.170 
N = 3 

I CQi~ PONE NT 
·1. HYDRCGi:.N 
2. a EN ZEr;E 

L T = 110.68 
Vb = 1l.J.1.n.u 

X T <I) 
CHLORI • ceDO 

.OC(\7 
3.' CHLOIiOSENZE.NE .. 9993 

REPE AT? (y OR 

PROCEDURES: 
1 .K VA LU E 

, 2.E NT HA LPY 
3'.P HA SE 
4.FLASH 
5.A as EO ~ 
6'.~ CC ,'9 E 

N) : 

7.SHTCIJT 
8.COLU;lN 
9 .. CERDA 

1 C. COLC 5T 
Z 1. Htx 
2'2.r:XT 

SELECT PRCC£DURE: 

VT = 10 .. ~16 
LO = 201).40 

Jr.dCI ) 

.. Clw 12 

.1995 

.7993 

11.RETPi:V 
12.SYSTi.::;~ 

13.0 E F Itl E 
14.STORE 
15.ACHIT 

nc!) 
.9562 
.0072 
.0366 

~CCA8E - PI.CCA8E-THIELE. 6Ir-.ARY DISTILLATION 

YB(l) 
.HUn. 
.4('00 
.5 COO 

17 .11~LP 
18.5TOP 

XIT(I) 
.99961 
.03091 
• OU33 8 

19.TIME AND DATE 

ENTER INPUT PAR"'~E.TE.P.S CRATIO,ALPHA,Q, ETA ,XF,XD,F,D; J 

.. : 
+ : 

MC C~ BE 
RAT 10 
ALP HA 

Q 

ETA 

INPUT PAR""'ETER5 
= 1.30 
= 3.878 
= 1.(jCfJ 
= 1. (j 00 

XF = • 19';8 
XD = .9975 

F = 2{;'J .. 22 
D = 4G.056 
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XIB<I) 
.02316 
.998 22 
.99999 



\.I 

I.,., 

~CC~8E RESULTS 
X~ = .OOU 3 

W = 160.16 
L = 90.112 
IJ = 1 "30.1 7 

R E PE AT? (Y 0 R N): 

LE 
VB • NT 
NS 

= 
= 
= 
= 

2'1'J .. 33 
13(1.17 

9 
13 

17.H!':LP 
18.STOP 

------- --- -228------- - - ---

PROCEOURES: 
1 p KVALUE 
2~ENTHALPY 
3:.PHASE 
4~FLASri 

7.SHTCUT 
8.COLUI1N 
9.CEROA 

11 .R ETREV 
1Z.SYSH~ 
13.DEFINE 
14.STORL 
15.,1. CHIT 

1 9 • T HI E AI~ D DATE 

5~A as EO M 
6.!'t CC All E 

1 G .. CO LC ST 
21. HE x 
22. EXT 

SHECT PRCCEDUR~: 

SYSTE,~ - OEFII1E COI'PONEt-.TS IN SYSHI'I 

:10DELS FOI\ V,I.POR ENTHhLPY HV: 
1. IDl:AL SOLUTION OF PEUI:CT G,~SES. 
2. R::SIDUAL ENTH~LPY FRC'" VIRUL (,"UHION OF STATE. 
3. RESIDUAL ENTHALPY FROM REDLICH-KlJCNG EUUATION. 

I'!ODELS FO!' LIc.UIO ENTHALPY Hl: 
1. IDEAL SOLUlION OF SATURATEt> LIQVIDS. 
2. 'IDEAL SOLUTIOI{ WITH PR~SSURE CORRJ:;CTION. 
3. E,l(CESS ENTH,~LPY FROr-: IJILSOt4 EQUATION. 
4. RESIOUAL ENTHALPY FROri REDLICH-KwONG EQUATION • ..,. 

I'IODELS FOR VLE OLCULATIOhS: 
1. LI~UIO: WILSOt; ,'CTIVlT'1;IJAPO": VIP-tAL EQN OF STATE. 
2. PRAUSNITZ-CHUf.;H veRSION OF REOLICH-K;;ONG E(,;UATION~ 
3. LI>lUIO: IDEAL SOLUTICN, ANTOINE t;QUATION ; 

VAPOR: DALTON'S L~W. 

SELECT HOOELS FOR IfV,HL,VLE ( ELANK THEN RnURN fOR 111): 
SELECT COtlPONE.NTS (li fOR tiELP): 

SELECTED COIiPONENTS: 
1. CHLOROBEN ZENE 
2. IIAT E R 

VAPOR F.~THALPY: IDEAL SOLUTION Of PERFECT GASES. 
LIQuID ENTHALPY: IDEAL SOLUTION OF SATURATED LIQUIDS. 
K-VALLJES: RAOULT'S L~W. 

PR,OC EOUR t:S: 
1"KVALUE 
2.ENTHALPY 
3 _.p HA 5E 
4.FLASH 
5~A8SEOM 
6.11 CCAB E 

7. SH Te VT 
s. CO LU 'II~ 
9.C(;RD:\ 

1fJ.coLeST 
21. HEX 
22. EX T 

SELECT PROCEDURE: 

HEAT EXCHA~GER CALCULATION 

ENTER INPUT PARAf'tETHS 

11.RETREV 
12.~YSTE:" 
13.DEFINF. 
14 c STORC 
15 .. ACTFIT 

T <T Hl , T It 2 , T C1 , T C 2 ,It, H 0, !1D 0 , HOI, HI, 0 I, 00 

T: 

... : .... 

S L, NT p, P T ,8, Y ,0 E, '1C Otl P, KH, K C, v I 5H, V IS C 
T ET A, FL A G,E PS,S WC If, 510 CH 1 ,S 101 CH 2, CP L) 

H.HElP 
18.STOP 
19.TIME AND DATE 

.! : 



...... HEAT EXCHAr-.GER RESULTS 

, '- UD= 5Q8.146u J I < S * I~ * * 2 * K ) 

A= 31.8165tl**~ 

L= 533.027.1 !1 

NT= 110.0 

DI S= 307.2(; 84 iU1 

HI = 5933.3736 J/(S*,.**2*IO 

HO= 9G8.8C53 J/ <S*I'**2*,O 

T\rI= 310. 79281<£ LV I r, 

F= .966 t1 

CI1TO= 56.2678 "ELVIN 

REP EA T? ( Y 0 R N ): 
? SYSTE" IS UNDEFINED 

PROCEDlJRES: 
11'1< VALUE 
2.E:: NTHALFY 
3~P HASE 
4.F LA SH 
5.ABSEDI"I 
6.~ eCAS E 

7.SHTCUT 
8. CO Lu.1N 
9. CERDA 

1 C. CO LC 5T 
21. HEJ< 
22.EXT 

SELECT PROCEDURE: 
PROGRAM IS STOPPED 

• 

11.RETR£V 
1C!.SYSTE~ 
13.0EFINE 
14.STORE 
15.AeTFIT 

17.HELP 
18.STOP 
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19.TI/'\E AND DATE 



'. 

230 ----------- -_.- _.- --_.-------- _.---------------- ----.----
11 
PUBO~ T 
N 
HYDROGEN CHLORIDE 
BENZENE 
CHLOROI:3ENZLNE 
WATER 

12 
113 
001002003 
5 
TT=326.37,1~=401.!3,P=2.17,LT=110ao8,va=100.0,N=3, 
XT=O.,O~OOC6683,O.99,YB=O.1~,n.40,U.SO; 
N 
6 
RATIO =1 ~3 ,ALP H" =3 ~8 78,1l =1, ETA =1,'1. F=O.19 98,X D=D. 9975, 
F=200.218,o=40.056i 
N 
1 2 
113 
0030) 4 
21 
T Hl =4 25.9,1 H2 =3 21 • S g, TC 1 = 2 ~ ~. 6, T C 2= 3U 5. 2, N= 1, HG =1 57 C, HD 0= 51.1 ou, 
Ii 01 =1 666, HI =055 (), 0 1=1 6 .. 5, D 0=1 9, S L =4 .88, tH P=?, PT =2 3.8, 
6 =3 as , Y =4 .76, DE =1 4, ~C 0.'" P= 5 • '1U 5,15.1 45,1( H=.1 3u 8, I<C =.616, 
VISH=~32,VlSC=.85,TET,'=:J.,C~, , 
F LA G= 1, EP S =. U 1, sw CH =(;, S ~C H 1 =("S WC H2 =(j, C PL =1 78.8,75.5; 
N '> 

1 B 
20.27~34.UCLP, su, Ft4 , Cl.311KLNS. 

• 
INPUT Data File of CASE 8. 



DESPAC S.c (c-APFi-~1) 

f R OC ED U ReS: 
1.KvAlUE 
2,jEttTHALFY 
3.PHASZ 

7.SHTCUT 
I!.COLU:"IN 
Ii. C E R {)., 

11.RETRE'4 
1i::.SYSTO 
13.DEFINE 
14.5TOR( 
15.ACTFIT 

17 .MELP 
18.STOP 
19.TWE AND CATE 

4 '.F LAS H 
5',AESEO/o 
6.MCCAse 

1C.COLCST 
21.H.,l( 
22.EXT 

SELECT PRCCEDURE: 

RETREV - I\EHIEVE FttYSICAL CCt;SHNTS HOrt DISI< FILES 

ENTER t.AI'E Of FILE. (RETURtt FCR FU8LlC DATA): 
.CATA WILL dE RETRIEvEC F~C~ FILE PLBDAl 

RETRIEVt; ,ILL CCMFOflHTS HO.>! FILE'? <Y CR to: 

ttAME CC'1FCNHT TO EE RETRIEVED (RETURN TC EN 0) : 
~CO"PCNENT 1 IS HYCROG~N CHLoR ICE 

I\AliE CCI'iFCNHT TC 6e RETRIEVED (RETU Rt-; TO I.:N O) : 
• CO,..P CN Ein 2 IS EHZENE 

/1,l!Jc C c~, P ChEhT TC EE RETRIEVED (RETUI\N TC EN D) : 
.COMPCIlEf~T 3 IS CHLoROSel\lENE 

ttA/AE· CQIHChE/\T TC H RETRIEVED (RETURN TO Ell D) : 
~ CO I'IP C ~I e 'n 4 IS IIAll:R 

IoAftE" CC,1FCNE/ll TO eE RETRIEVED <RETURN TO END>: 
LIBRARY IS RECfFINED. SYSTE~ IS UNDEFINED. 

FF,CCEDWRES: 
1".K:VALUE 
2.E I\THALFY 
3.P HA SE 
41'FLASH 
5.A6SED" 
6.I'ICCA8E 

7. SHlCUT 
8.COLu;-\N 
Cj. CERDA 

11.REH:E~ 
12~SYSTEfi 
13.0 EF 1fl E 
14.STORE 
15.ACTFlT 

17 .HELP 
la.STOP 
19.TII'IE AND DATE 

1C.COLCST 
21 • .,E ,l( 
22.Exl 

• SELECT PRCCEIlURE: 

S Y ST E 11 - C E FIN E C 0 ~ p a Ii :; N lSI N S Y S T E f"I 

flODELS FO \I.APCR EHHALPY HV: 
1. IDE'H SCLUTIOr. CF PEIiF~CT GASES. 
2. RFSICUAL ENTH~LPY FRCM VIRIAL EQUATION OF STATE. 
3. RESICUAL ENTH~LPY FRCM REDLICH-KWCNG EUUATIC~. 

ilOCI:LS Fa!' LIQUID Er;THI\lF'l' HL: 
1. IDEAL SCLUTIOr. CF SATURATED LIQUIDS. 
2. IDEAL SCLUTIOh ~IlH FRESSUR( CORRECTICN. 
3. EXCESS ENlH,\LFY FRO/' \tiIlSCN EUUATION. 
4. RESICUAL ENTH~LFY F"CM RECLIC~-KWCNG EQUATICN. 

~CDELS Fa" VL£ CALCULATIC/I$: 
1. LIilUID: IoIILSO/\ ACllVlTYiVAPCI\: VIRIAL EQN OF STATE. 
2. PRAUSNIlZ-CHUEH Vi:RSIO''I OF Rt:CLICH-KWCNG EQUATICN. 
3. LIQUID: ICE,IL SOLUTICN, ""lCINE EQUHION ; 

VAPCR: CALlON'S L~W. 

SELECT MCCELS FOR t-V,HL,vLE ( ELANK: THEN RETURN FOR 111>: 
SELe CT CC/'FOH,hTS <u FOR Hl.P): 

Computer Output of the F10wsheet (a) of Fi~ure 4.2 • 
• 
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SELECTED CO~FOh[hTS: 

1. HYDRCGH CHLonDE 
2. t3 EN Z Ell E 
3. C H L C J; C [3 E to; Z LfI [ 

VAPOR EN1~ALFY: IDEAL SOL~TION OF PERFECl GASlS. 
LIGUID EhlHALPY: It[~L SOLUTION CF SATUR4TED Lla~IDS. 
"-VALUES: RACUL1'S l.~w .. 

17.HELP 
18.Sl0P 

FRCCEDURE5: 
1;KVALUE 
2.EIITHALFY 
3'.PI1ASE 
4'.FLASH 
S'.AESEDI' 
6'./01 CCAB E ' 

7.SH1CUT 
i!.COLU!1N 
9.URDA 

11.RETRE\ 
12.SYS10 
13.DEFINE 
14.S10H 
15.ACTFIl 

1Q .THIE AND DATE 
1C.COLCST 
21. hE X 
22. Ex 1 

SELECT PRCCEDURE: 

UFLASH CALCUL~TIOIIS 

SELECT TYFE CF FLASH: 

91.FQ 2.TO 3.CV 4.TV 5.PV c.TP 7.ENlHALFY b.DONE 
ENTER INFL1 FARAI'ElERS 

9(T,P,Z,(GLES5,X,Y,\o); ) 

9 : . '." 

FLASH RE S LL 15 
HF = 4",9Hlt04 T = 405.2eD 
HL = 3.i69i!lt04 P = 2.3EC 
HII = 4.f2HEt1l4 V = • 4C; c3 

I COP/POENl X (l) Y <l) HI) 
1 • HYDROHN ChLCRI .OC19 '.1<195 .1 CO () 
2'. SE"Z E H ~3C(6 .5009 .4cac 
3. CHLO R CEHlEN E ~6S75 .ZC;9t ~5Ct.lC 

REPEAT'?OO~N): 
91.Pa 2.TG 3.cv 4.T~ 5.PV t.TP 7.E~THALFY S.DONE 

EN TE Ii IN Fl: T FAR Aft E lE R S 
9(T,P,Z,HF,(GL~SS,X,Y,V) ; 

9 : 

FLAS H RESLLTS 
I1F = 4.'91H.04 
i'lL = 3.7e9c[t(;4 
HV = 4.E21tEtG4 

Q = 9.tS15t-02 

I COIIP OEN 1 
1. HYDRCHN CHLCRl 
2,. EEt-.ZEIIE 
3. CHLORC6U.ZH~E 

R E PE AT'? n 0 1\ N): 

T = 
p = 
V = 

X (1) 

'~(jC19 
.3eCt; 
.6975 

405.2Cu 
2.3cU 
.49{;3 

Y <I) 
.1995 
.5C09 
.2996 

Z <I} 
.HOr) 
.4 CO (i 
.5CUO 

91.F~ 2.TC 3.~v 4.T~ 5MPV t.TP 7.ENTHALFY 8.DONE 
E~lER I~IFLT FAli/lilElLl\S 

9<T,P,Z,(GLESS,lt,y, \/) ; 

X I< 1> 
" 99[4 
.6215 
.2974 

x I( 1) 

.9904 

.{;215 
• ,974 

I< (I> 

104.2 
1.e6t 
.4295 

KU) 
104.2 
1.6oc 
.4295 
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-t : 

FLAS H RESLLTS 
HF = ~.7(]25E-t04 
HL = 4.CC03E-tC4 
HV = 3.5794E-t04 

I COfolP OHN 1 
1. HYDRCGEN CHLCRI 
2". EEhZE/lE 
3. CHLORCEOZENE 

prFEAT'? (y OR r.): 

T = 
P = 
V = 
x ( I) 

.0 C 31 

.4159 

.5(!10 

394.100 
2.3cv 
.7lJ75 

Y (1) 

.2 E07 
~5361 
.1 E3 2 

HI> 
.1 '195 
.SCU<i 
.2<i96 

x HI) 

.9955 

.7571 

.4326 

-t1.FQ 2.T~ 3.'V 4.T~ 5.FV t.TP 7.EhlH~LFY 8.DONE 
ENTER INFLT FARA~E1ERS 

+<T,P,Z,HF,{GLESS,X,Y,IJ) ; 

+ : 

FLAS H RESlLTS 
HF = 3.i025E-tC4 
HL = 4.(:]17E. .. (l4 
HV = 3.5867E+04 

IJ = 4.7cBEE+01 

I CO~IPCt.ENl 

1: HYDRCGEN CHLCPI 
2. EEt.ZEr.E 
3. CH LC R (i:E "ZENE 

R E PE AT'? (y 0 1\ I'd: 

T = 
P = 
V = 

x (I) 

,0031 
.41 f 3 
~SH6 

594.1 ;:U 
2 .. 3W 
.70 <i4 

YCZ) 
.2EJ3 
.5':00 
.1 ~31 

HI> 
.1 C;9S 
.5016 
~2986 

x I( 1) 

.9955 

.75t9 

.USC 

+1.PQ 2.TC 3.~v 4.T~ 5.PV f.TP 7.ENTHALFY a,oONE :. 

17 .HELP 
18.STOP 
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KCl) 
91.42 
1.28«1 
.3153 

I< CZ ) 
91 .t, 2 
1.28«1 
.3153 

FRee ED U R E ~ : 
"~K VA LU E 
2.E NTHALFY 
3.PHASE 
4.FLASH 
5.A8SEOJ'C 
6.I1CCABE 

7. ~HTCUT 
E.COLU1N 
C; .. C (1\ D.' 

11.HTRU 
12.SYSTE'" 
13.DHINE 
1t,.STCRE 
15.ACTFIT 

19.TIME AND DATE 
H .. COLC 5T 
21.hEX 
2'.EXT 

SELeCT P~CC~CURE: 
FRCGItA!' IS STOFPED 



I"",.,: 11 
Pt:8 DA T 
N 
HYDROGEN Cl-LOliIDE 
8ENZEt\E 
CHLCRCaENZENc 
WATER 

12 
113 
OC1 CO 20C3 
4 
7 
T=4G5 .2,P=2.3E, Z=1C,4G, 3Gi 
N 
6 

---------

T = 4 05 • 2 , P = ~ .3 E, Z = 1 0 ,4 G, 3 C , I- F = 42 Sic; 
r, 
7 

N .• 
6 
T =:3 94 • 1 , P = ;: • 3 e, Z = S. SO 2, 24 • e 6 2 ,1 4. i!, H F = 3 7 u 2 5 i 
N ~., 

8 
18 
1E.43.1S.UCLP, EU, Fu~ , C.241KLNS. 

, 

INPUT Data File for Flowsheet (a) of Figure 4.2. 
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The input data required for the process f16wshe~t deve1op-· 

ment example is obtained from FLOWTRAN [15]. 

ABSORBER UNIT: 

The temperature at the top of the absorber = 128°F (326.37°K) 

The temperature at the bottom of the absorber = '263°F (401.33°K) 

Pressure = 32 psia (2.17 bar) 

Solvent used in the absorber = Mainly MCB 

Flowrate of solvent = 100.68 kmol/h 

Composition of the solvent = 0.067281 kmo1/h of benzene 

100.61 kmol/h MCB 

Number of theoretical stages = 3 

DISTILLATION UNIT: 

Distillate rate = 40.056 kmol/h 

Bottom product rate = 150.26 kmol/h 



Column pressure = 25 psia (1.7 bar) 

Number of theoretical stages = 20 
. 

Quality of feed = 1 (saturated liquid) 

HEAT' EXCHANGER: 

Hot stream inlet temperature = 307.36°F (425.9°K) 

Hot stream outlet-temperature = 120°F (321.88°K) 

Cooling fluid = water 

Cold stream inlet temperature = 80°F (299.6°K) 

Cold stream outlet temperature =90°F (305.2°K) 
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