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ABSTRACT

An interactive design calculation package (DESPAC), prepared
under the direction of Prof. A. Westerberg at Carnegie-Me]]on.Univer-
sity, contains flash, distillation and absorption routines. In this
study DESPAC was firstly modified from the DEC-20 computer system to
the CDC Cyber 170/815 comquer system and then expanded by adding the
multicomponent liquid-1liquid extraction and the‘she11-and-tube heat
exchanger computation moduTes. The new package (DESPAC2) is capable of
solving steady-state»prob1em; 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 1nvd]ving single operation units are
~ studied. Sécond]y various flowsheets are proposed and tested for a
separation problem as an exémp]e of flowsheet development using DESPAC2.

This package is simple to use and can be employed for wide
range of applications including flowsheet deve]obment, process design,

in research and education.



UZET

Carnegie-Mellon Universitesifnde Prof. A. westerbergfin yoneti-
minde hazirlanan etkilesimli tasarim hesaplamalari paketi (DESPAC)
flas, distilasyon ve absorpsiyon a1tprogram1ar1n1 kapsar. Bu calismada,
DESPAC oncelikle DEC-20 bilgasayar sisteminden, CDC Cyber 170/815 bil-
gisayar sistemine adapte edilmis, sonra ¢ok bilesenli sivi-sivi ekstrak-
siyonu ve borulu 1s1 degistiricisi hesap]ama modiilleri eklenerek genis-
letilmistir. Yeni paket DESPAC2, cesitli proses akim semalarini inite
bazinda, kararli hal problemieri i¢in ¢ozebilmektedir. |

DESPACZ, doksan bir kimyasal maddenin termofiziksel ozellik-
lerini ig¢eren bir veri kiitiiphanesine sahiptir. Bu termofiziksel ©Ozel-
likler kitiphanesi, yéni ozellikler ve maddeler eklenerek genisletile-
bilir. Buna ek olarak DESPACnye yeni lnite hesaplamalari eklenebilir.
Bu.amaclar icin gereken yontemler tim ayrintilariyla agiklanmistir.

DESPACZ'nin cok ama¢l111§in1 gosterebilmek i¢in cesitli ornek-
ler ¢oziilmistir. >Unce bagimsi1z operasyon iiniteleri i¢in alti problem
ele alinmstir. Daha sonra akim semasi gelistirilmesine ornek olarak
bir ayirma prob]emi icin degisik akim semalar onerilmis ve DESPAC2 |
" ile sinanmistir. ) |
Kullanimi kolay olan bu paket, akim semasi gelistirilmesi,

proses tasarimi, arastirma ve editimde genis bir uygulama alanina

sahiptir.
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I. INTRODUCTION

DESPAC2 is the modified and expanded form of DESPAC [421 which
operates on the CDC Cyber 170/815 computer system at Bogazigi University.

The original package, DESPAC, has the capability to solve steady-
state problems for flash, distillation and absorption units. Seven
different f]ash 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 DESPAC 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 DESPAC expansion aimed at this study, contains
multicomponent, multistage 1iquid-1iquid extraction and shell-and-tube
heat exchanger routines in addition to the above mentfoned unit compu-
tation modules. The aTgorithms of these routines are prepared in
accordance with the structure of DESPAC ahd_are presented in Section 3.2.1.

Furthermore, the technique to introduce new unit computations into the



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 componehts or by introduction of additional pro-
pertiesvof the existing components is explained in the Section 3.2.3.
Consequentfy, the range of app]ication of DESPAC2 can now easily be
extended with a reasonable effort. 1In 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 1ike FLOWTRAN, PROCESS, etc.
are quite different. In the well-known progfams (as in FLOWTRAN),

. usually the flowsheet is quite fixed at the begihning 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 flowsheet 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



its re]afion 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 DESPACZ cah be fed as initial guesses
to the well-known packages such as FLOWTRAN, in order to reduce the
computer time (CPU). .

DESPACZ may be employed as a powerful tool for process design
courses. The user can enter the operational parameters into DESPACZ
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 capébi]ity of DESPAC2, solutions of
various example problems are shown. A1l examp]eé 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 opération'units is studied.

Establishment of the approriate process flowsheet can be achieved
by employing either of the two following routes:

| In the first rodté to obtain the optimum process flowsheet for
the problem under consideration, a known process pattern is employed
and tested by changing the process specificatiqns.

In the second route, various flowsheets which are applicable to
the problem solution are developed. Later, the most appropriate. confi-
gurétion(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




flowsheet are decided upon either in the order of the process flow or,
more 1ntei]igent1y, 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.



I1. GENERAL APPROACH FOR COMPUTER-AIDED
DESIGN AND SIMULATION

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 6n1y be solved by computers [15].

A model of a typical chemical process will often involve some

or all of the following:



1. Fluid flow
2. Equilibrium
3. Mass transfer
Heat transfer

Kinetics

o O

Process dynamics and control calculations.

The general procedure for conducting an analytical study, covering

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

Definition of
problem
V
Theory
Equations —> gg:@gn =N
Eg?ﬂi?ghs Mathematics Solutions
N 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.




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 fundamenta] 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 dnd the desired aécuracy 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 [15].

The most rapid solution method is that of digital computers which

can successfully be used in

- Process Design, and

- Process Simulation [9].

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 [31].

Design 1is 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 c]osely 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 [9].

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
"b1ock" or unit computation refers.to only one Unit Operation. e.q.
Distillation Unit Computation, Absorber Unit Computation.
In Fig. 2.2, a process and its block representation are depicted [40].
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 [2]
2. PRODYC [22]
3. REMuUs [19]
4. FLEX [39]

5. KARDASZ [23]

Steady-State Material & Energy Balance Programs:

1. PACER [38] 4. GIFS [16]
2. FLOWTRAN [12] 5. PROCESS
3. CHESS [8] '
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On the other hand, DESPAC2 (Interactive Design Ca]cu]ation
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. _ A

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 FLOWTRAN has an executive program which
calls upon different unit computafions and calculates the values of
operating variables for all streams in the system.

Computer core requirement is Tow and convergence in the unit
computation modules is speedy 1in 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 thevcomputation time.

DESPAC2 operates interacfive]y and gives results in a very short
period of time. This capability of DESPAC2 offers the user to change
operation parameters eési]y. The user can obtain results quickly by
changing the process flowsheets, because of the flexibility of DESPAC2.
Hypothetica] 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 qditecﬂumsy for the development of flowsheets and
for process design. For this reason, DESPACZ 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 exbanded‘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 thé operation of an
existing process. |

Contents and the organization of DESPACZ are explained in

Appendix A.
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111, DEVELOPMENT OF DESPAC2

3.1 MODIFICATION OF DESPAC

DESPAC is a FORTRAN program which is developed to run on TOPSC,

a DECSYSTEM-20 computer under the TOPS-20 operating system at Carnegie
Mellon University [42].

Although FORTRAN is said to be standardized, various computer
system companies have different. FORTRAN compilers. During the compila-
tion of DESPAC on the CDC Cyber 170/815 at Boﬁazigi University, numerous
problems were encouhtered. 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 Tate 1950's and was further developed through the 1960's mostly
for scientifically oriented problem solution. It is one of the oldest
of what may be called "foundation languages" (FORTRAN, COBOL,VALGOL,
and BASIC) which is still very popular even after the introduction of

"structural languages” such as PASCAL [35];
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A fully portable program, or a sdurce 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 Sfandard Institute. However, unfor-
tunately most compiler designers succumb to a compelling urge to
provide "bettef” 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 app]ications. 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 [35].

These variations among compilers, as expected cause problems in
computer program portability. .As it would be expected these problems ﬂ
generally are more‘serious among the machines of different manufac- i
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 severnity 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 nqn—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 fo]]owing parts some examples of the important diffefences
between the routes shown by the two different compi1er5'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

Jooking 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 ffom 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 groﬁp of Common Blocks has to appear in more than one
routfne, 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.

On the DEC-20 system, the PARAMETER 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.

A1l comments and syntax (e.g. ";", ":") after an executable |
statement in the same Tine 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.

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.-

A1l variable names starting with letters I, J, K, L, M, N are
automatically assumed as INTEGER variables on the CDC. A1l
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.

Certain characters (e.g. "$") may be used in a FORMAT statement
on the DEC-20 system. But such characters are refused by the'

CDC compiler and cause errors.
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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.

A1l non-executable statements in a routine must precede all of
the executable statements oﬁ the CDC system since the opposite
kind of usage is frequently detected on the DEC-20 system, each
of them fs rearranged on the CDC version in order to prevent

FORTRAN compilation errors.

Certain statements on the DEC-20 system (e.g. SKIP RECORD, TYPE)
are not defined on the CDC. Instead of SKIP RECORD andTYPE, REWIND

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

Very frequent and complicated uéage 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.

Declaration of field width of format descriptor is different on
the DEC-20 and on the CDC systems.
e.g. DEC-20 accepts FORMAT (2I)

cbDC refuses FORMAT (21)

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

packed on the CDC version.

n) On the DEC-20 system, "!", "]", or "C" in the first column are
accepted for comments. If v "M appears in the middle of
the 1ine, the rest is interpreted as a comment. For'a%] expla-
nations and comments, "C" must be written in the first column

of the respective 1ine on the CDC version.

Also the data section of the ofigina] 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 ihformation), unless "C" is written in the firsf 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 1ines in DESPAC.
Conseguently, any correction completed in any one 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 syétematica]]y, 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

CDC Cyber 170/815

g)

h)

Accepts INCLUDE
PARAMETER arg=const
Accepts II;Il ll:ll
after an executable
statement

INTEGER = CHARACTER
etc.

all variables' types must
be specified

Accepts certain characters

in FORMAT such as "$"

Accepts "," ")" to fulfill
certain functions

Executable statement may
precede non-executable
statements

Employs SKIP RECORD and
TYPE for certain functions

Employs OPEN and CLOSE for
file management

Accepts FORMAT (2I)

Unlimited number of
continuation Tlines

n!u’ u]n or "C" in the
first column for comments

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 "," ")" 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 1ines

EOF and EOR must be packed

"C" in the first column for
comments




19

3.2  EXPANSION OF THE CAPABILITIES OF DESPAC

DESPAC a]ready.cévers flash, disti]]atipn and absorption unit
computations, and a thermophysical 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 thermophysical properties of components. The modified
version of DESPAC which operates on CDC-system has been extended by
introducing "Multicomponent Liquid-Liquid Extraction" and "Shell-and-
Tube Heat Exchanger" unit computation modules. This final form of
DESPAC is named as DESPACZ2. 1In 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
exp]ained 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 She]]-and—TUbe Heat Exchanger

An algorithm to design a multipass, counter current, shell-

s

and-tube heat exchanger is developed following the method presented

in Backhurst & Harker [3], and employing references Afgan and Sch]ﬁnder[l],
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Blackwell [4], Fraas and 621§1k [13], Frank [14], Kays and London [24],
Kern [25], Peters and Timmerhaus [32] and Reid et al. [36].
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 1liquid 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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Upon calculation of Logarithmic Mean Temperature Difference and
Correction Factor, the Corrected Mean Temperature difference is

obtained.

Routine estimates the initial overall heat transfer coefficient

employing initially assumed heat transfer coefficients.

Total number of tubes and the flow rate of flujd in the tube

side are calculated.

Heat transfer coefficients inside tubes are evaluated.

The flow rate of the fluid in the shell side is computed.
Heat fransfer coefficient in the shell side is calculated.

The overall heat transfer coefficient is obtained using the tube
and shell side heat transfer coefficients calculated in steps 6

and 8, respectively.

If the difference between the overall heat transfer coefficients
computed in steps 4 and 9 is less than the present tolerance,
the a]gorithm 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 Mu]tfcomponent, Multistage

Liquid-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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Read
data

Calculate arithmetic average of hot and
cold streams (TA and tA)

Calculate heat Toad (Q)
(Eq. B.1)

Calculate Logarithmic Mean Temperature
Difference (LMTD)
(Eq. B.2)

Calculate R (Eq. B.7)

Calculate P (Eq. B.6)

VES Calculate PX
(Eq. B.9)
NO
Calculate P, (Eq. B.5)
Calculate
correction
. factor (F)
| Calculate correction factor |- (Eq. B.8)
(F) (Eq. B.4)

Calculate
CMTD = F % LMTD
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7

Assume UD (Eq. B.10)

)

N

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

Calculate tofa; tube length-
L

Calculate number of tubes
(N,)

!

Calculate total flow area
(Eq. B.11)

Calculate flow rate of fluid in the tube side

(Gt) (Eq. B.12)

Calculate Re (Eg. B.13)

Calculate hi
(Eq. B.14)

YES |
Re < 2100

NO

Calculate h; (Eq. B.15)

Calculate shell inside
diameter (Ds)

A4

Calculate cross area for flow for shell

side (as)
(Eq. B.19)
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Us-U < g STOP
D Dnew '

Calculate U, (Eq. B.10)
new

Calculate h;, (Eq. B.21)

T

Calculate corrected h# = ¢ihi
and h0 = ¢0h0

Calculate tube wall correction
factor (¢)s ¢ = (u/ny)°**

T

Calculate tube wall temperature (t

W)

Calcutate h, (Eq. B.21)

Calculate h (Eq. B.20)

Calculate flow rate of fluid in the
shell side (6.), (Eq. B.18)

Figure 3.1 - Logical flow diagram of the iteration cycle of
the Shell-and-Tube Heat Exchanger Algorithm.




25

The algorithm to simulate multicomponent, multistage equilibrium-
stage liquid-1iquid extraction is obtained from Sen [37]. The algorithm
is based on the relaxation technique, i.e., it uses the transient model
equations to reaéh the steady-state solution.

The detaiied 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 1ight and heavy phases are assumed initially.

2. Activity coefficients of component i in both of the phases are
ca]cu]atedAby 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 ratiqs into the linearized equation sets, the
resulting equations may be solved by a tridiagonal matrfx 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.

SIRVHARL IALISHIAING 3i7v908
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7. New values of the overall stage flow rates are calculated.

8. If the difference between the heavy phase mo]é fractions at
time (1) 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. XEXT .rou-
tine contains NAMELIST features (Refér to Appendix A) which

allow the user to enter the input data.
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J

////// Read algorithm parameters j////r

Read the assdmed profiles

Normalize the
assumed mole
fractions

Are the
assumed mole fractions

normalized

Calculate equilibrium ratios

(K} 5)

i

Solve the equation sets for the
heavy-phase mole fractions (X§+})
by tridiagonal matrix algorithm

|

Evaluate }

i=N
X1§+} for all of the stages

i=1
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v

Normalize the heavy-phase mole fractions

Calculate the light-phase mole fractions by

X2’L'+] _ T T+]

.. o= K oo X1, .
15J 15] ]1,\]

=N
Evaluate  } X2, j ~for all of the stages
=1 T

Normalize the light-phase mole fractions

!

Evaluate the overall stage flow rates

and components?

Figure 3.2 - Logical flow diagram of the iteration cycle of
the Multicomponent Liquid-Liquid Extraction
Algorithm.
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3.2.2 The Procedure for the Addition of New Unit Computation

Routines Into the DESPAC Structure

In this section, addition of new unit computations into the

DESPAC 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 Modelling Routine
XHEX < > HEX
XEXT & > 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 Blocks (In Appendix D, the function of PARAM is

explained).

The executive routine(s) must also contain NAMELIST features

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

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

e.qg.

NAMELIST/DATA/A,B,C
CALL READNL ('DATA')
READ (2, DATA)
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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 D 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.

e.qg. XHEX <——> HEX

PARAM PARAM
NCOMP NCOMP
IDENT PHYS

XEXT «<—> EXT

PARAM PARAM

NCOMP NCOMP

IDENT PHYS
IDENT

The executive routines are called 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 DESPAC 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 thg 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

Libfary-Fi]e for. the Existing Components

As in the case of the shell-and-tube heat exchanger routine,
density of a component may be required. "Hence the procedure to insert
a new physical property into the Tibrary file is explained below. For

this purpose, density (RHO) is selected as an example.
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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 DESPACZ2. The form

of these definitions are shown in Appendix D.

Some modifications must be performed in the relevant Auxiliary

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

a)

b)

Subroutine LOADLB:

This subroutine copies data for a component from a file

into the library.

A new prefix must be defined using DECODE featurés in

subroutine LOADLB.

e.g. IF (PREFIX. EQ. '$') DECODE (75,540, LINE) RHO(I)
540 FORMAT (F15.6)

Library file must contain the prefix mentioned in accordance

with the FORMAT,

Subroutine SYSTEM:

In subroutine SYSTEM, data are transferred from /LIB/ to
/PHYS/ and /IDENT/ Common Blocks.

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

IT refers to component I in the library /LIB/. -
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The user has to define the transfer of data as follows:

DENS(I) = RHO(II)

Subroutine DEFINE:

DEFINE allows the user to enter new values (and new components)
into the 1ibrary. Firstly, the information for pure compo-
nent property is obtained from the user. The definition in

the subroutiné 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

Subroutine STORE:

This subroutine copies data for selected components from
Tibrary /LIB/ 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,588) RHO(I)
580 FORMAT('$pSTH,5A5,1PBE12.5)

Subroutine ERASE:

It erases all data in /LIB/ for cOmpohent I. The required

definition is shown below:
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RHO(I) = 0.0

3.2.3.2 Addition of New Components Into the Thermophysical

Library File

The user may insert new components into the library file
selecting RETREV, DEFINE and STORE routines from the menu. Subroutine
RETREV retriéves physical prdperties from disk fiTes. Subroutine DEFINE
allows the user to enter new components into the 1ibrary and then sub-
routine STORE stores the values of new components on the Tibrary 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

1. 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. Modifications 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 probiems 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 tﬁis chapter, firstly an example run is performed
for phase and flash calculations to show the operation of DESPAC2 1in
detail. Then, six examples involving single operation units are
presented. Finally, in order to utilize the full app1ica£iona1 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 "11" 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" fromvthe menu
which.emp]oys 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. bﬂ]ﬂﬂz 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 ":" in column 1. To aséign values to these parameters,
the user enters a 1ist of required parameters followed by a ";". If

the user is interested in changing one or more parameters be can répeat
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 fo]]bwed 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 fepresent the res-
ponse of the user during the interactive run of the progrém. 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 exb]ains the input and
output symbol descriptions of the computer output(s) and data fi]e(sf

is referred to before reviewing the example(s).
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[#3]
o]

DESPAC.5.& (&~APR-31)

PROCEDURES:

14K VALUE 74 SHTCUT 11.RETREV 17 HELP
2.ENTHALFY 8. COLUMN 12,5YSTEH 18.5T0P

3,PHASE 9. CERDA 13.DEFINE 19.TIKE AND DATE
44 FLASH 10.COLCST 14 .STORE

SsABSEDH 214 HE X 15ACTFIT

6.8 CCABE 22.EXT

SELECT PRCCEDURE: 11
,RETREV = RETRIEVE FHYSICAL CONSTANTS FROM DISK FILES

ENTER NANME OF FILE (RETURN FOR PUBLIC DATA): PUBDAT
+DATA WILL BE KRETRIEVED FRCM FILL PUBDAT
RETRIEVE ALL COKPONENTS FROM FILE? (Y OR N): N

NAME COHMPONENT TC BE RETRICVED (RETURK TO EWND): WATER
+COMPONENT 71 IS WATER

NAKE COHPCNENT.TO BE KETRIEVED (RETURN TO END): METHANOL
+COMPONENT 2 IS METHANOL

NAME COMPCNENT TO Bt RETRIEVED (RETURN TO END): ETHANOL
+COMPONENT 3 IS ETHANOL

NAKE. GOMPCONENT TO B8E RETRIEVED (RLTURN TO END): -
LIBRARY ‘IS REDEFINED. SYSTEM IS UNDEFIKED.

PROC EDURES: :

1.KVALUE 7. SHTCUT 11.RETREV 17.HELP
2,ENTHALFY 8, COLUMN 12.5YSTLH 18.5TOP

3,P HASE Sa CERDA 13, 0EFINE 19.TIME AND DATE
4 FLASH 1Ce COLCST 14 ,STORE

S,4BSEDN 21 HEX 15.ACTFIT

6.MCCABE 22.EXT

SELECT PRCCEDURE: 12
SYSTEM ~ DEFINE COMPONENTS IN SYSTEX

MODELS FOR VAPOR ENTHALPY Hv: ' .
1. IDEAL SOLUTION OF PERFECT GASES,
2« RESIDUAL ENTHALPY FROH VIRIAL EQUATION JF STATE.
3. RESIDUAL ENTHALPY FRCH REDLICH=KWONG EQUATION.

MODELS FOR LIGWUID ENTHALPY HL:
1. IDEAL SOLUTION OF SATURATED LIWUIDS,
2. IDEAL SOLUTION WITH PRESSURE CORRECTION.
3, EXCESS ENTHALPY fRUY WILSON EQUATION. .
4 RESIDUAL ENTHALPY FRUM REDLICH-KWONG EQUATION,.

MODELS FOK VLEL CALCULATIONS:
1e LIQUID: WILSON ACTIVITY;VAPORK: VIRIAL EUN OF STATE,
‘24 PRAUSNITI=CHUEH VERSION OF REDLICH-KWONG CQUATION,
30 LIGUID: 1IDEAL SOLUTICHM, ANT-OINE EQUATION ;
VAPOR: -DALTON'S LAW.

SELECT MODELS FOR HV,HL,VLE (  ELANK THEN RETURN FOR 1 1 1): 113
SELECT COMPONENTS (U FOR KELP): (001002003



- C

+3

+3

SELECTED CORPONENTS:

1a WATER
.2s METHANOL
3a ETHANOL

VAPOR ENTHALPY:
LIQUID ENTHALPY:

K=VALUES:

PROCEDURES:
1«K VALUE
2.ENTHALFY
3P HASE
4yFLASH
5.ABSED H
6 MCCABE

IDEAL SOLUTION OF PERFECT. GASES.

7« SHTCUT

8. COLU MK

9. CERD A
1C. COLCST
21.HEX
224 EXT

SCLECT PRCCEDURE: 3

IDLAL SOLUTION
RAQULT®'S LAw,

11.RETREV
124SYSTEN
13.DEFINE
14.STORE

15sACTFIT

CF SATURATED LIGUIDS,

17 HELP
18.5T0P
19.TIHE

PHASE -

ENTER IXNPUT PARAMETERS (P,T,Z,

BUBBLE PCINT AND DEW POINT CALCULATION

TLO,TUP,PLO,PUP /; )

Pp=1,

PHASE RESULTS
P 1.C00
T = 350.000

I, COHPONENT
1, WATER

2 METHANOL
3. ETHANCL

T = 350,

z =2,3,5;
~3UBBLE POLNT~-
BT = 348.839
3p = 1046
Y8T (1)  YBP(I)

0764 0796

wb 649 4638
- 24553 «h566

REPEAT? (Y OR N): Y

pNTER INPUT PARARETERS (PITIZI TLO,TUP,PLO,PUP

P = 2;

PHASE RESLLTS

p = 2.CO0
T = 350.C00
1, COMPOAENT
1. WATER

2, FETHANOL

3. ETHANGL

~3UBELE POINT~-

T
&P

nwn

Y371 (1)

" .C835
44 ED

L EES

REPEAT? (Y OR N): y

PROCEDURES:
1K VALUE

2 ENTHALPY
3,PHASE
44F LASH
SehBSEDN
6uMCCABE

7. SHTCUT
2. COLUMN
Ga CERDA
1C. COLCST

S 21. HEX

2Z.EXT

SELECT PROCEDURL' 4

367,820
1046

Yar (1)
766
w4638
«4566

11.RETREV
12,5YSTLE™H
13.DEFINE
14.STORE

15.ACTFIT

XDT (1)
#4014
#1585
4401

Xo0T(1)
3922
w1683
24395

POINT=~
354,401
28408

XoP(1)
«4038
«1560
«4 402

;i )

POINT~-
373,337
8408

XoP (1)
«4038
«156C
«44G2

174HELP

18.570°

AND DATE

z2(1)
2000
«30C0

3J

(1)
«20L0
«3000)
«5000

19.TIME AND DATE

S T sy



e

FLASH CALCULATIONS

SELECT TYPE OF FLASH:

+1aPl 24TU 3.QV 4TV 5PV ¢eTP 74ENTHALPY &.DONE

ENTER INPUT PARAFETERS
+(TsP+s2,(GUESS, XsYrV) )

+: T = 350, P=1, Z
FLASH RESULTS ~
HF = =2,.5313E+05 T =
HL = =2,6499E+05 P =
HV = =2,1849E+05S R
1 COMPOMENT x(I)
1, WATER £2350
2, METHANOL 02592
3. ETHANGL 5058
REPEAT? (Y OR N): Y
ENTER INPLT PARAMETERS
+(T,Pr2,(GUESS, X, XYr V) 7 )
t: P =1.5;
"FLASH RESULTS
T HF = =2.¢316E£+05 T =
HL = =246316E+GS p =
HV = =2_.16B88E+0S vV =
I  COMPOMNENT x(1)
1, WATER L2000
2% FETHANOL .30C0
3, ETHANCL . «50UN
REPEAT? (Y OR N): N
+1.P0 24TQ 3.0V 4.TV S5.PV 6.TP
PROC EDURES:
10K VALUE 7. SHTCUY
ZxENTHALPY 2. CCLU N
3,PHASE 9. CERDA
4yFLASH - 10, COLCST
5,ABSEDH 21. HE X
6 MCCABE 22.8xT
SELECT PROCEDURE: 18

PR

OGRAM IS STOPPED

= 2,3,5;

350.L0C
1a00C
» 2550

Y(I)
<578
4191
«4831

35040600
14500
Ry

Y (1)
U790
wh63E
-4506

(1)
w003
3100
«5009

Z(I)
«2008
3000
50090

7. ENTHALPY B84DORE : 8

11.RETREV
12,5YSTEN
13«DEFIKE

14.5TORE

15.4CTFIT

: 7
XI(I) KC1)
»1248 4164
« 31562 1617
alb46€3 9550
XI(I) KCI)
e «2770
0. 1.078
0. - 6367

-

17 4HELP
18.STOP
19.TIKE AND DATE
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11
PUBDAT

N

WATER
KEETHANOL
ETHAN OL

12

113
001602003
3

.05@33.UCLPI 88U, PG4 ’, Nu241KLRS,

INPUT data file for the batch run of the program.
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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 ahd one for the shell-and-tube heat
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 . _Routine

Example 1: McCabe Thiele Binary Distillation MCCABE
Example 2: Shortcut Multicomponent Distillation SHTCUT
Example 3: Shortcut Mu]ticompoﬁent Distillation CERDA

and Sizing and Costing of the Calculated

Column
Example 4: Multicomponent Liquid-Liquid Extraction EXT
Example 5: Multicomponent Liquid-Liquid Extraction ' EXT
Example 6: Shell-and-Tube Heat Exchanger HEX

4.2.1 Example 1
McCabe-Thiele Binary Distillation (MCCABE)

Problem Statement:

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 mixture
of benzene and toluene. The feed rafe 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 1lbmol/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 1iquid 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 "6" from. the menu. Routine MCCABE requires RATIO,
ALPHA, Q, ETA, XF, XD, Fand D pafameters 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. A

In Table 4.1 results of DESPAC2 and of McCabe and Smith [29] are
tabulated. Resu]ts 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 (kmol/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 Multicomponent Distillation (SHTCUT)

Problem Statement:

This example is obtained from Perry and Chilton [31], 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 reboiler. The feed enters on
the‘middle tray. Past experience on similar feeds indicates that the
11 trays plus reboiler are equivalent to 10 equilibrium stageé 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 lb/in2 (8.271 bar).
The feed will be at its bubble point (q = 1.0) at temperature of 185°F

(358°K).  The feed has the following composition.
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Component FXF (mole%)
C3 5
1—C4 ‘ 15
n-C4 25
1—C5 20
n-Cc 35
> 100

The original column normally has less than 2 mole percent i-C5
in the overhead and less than 3 mole percent n-C, 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 se]ecfed
to employ the shortcut mu]ticomponent distillation method (SHTCUT). The
usér has to specify the column, the method to find reflux ratio and
whether the relative vo]ati]itiés 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
requiréd. In this particular example a new column is specified. Re-
flux ratio is found as a function of VMAX. Relative volatilities will
be ca]cu]ated 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.
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Results of DESPAC2 and that of Perry and Chilton [31] are
tabulated in Table 4.2.

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 ca]éu]ations..

Recalling the calculated results of DESPAC2, it is conc]ﬁded

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 "9" 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,
CERDAﬁca11s the routihe COLCST.which requests column construction,
column material, tray material, tray type, surface tension of 1iquid,
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 oﬁtput of DESPAC2 for this

application.
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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 D = 48.9(kmol1/h)
FTR = 3.37 R=2.5605 B = 50.85(kmol/h)| FTR = 5 R =2.519 B = 51.1(kmo1/h)
SD =10.31 RMIN = 0.877 F =100 (kmo1/h)| SD =11 RMIN = 0.9782 F = 100 (kmol1/h)
Component . XF(I) XD(1) XB(I) AL(I) XI(I) XF(I) XD(I) = XB(I) AL{T) XI{I)
1. propane 0.05 0.1017 0.0 6.3826 1.00 0.05 0.1004 0.0 4.98 n.a.
2. i—butane | 0.15 0.3042 0.0009 2.8117 0.9969 0.15 0.2996 0.0017 2.61: n.a.
3. n-butane 0.25 0.4985 0.0098 2.1636 0.98 0.25 0.4852  0.0768 2.02 n.a.
4. i-pentane 0.20 0.0651 0.3304 1.00 0.16 0.20 0.070 0.3283 1.00 n.a.
5. n-pentane 0.35 0.0305 0.6589 0.81739 0.0427 0.35 0.448 0.6532 0.851 n.a.

LY
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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 Multicomponent
Distillation (CERDA).

NT = 0.8 T = 358.000 - RFAC = 1.2000 7
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 RBMIN = 1.8857 VB = 108.81
Component XF(1) XD(1) 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
j-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 flowrate(g/s)
Vapor flowrate (g/s)
Surface tension(N/m)
Active area fraction

Number of trays

Tray spacing (m)

Pressure (bar)
Diameter (m)

Height (m)

Pressure factor
Material factor
Matl-prs factor
Module factor

Hononon

COSTS, 1000 $

Column:
Trays :
Total :

0.116x10°
7836
0.02

0.7

24.62
0.3

8.27
1.955

13.09

1.064

1.000

1.064

4.230
¢

INSTALLED

186.666
12.519
199.186

Liquid density(g/m?)
Vapor density (g/m®)
Column construction
Column material

Tray material
Tray type

Cost index

Flooding velocity
o (m/s)

Operating velocity

(m/s)

Tray spacing factor
Tray material factor
Tray type-factor
Tray mat-spac factor

BASE COST, 1968

14.283
1.870

0.5526x10¢
0.2001x10°
clad
carbon
steel
carbon
steel
Grid, Plate
or Ssieve
350.0

0.2331

= 0.1865

i w non
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4.2.4 Example 4:
Multicomponent Liquid-Liquid Extraction (EXT)

Problem Statement:

First example for liquid-liquid extraction is obtained frém 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, cblorofdrmv(3) and water (4) are used, and their flow
rates are 0.8 kmol/h and 1 kmol/h, respectively.
Hanson et al..[20] 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
Aaij 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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Initjally routines RETREV and SYSTEM must be se]ected,’and then
number "22" is chosen to employ multicomponent liquid-liquid extraction
(EXT). Routine EXT requires BALLPR, TIMINC, H1, H2, M, N, TOL, SREST,
SNORM, SACTC, SWRIT,‘COMPS, COMPN, STARS, initially assumed profiles
of X1, X2, F1 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.[20]. The results of Sen [37] 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 probliem
are the same, the results of DESPACZ and Sen [37] are slightly different
due to the round off criteria of computer systems; UNIVAC 1106 has eight-
digit accufacy 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-Liquid 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/hf

Extraction column has 16 stages.




TABLE 4.4 - Initially-Assumed Profiles for Example 4

Heavy Phase ' ' Light Phase
: Component Mole Fractions : Component Mole Fractions
Sﬁg?e g;igazlmg}7x) Acetone Ethanol Chloroform Water“ 3§§2a2lmg}?ﬁ) Acetone Ethanol Chloroform Water
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 0.1210 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 0.11700 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
1 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

LS




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

Component Mole Fractions

Heavy Phase

Overall Flow

Light Phase
Component Mole Fractions

Sﬁz?e g:iga}lmgl7ﬁ) Acetone  Ethanol Chloroform Water Rate (kmol/h) Acetone Ethanol Chloroform Water
-] 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 0.07230 '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

(8]
N




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

Stage

Overall Flow

Heavy Phase

Component Mole Fractions

Overall Flow

Light Phase

Component Mole Fractions

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 0.004317 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 0.09632 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

o
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 = 30°C
Species 1 Species j aij Cij Cji
(cal/mole) (cal/mole)
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 paryicu]ar 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.

Tab1e44.8 tabulates the initially-assumed profiles. The results
of Sen [37] and DESPAC2 are presented in Table 4.9 and Table 4.10 res-
pe;tive]y. The results are slightly different due to the accuracy of
UNIVAC 1106 and CDC Cyber 170/815 computer systems as discu;sed earlier

in Example 4.




TABLE 4.8 - Initially-Assumed Profiles for Example 5

Heavy Phase

Stage Overall Flow _ Overall Flow Light Phase

No. Rate Component Mole Fractions Rate Component Mole Fractions

(J) ~ (kmo1/h) n-heptane Cyclohexane Furfural {kmo1/h) n-heptane <Cyclohexane Furfural
1<j<16 1240 0.02 0.08 0.90 70 0.70

0.10 0.20

-89



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

Stage Overall Flow

Heavy Phase

Overall Flow

Light Phase

e e e

No.  Rate (kmol/h) Component Mole Fractions Rate (kmo]/h) Component Mole Fractions
n-heptane Cyclohexane Furfural n-heptane Cyclohexane  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
16 077 0.00000 0.00000 1.00000 12.150 0.00000 0.00000 1.00000

1208.

9§



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

Heavy Phase Light Phase
Component Mole Fractions - Combonent Mole Fractions
Stage Overall Flow ~ ' Overall Flow :
No. Rate (kmol/h) n-heptane Cyclohexane Furfural Rate (kmol1/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
- n 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 1.0000 12.150 0.0000 0.0000 1.0000

.0000

(8]
~
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4,2.6 Example 6
Shell-and-Tube Heat Exchanger (HEX)

Problem Statement:

This example is .taken from Kern [25].

175000 1b/hr (22.07 kg/s) of distilled water enters an exchanger
at 93OF (307 K) and leaves at 850F (302 K). The heat will be transformed
to 280000 1b/hr (35.31 kg/s) of raw water coming from supply at 75°F
(297 K) and leaving thé exchanger at BOQF (300 K). Fouling factor is
0.0005 hr-ft~F/Btu for distilled water and 0.0015 hr-ft*~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 coefficients are obtained from
Table 3.1 of Backhurst and Harker E3] as initial guesses and their values
aie assumed as the same and are 1150 Btu/hrff2~oF (6530 w/mz-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 tabie to employ the shell-and-tube heat exchanger calculation
method (HEX). Subroutine HEX requires the values of TH1, TH2, TC1, TC2,
N, HO, HDO, HDI, HI, DI; pbo, SL, Nip, PT, B, Y, DE, MCOMP, KH, KC, VISH,
’VISC, TETA, FLAG, EPS, SWCH, SWCH], SWCH2 and CPL to execute the method.
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Exp]anations 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 (3/s-m?-K) 1696.239 1470. 602
A (m2) 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
a]lowihg a 10 percent heat overload are also taken under consideration,
whereas Kern [25] ignores these facts. DESPAC2 calculates hi and h0
from empirical equations, on the other hand Kern [25] employs figures
to find the JH factor which is used for the calculation of hi and h0
values and this is the main cause of the differen;es 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‘v
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 DESPACZ 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 feasib]e at the first g]ance‘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.

F——'H min. 99.7% B

Feed ,
HC1 10% )
B 40%
MCB 50%

—————> 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 cbmputa-
tions with various processing configurations.

As mentioned before DESPAC2 is capable of handling flash, dis-
‘tillation, absorption, 1iquid-Tiquid extraction and heat exchanger units.
In order to check the applicability of the available units, firstly,
some physical properties, which are of decisive importanée 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 BP (3K at 1 atm)

HCT 188
B ' 353

MCB 405

Because of the substantial difference of the boiling-point of
HC1 and its corrosive character it seems logical to remove HC1 at the
beginning of the procéss.. To take off HC1 flash, distillation, absorp-
tion and extraction units may be proposed. Extraction may be performed
using a polar solvent such as water which takes mainly HC1 and some
benzene and MCB from the mixture. Water forms an azeotropic mixture
with HC1 and also with benzene ([31], 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 HC1 is extremely ]Qw 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 HCl. Absorption uses a solvent to remove one
of the species from a gas mixturé. Flash prepares the required>phase
separation of the mixture. After the removal of HC1 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-1). The vapor from F-1 is sent to the absorber

(A-1), and HC1 is removed from the mixture using MCB as solvent.
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Liquid products of (F-1) and (A-1) are mixed and sent to the distillation
column (D-1) to separate benzene and MCB. Bottom product of (D-1) is
passed through a heathxchanger (H-1) so its temperature is reduced,
then the required amount may be recycled to the absorber.

DESPAC2 contains various types of flash cé]cu]ations. Becaﬁse
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 giveh. |

Table 4.13 represents the avéi]ab]e input data for the streams

(i.e. SO1, SO5, S11) to and from the blocks, as shown in Figure 4.3.

TABLE 4.13 - Input Data for Figure 4.3

501 505 509 510 S11
(kmo1/h)  (kmol/h)  (kmol/h) (kmol/h) -  (kmol/h)
HC1 00 0
B 40 0.067281 39. 9561
MB .~ 50 100.61  0.099722
Total 100 100.68  40.056
Degrees,K 425.9 321.88

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 [12] and presented in Appendix I.
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S09
Benzene

D-1

Distillation

S04
HC1
A-1]
Absorber
SQ2 S05

J

S06
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S10

]

ST1

T
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v
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Figure 4.3 - Deta11ed scheme of the proposed flowsheet (d)

of Figure 4.2
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CASE 1:

Feed température is‘assumed as 200°F (366.48°K). Specifications
and the fesu]ts of the f]ash;-absorption,‘disti]]ation.and heat exéhanger
units may be observed in the computer output and the relevant data file
in Appepdix H. Input and output symb61.descriptions of computer outbuts
are explained in Appendix F.

In DESPACZ, reSu]té ofba uhit computation can not be transferred
to the other unit automatica]]y. - The ‘user-has to control the transfer
of data between units.  Ne;essary'caqu1ations and conversions must be
done‘manually. | | .

For this example, such Ca]cu]ations will be explained below and
the procedure is the same.for the qthers;,_ sy

»‘Feed is séparated info two’phases at T = 200°F.(366.48°K). The

input data for the flash unit are given below,

366.48°K

T =

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 SO1 streams, respectively. XI(I) are the fractions of

components enter{ng in feed whichleave in the vapor product.
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Component X(I) Y(I) Z(I) XI(I) K(I)
HC1 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 S02:

21) 5 X1(1)(kmolzh)
HC1 10 x 0.9108 =  9.108
B 40 x 0.0916 =  0.366
MCB 50 x 0.0208 = 1.04
Total = 10.514
Calculation of S03:
S03 = SO1 - S02
503 = 89.486 kmol/h

S03

S03 _+  X(I) (kmo1/h)
HC1  89.486 x 0.0103 = 0.921
B 89.486 x 0.4216 = 37.72
MCB  89.486 x 0.5680 = 50.83
Total = 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. 1In Table 4.15 the input data for the absofber are

presented.

TABLE 4.15 - Input Data for the Absorber Unit

1T = 326.37 K
TB = 401.33 K
’ P = .2.17 bar
‘ LT = 100.68 kmol/h, XT = 05, 0.0006683, 0.99
‘ VB = 10.514 kmol/h, YB = 0.6594, 0.2652, 0.0754
1 N = 3

Results of the absorber are tabulated in Table 4.16.

TABLE 4.16 - Results of the Absorber Unit

VT
LB

6.3251 kmol/h
104.87  kmol/h

i nu

Component  XT(I) XB(I) YT(I) YB(I) XIT(I) XIB(I)

HC1 0.0 0.0077  0.9683 0.6594 0.99285 0.11658
B 0.0007 0.0272 0.0002 0.2652 0.01362 0.99991
MCB 0.9993  0.9651 0.0315 0.0754 0.00198  1.00

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

correspond to the S06 stream.
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Preparation of the input data for the distillation column:

LB+ XB(I) (kmg??h)
HC1  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

Liquid products from the bottoms of the flash and absorber
units are SO3 and SO06, respectively. These are mixed to obtain S07

stream as shown below:

503 S06 507 X(1g7

(kmo1/h) (kmo1/h) (kmo1/h) o

HCT  0.921 0.807 1.728 0.00889

B 37.72 2.852 40.572 0.20877

MCB  50.83 101.21 152,06 0.78234
Total 89.486 104.87 194.34

Even small amounts of HCl will.affect the nolM-ideality of the
system benzene and MCB considerably. However as can.be concluded
from the above resuTts, the amount of HC1 in the SO7 stream js negli-
gible for a rough initial calculation. Therefore, SO7 stream is

rebalculated and named as S08, as shown below.

$08 X(Dgog
(kmo1/h)
HC1 0.0 0.0
B 40.572 0.2106
MCB  152.04 0.7894

Total 192.61
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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 = 259.910F (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)508 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 of .Q, Eta and Alpha.

TABLE 4.17 - Input Data for the Distillation Unit

Ratio = 1.3 XF = 0.2106
Alpha = 3.878 XD = 0.9975
Q =1 F = 192.61 kmol/h
Eta =1, D = 40.056 kmol/h

In Table 4.18,‘resu1ts 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 (S10) are

obtained, as follows:



B 152.56 x 0.004
MCB - 152.56 x 0.996
Total

10 X(1)
(kmo1/h) 510
0.61024 0.004
151.949 0.996

152.56 -
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Results of DESPAC2 and the desired fractidns 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
510 X(1) X(1)
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 resultsthan that of CASE 1, feed temperature
is increased to 250°F (394.1 K). |

The computer output and the corresponding data fife 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 flowsheet.

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.

Specified fractions g N3
DESPAC2 at the bottom product % Difference
S10 X(1) X(1)
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

AN

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

is less than allowed.
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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 results and their relative differences.

TABLE 4.21 - Results of CASE 3 for Figure 4.3.

Specified fractions [y ns:
DESPAC2 at the bottom product % Difference
10 X(1) - X(1)
B 0.06009 -~ 0.0004 0.0010 60
MCB 150.1699 0.9996 - 0.9990 0.06
Total 150.23

CASE 3 also meets the product requirements, therefore this case

is also acceptable.

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.

Specified fractions |, ps:
DESPAC? at the bottom product % Difference
S10 X(1) X(1)
(kmol /h) S10 S10
B ~0.06009 0.0004 0.0010 60
MCB 150.164 0.9996 0.9990 0.06
Total 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 f]ow diagram is proposed for this case, and
presentedtin 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-1). Liquid product from the bottom of (A-1) is fed to the distil-
lation column (D-1). Bottom product of (D-1) is passed through a
heat exchanger (H-1).

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
unit:

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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s01 502 S06 507 508
(kmo1/h) '(kmo1/h) (kmo1/h) (kmol/h) (kmol/h)
HCT 10 0 0 0 0
B 40 0.067281 39.9561
MCB 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.

Specifed fractions o e
DESPAC2 at the bottom product % Difference
S07 X(1) X(I)
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:
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Number of theoretical stages are increased to six in the

absorber.

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.

Specified fractions .
DESPAC2 at the bottom product % Difference
S07 X(1) X(I)
(kmol/h) - S07 S07
B 0.10517  0.0007 0.0010 30
MCB 150.144 0.9993 0.9990 0.03
Total 150.25

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

kmoli/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.

Specified fractions :
DESPAC2 at the bottom product % Difference
s07  X(I) X(I)
B 1 0.0480 0.00030| 0.0010 70
MCB 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 HCI, Beniene and MCB
proposed flowsheets (d) and (e) of Figure 4.2 are studied at different
processing conditioﬁs. 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 appropriaté for this range. If the
temperature is raised to the 300°F, the feed is superheatedlvapor and
may'be directly fed to the absorber as shown in Figure 4.4. 1In 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 CASE 6 CASE 7 CASE 8
FIGURE 4.3 FIGURE 4.4

FLASH

T (°F) 200 250 270 280 300 - - -
ABSORBER

No. of stages 3 3 3 3 3 3 6 3

Flow rate of

solvent(kmol1/h) 100.68 100.68 100.68 100.68 100.68 100.68 100.68 110.68
DISTILLATION

No. of stages 17 21 21 21 - 26 20 22
% Benzene at . '

the bottom 0.40 0.06 0.04 0.04 - 0.0 0.07 0.03

% MCB at the

bottom 99.6 99,94 99.96 99.96 - 100.0 99,93 99,97

Total flow ' .

rate of bottom 152.56 150.29 150.23 150.26 - 150.14 150.25 160.16

(kmo1/h)

. 6L
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In order to reduce the benzene loss, firstly the numbef of
stages pf the absorber is increased to 6 in CASE 7. For this case,
.benzene and MCB percentages fulfill the required specificationé.
Secondly, flow raté of solvent is increased to 110.68 kmol/h in
CASE 8. It is observed that the benzene percentage 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 flowsheets may be selected at
the suitable conditions. First flowsheet (Fig. 4.3) contains a
flash unit, second flowsheet (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 f]owshget 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) if is unnecessary to test flowsheet
(f) which requires more units than flowsheet (d).

Flowsheet ja) 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-1). The vapor product
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is cooled and sent to the second flash unit (F-2). The liquid
products of (F-1) and (F-2) are-combined and fed to the distillation
column (D-1). _

The input data~required are obtained from FLOWTRAN [12] and

presented in Table 4.28.

TABLE 4.28 - Input Data for Figure 4.5.

So1
(kmo1/h)
HCT 10
B 40
MCB 50
Total 100
Degrees, °K 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-1 Unit.

Component X(I) Y(I) Z(1) XI(I) K(1)
HCT 0.0019  0.1995  0.10 0.9904 104.2

B 0.3006  0.5009  0.40 0.6215 ©1.666
MCB ©0.6975  0.2996  0.50 0.2974 0.4295

The vapor product of the first flash unit is further cpo]ed
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.
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TABLE 4.30 - Input Data for the FLASH-2 Unit.
S04 Z(1) = X(I)ens = Y(I)
(kmo1/h) ‘ S04

HCT 9.904 0.1995

B 24.860 0.5009
 MCB 14.870 0.2996

Total 49,634 |

Degrees, °K 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 X(1) Y(I) Z(1) XI1(1) K(I)
HCT 0.0031 0.2803 0.1998  0.9955  91.42

B 0.4163 0.5366 0.5016  0.7589  1.289
MCB 0.5806 0.1839 0.2986  0.4350  0.3153

Table 4.32 summarizes the values of the streams to and from

the flash units.
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TABLE 4.32 - Values of Streams for Figure 4.5

S01 S02 . S03 S04 505 s06 - SO7

(kmo]/h) (kmo1/h) (kmo1/h) (kmol/h) (kmol/h) (kmol/h) (kmol/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 unjt,‘almost the half of the benzene (18.86 kmol/h) is present
in the vapor product (S05 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 HC1 from benzene and MCB

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

A computer aided chemical process design package called DESPAC
was originally developed to run oh the DEC-20 system at Carnegie-Mellon
University by Westerberg et.al [42]. DESPAC is modified to run on the
Bogazigi 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 capébi]ities 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 flowsheets for separation problems.

‘A major contribution of this study is believed to be in deciphering
the structure of DESPAC 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 out]inedrfor the expansion of
the thermophysical 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 Titerature are compared with the results of DESPAC2. It is concluded
that DESPACZ 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 sepérate a mixture of
HC1, benzene and monochlorobenzene. The proposed flowsheets are tested,
and it fs observed that the flowsheets which contain flash, absorption,
vand distillation units are appropriate for this separation problem. The
proposed flowsheet (Fig. 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 f1oWsheets 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 expand DESPAC2 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 thgrmophysica] 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 test a processing unit changing the
operation pafameters 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.




10.

11.

88

REFERENCES

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

Babrow, S., et.al., "Digital Computer Pfograms for Studying
the Transient Behaviour of Systems Using a Modular Approach",
McMaster University, Ontario, Canada, 1969.

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

Blackwell, W.W., "Calculating the Corrected LMTD in Shell-and-
Tube Heat Exchangers", Chemical Engineering, pp. 101-106,
August 1981. '

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

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

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

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

Crowe, C.M., et.al., "Chemical Plant Simulation", Prent1ce Hall
Inc., New Jersey, 1971

Edmister, W.C., "Absorption and Stripping-Factor Functions for
Distillation Ca]cu]at1on by Manual and Digital- Computer Methods",
AICHE, Vol. 3, No. 2, pp. 165, Richmond, 1957.

Fair, Petro Chemical Englneer1ng, 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.

TR
Fraas, A.P., Ozis1k, M.N., "Heat Exchanger Design", John Wiley
and Sons  Inc., New York, 1965.

Frank, K., "Principles of Heat Transfer, 3rd Ed., Dun,Donnelley
Pub11sher, New York, 1976.

Franks, R.G.E., "Mode111ng and Simulation in Chemical Engineering",
Wiley-Interscience, New York, 1972.

"GIFS", Service Bureau Corporation, New York.

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

Guthrie, "Capital Cost Est1mat1ng", 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-Hil1l, Kogakusha, 1976.
King, C.J., "Separation Processes", McGraw-Hi1l, New York, 1971.

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

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

McCabe, W.L., Smith, J.C., "Unit Operations of Chemical Eng1neer1ng s
3rd Ed., McGraw-Hill, Kogakusha 1976.




30.

31.

32.

33.

34.

35.

36.

37.
38.

39.
40.

41.

42.

90 -

Murril, P.W., Smith, C.L., "An Introduction to FORTRAN IV
Programming", 2nd Ed., Intext Educational Publishers, New
York, 1970. - ‘

Perry, R.H., Chilton, C.H., "Chemical Engineers' Handbook",
5th Ed., McGraw-Hill, Kogakusha, 1973.

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

Prausnitz, J.M., "Molecular Thermodynamics of Fluid-Phase
Equilibria", Prentice-Hall Inc., New Jersey, 1969.

Prausnitz, J.M., Eckert, C.A., Onje, R.V., 0'Connell, J.P.,
"Computer Calculations for Multicomponent Vapor-Liquid Equi-
1ibria", Prentice-Hall Inc., New Jersey, 1967.

Pressman, R.S., "Software Engineering", McGraw-Hill, New York,
1982. '

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

Sen, B.L., M.S. Thesis, Bo§azi§i University, Istanbul, 1978.

Shannon, P.T., "PACER", Dortmouth College, Hannover, New Hampshire,
1966.

Shern, D.R., "FLEX", Proctor and Gamble, Cincinnati.

Sulzer, "Separation Columns for Distillation and Absorption",
pp. 25, June 1985,

Treybal, R.E., "Mass Transfer Operations", 2nd Ed., McGraw-Hill,
New York, 1968. :

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




APPENDIX A
PROPERTIES AND ORGANIZATION OF DESPAC2




92

DESPAC2

(Interactive Design Calculation Package)

i1, PROPERTIES OF DESPACZ

The various routines are 11nkéd 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 for 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 ":" and then waits for the user's responée.
When a parameter is computed by the program, it is named as an JOUTPUT
PARAMETER". If a parameter is required by the program in order to

complete a calculation, it is named as an "INPUT PARAMETER".
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Parameters are entered to DESPAC2 usihg NAMELIST features.
NAMELIST is app]ied.to read the data instead of formatted read state-
ments [30].

DESPACZ requests values of parameters by typing the ":" in.
column 1. To assign values to these pakameters,‘the user enters a
list of parameters followed by a semicolon ";". Each element in this

1ist is of the form

<SCALAR SYMBOL> = <VALUE>

or <VECTOR SYMBOL> <VALUET>, <VALUE2>,...,<VALUEN>

Element ih the 1ist are separated by commas. For example, the ENTRY

T=373, 2= 0;2,0.4,0.4;

Assign values to temperature T and mole fractions Z{1) through Z(3)
for the‘PHASE routine.

Before requesting values of parameters, DESPACZ2 types a prompting
list of their symbols; the user may then assign values to any all or
none of these parameters. Values of few paramgters 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 "Library" 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 "SYSTEM", the
location accessed by the physical property routines. Properties in the

SYSTEM are changed whenever a new SYSTEM is defined.

2. ORGANIZATION OF DESPACZ .

PROGRAM DESPAC 1links design routines and prompts the user the

following list to select the desired unit computation:




PROCEDURES :

1. KVALUE 7.
2. ENTHALPY 8.
3. PHASE 9.
4. FLASH 10.
5. ABSEDM 21.
6. MCCABE 22.

SHTCUT
COLUMN
CERDA
coLCST
HEX
EXT
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11. RETREV 17. HELP
12. SYSTEM 18. STOP

13. DEFINE 19. TIME & DATE
14. STORE
15. ACTFIT

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

XKVALU
XNTH
XPHASE
XFLASH

XABSED
XSHTCT
XMCABE
XCERDA
XCOLUM
XHEX
XEXT

> calls >

>
>

Modelling Routines

KVALUE
HVAPOR, HLIQID
PHASET, PHASEP

FLSHPQ,FLSHTQ,FLSHQV,FLSHTV,
~ FLSHPV,FLSHTP

ABSEDM
SHTCUT
MCCABE
CERDA
COLUMN
HEX
EXT
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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

i.

ii.

PHASET; performs flash calculation at a given pressure

and vapor

fraction.

PHASEP; performs flash calculation at a given temperature

and vapor

Reference: [26].

2.2.2 FLASH;

fraction.

Flash Calculations

User may choose any of the following seven

i.
ii.
iii.
iv.
V.
vi.

vii.

FLSHPQ; P & Q are
FLSHTQ; T & Q are
FLSHQV; Q & V are
FLSHTV; T & V are
FLSHPV; P & V are
FLSHTP; T & P are
"ENTHALPY" Flash.

specified, T & V are
specified, P & V are
specified, T & P are
specified, P & Q are
specified, T & Q are

specified, Q & V are

alternatives:

cqmputed.
computed.
computed.
computed.
computed.

computed.

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 (Adjaceht Keys)

using the UNDERWOOD equation, FENSKE's equation and
the GILLILAND correlation.

Key components must be adjacent in thé 1ist of components ranked

by relative volatilities.

References: Maddox [27], 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 [6], [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,

1iquid and vapour side streams.
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2.2.8 COLCST; Estimates size and cost of column. Results of the

SHTCUT calculation can be passed to COLCST.
References: Fair [11], Guthrie [18], Perry and Chilton [31],
Treybal [41].
2.2.9 HEX; Multipass Shell-and-Tube Heat Exchanger Calculation

References: Afgan and Schlunder [1], Backhurst and Harker.[s],
Blackwell [4], Fraas and 521§1k [13], Frank [14],
Kays and London [24], 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. [36], Sen [37].

(o~

Section 2.2.9 and 2.2.10 are explained in detail in Appendix

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. 7

2.3.1 KVALUE; It predicts Vapor-Liquid Equilibria for a variety of
thermodynamic systems by employing one of the'following

methpds:
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i. Wilson Equation for subcritical components, Anderson Equation
of Henry's Law constant for supercritical components,

Truncated Virial equation for vapor fugacities.
ii. Prausnitz-Chueh Modification of the Redlich-Kwong Equation.
iii. IdeaI.Solutions; Perfect Gases; Antoine Equation.
References: Perry and Chilton [31], Prausnitz [33], Prausnitz,
et.al. [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], Prausniti [33], Reid,
et.al. [36]..

2.3.2.2 HLIQID; estimates Liquid enthalpies by one of the following

models:

i. Ideal solution of saturated Tiquids
ii. Ideal solution with pressure correction
iii. Excess enthalpy from Wilson Equation:

jv. Residual enthalpy from Redlich-Kwong Equation.
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References: Prausnitz [33], Prausnitz, et.al. [34], Reid. et.al [36].

Auxiliary Routines

The Auxiliary Routines provide the interface between the user,

Modelling Routines and the computer system.

.1 RETREV:
.2 LOADLB:

.3 SYSTEM:

.4 CHKPHY

"~ Retrieves physical properties from disk files.

Copies data for a component from a file into the library.

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.

(ERROR): Checks /PHYS*/ to ensure that a minimal set of

.5 DEFINE:

.6 STORE:

.7 SRCHLB:
.8 ERASE:

.9 SELECT:

data has been entered.

Allows user to enter values and new components into the

Tibrary.

Writes data from Library /LIB*/ to a disk file named

by the user.
Searches the component name in the disk file.

Erases all data in /LIB*/ for component I.

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

2.4.11

2.4.12

2.5

2.5.1

2.5.2

2.5.3

X, Y and temperature, pressure, and vapor fraction.

ACTFIT: It fits Anderson and Wilson parameters of correlations
for activity coefficients to experimental binary VLE

‘data.

HALT: Stops the program.

Service Routines

The Service Routines are miscellaneous computing chores.

GETLST: Obtains from the user a list of distinct positive
integers between 1 and max; Returns Tist and the
number of such integers, N. If a read error occurs

(perhaps the user requested help), N is set to -1.

SRCHFL:  Performs sequential search of the disk file for named

records.

READNL:  Accepts lines of text from terminal and having
delimited the text with "$NAME" and "$", writes the
text to the scratch file USCR. The calling program
‘may than use the NAMELIST features to read the lines
from USCR, 1ines are read from the terminal until a
semicolon (3;) is encountered characters following

- the semicolon are ignored.
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'Figuﬁe A.1 shows thé interrelationship among_the‘Auxi]iary,
Service, Exetutiyg and Mode]]ing Routines in DESPAC2.

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 DESPACZ, Therefore, no information

about them, are given in this text.
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Figure A.1 - Flow diagram of

s Auxiliary, Service, Executive and Modelling Routines in DESPAC2.

103




XYNORM

MOLVOL
LS RSTATE
DIMER
PHIHOC
‘=::::jtVIRHOC
- ACTCO
POYNT
| FLSHTP . PHIRK 5 cuBIc —s QUADRA
FLSHPV ISECAN VAPORP
PROGRAM ——>  XFLASH FLSHTV PHIXY <=:::::::f:
DEepac FLSHQU | SECANT
| FLSHTQ HLIQID ] > (©)
XYNORM

FLSHPQ HVAPOR

HALT . READNL

VIRHOC
HRHOC -=:::::j:DIMER

HIDEAL

KREF HRESRK ———= CUBIC ——5 QUADRA

MWAVG

ISECAN

SECANT

BROYON . Brovzz

SUPERT ISECAN
HVAPOR :
HLIQID > @

SECANT

0L




XYNORM

_g:—_——___—__—_____—_______-——e> MOLVOL

HCOMP
HEXCES > MOLVOL
VAPORP
(O———=> HLIQD HSATV -

| HRESRK

HCOND >
HDILUT - > MOLVOL
HRESRK > CUBIC

Figure A.2 - Flowchart of subroutine FLSHPQ.

—=> VAPORP

————= CUBIC ~——3=> QUADRA

———= QUADRA

S0t



APPENDIX B
DESIGN OF A SHELL-AND-TUBE HEAT EXCHANGER



The

106

APPENDIX B

Design of a Shell-and-Tube Heat Exchanger

mathematical model of a multipass, counter-current shell-

and-tube heat exchanger which is presented in Section 3.2.1.1, will

be derived
The

rates is

as follows:

basic relationship for all calculations of heat transfer

UAMt = m C AT (B.1).

D p

The amount of heat transferred per unit time (J/s)

- The design value of the overall coefficient of heat

transfer (J/s-m?-K)

Heat transfer area (m?)

Logarithmic mean temperature difference (°K)
Flow rate of fluid (kg/s)

Heat capacity of fluid (J/kg-°kK)

Temperature difference (°K)

Generally, a 10 percent overload is allowed.
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The Logarithmic mean temperature difference (LMTD) is defined by the °

following equation:

At, - At, , | ,
LMTD = ———— (B.2)
In(at, /at,) .

where for countercurrent flow

At

1 Tl = tz, and

Atz T2 - tl'
For cocurrent flow,

T, - t,, and

At, =
Atz = T2 - tz.
Temperatures:
T, = Hot-fluid inlet temperature, °K,
T, = Hot-fluid exit temperature, °K, ;
t, = Cold-fluid inlet temperature, °K,
t, = Cold-fluid exit temperature, °K.

In the majority of industrial operations, higher velocities,
shorter tubes, and a more economical exchanger can be found using
multipass design. In a multipass exchanger such as shown in Fig. B.1,
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
temperatﬁre—differenée (CMTD) [4].

CMTD = F x LMTD : (B.3)

For pure countercurrent flow, F = 1. As mofe cocurrent flow
is introduced, F is reduced and the efficiency of the exchanger drops.
The lower 1imit of practical efficiency is F = 0.75 to 0.80.

When designing shell-and-tube heat exchangers in series, the
Towest F value is for one shell. This value is raised as the number
of shells increases, and the flow néar]y resembles countercurrent flow.
The optimum value of F is between 0.75 to 1.

The general equation to determine F factor is:

Jﬁgf;—f) [(1 - P )/(1 - RP,)]

F=( p——— (B.4)
R-1 . (2/P.) =1 -R+ RZ + 1
In[ X —
(2/P) -1 - R - RZ+1
where
: 1/N
RP - 1
1- 5]
Py —— (B.5)
RP - N
R - [Fp—]
and
P=(t, - t)/(Ty - t1) ’ (B=6)
R = (Ty = To)/(t2 - 1) - (8.7)
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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

PYRE+ 1 /(1 - P) ‘ - ’
F = p— | (B.8)
,(2/Px)-1-R+/R2+1
In[ —]
(2/P). =1 =R - /R? + 1

and

PX = P/(N - NP + P) (B.9)

The equations presented are based on certain assumptions such as:
the overall heat-transfer coefficient, Uy, is constant throughout the
heat exchanger; the flow rate of each fluid is constant; the specific
heat of each fluid {s constant; there is no condensation of vapor or
boiling of liquid in any part of the exchanger; heat losses are negli-
gible; the heat—tranéfer 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 on]y,wheh the tube passes
are even multiples of the shell passes as shown in Figure B.2.

| After calculation of F factor and CMTD, Up is assumed. In this
method UD is the main iteration criteria. For the initial guess of UD’
approximate values of ho’ hi (Table 3.1 [3]) and h do’ h di_(Table 3.3
of Backhurst and Harker [3]) can be obtained and the Uy is calculated

from the below equation:
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Shell inlet
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Figure B.1 - Flow patterns in a Multipass Heat Exchanger.
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Figure B.2 - Flow configurati‘ons for Shell-and-Tube passes.
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h D D (8.10)

Then heat transfer area is found from Eq. (B.1). The total length of

tubes are computed, since

Area = (no.of tubes) x (tube Tength 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.

For the tube side;

Total Flow Area = (No. of tubes) x (Cross-sectional Area of tubes) (m?)

(No. of tube passes)
(B.11)

where, )
a ﬂDi
Cross-sectional Area of tubes = v

Then, mass flow rate of the fluid in the tube side can be calculated

from
My
G, = \ (kg/s-m2) (B.12)
Tota] Flow Area _
where
my = 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 = D& (8.13)

where
D is the inside diameter of the tube (mm)

G is the mass flow rate of the fluid (kg/s-m?).

u is the viscosity of the fluid at the temperature of the film

(Ns/m?).

When Re < 2100 the flow is streamline and

when Re > 10* 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.

h;D | |
= 1-860(D6,/u) (Cou/k) (D/L)30+ 23 (u/p, ) 01 (8.14)

For turbu]ent’flow,

h.D

= 0.027(D8,/u)2-2(Cu/k)®+ 23w/, )0+ (B.18)

1

the (u/uw)°-1“ as 1. Then, shell inner diameter (DS) can be approxi-

mately calculated from the equation pairs below:

i) For square pitch arrangement

- . 2 . =
Nt = 0'75(Z/Pt) : DS Z + 38.1 (B.16)

h. is computed\from one of the above equations, assuming the value of
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ji) For triangular pitch arrangement

N, = 0.86(Z/Pt)2 ; D, = Z + 38.1 (B.17)

t

Nt is the number of tube,

Z s a constant (mm)

P, is tube pitch (mm).

Next step is to evaluate fluid mass velocity on the shell side, as

follows:
6 = s (kg/s-m?2) | (B.18)
s a :
where
m, = mass flow of fluid (kg/s)
ag = cross area for flow (m2).

The cross area for flow is defined as

a = [(DSBy X 10'6)/Pt] : (m2) (B.19)
where

Ds = shell inner diameter (mm)

B = baffle spacing (mm)

y = clearance between tubes (mm)

P, = tube‘pitch (mm) .

In order to compute the shell side film coefficient below equation

is selected.
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hoD

= 0.36(D8o/1)°+*5(Cu/k)0« 2 (/)0 w2 (B.20)

Values of Equivalent diameter (Dé) for various tube layouts may be
found in Table 3.4 of Backhurst and Harker [3]. Initially (u/pw)°-1“
is set to 1 in the above equation.

Inside film coefficient based on the outside diameter (hio)

is obtained from:

h, =—29 (8.21)

The temperature of the tube wall (tw) is calculated from the

fo]]owing equations:

For the hot fluid in the tubes

w= A" G T - &) (8.22)

For the hot fluid in the shell ,

B = Talhio/ (hyg + ho))(Ty = ty) E (8.23)
where TA and tA are the arithmetic average fluid temperatures of the
hot and cold streams, respectively.

Then, viscosity at wall temperature (uw) is evaluated from

Thomas' Method.[36].

(B.24)
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where
u° = viscosity (centipoise)
o = density (g/cm?)
& = viscosity constitutional constant calculated from atomic

values from Table B.1

—
It

v Reduced temperature.

TABLE B.1 - Structural Contributions to Calculate 8 in Eq.(B.24)

c -0.462 o +0.335
H o +0.249 (=) +0.478
0 +0.054 CoHs  +0.385
1 +0.340 s +0.043
Br  +0.326 0 +0.105

CN  +0.381

Tube wall correéiion factor (u/pw)°-1“in Egs. (B.14), (B.15)
and (B.20) can be determined using the above equation. Tube side and
She]] side_fi]m coefficients is ca]culated again including the tube
wall correction féctor. Finally h1.0 and UD are obtainéd from Eq. (B.21)
and Eq. (B.10), respectively and initial and final values of Up are
compared, if the difference is less than the stopping criteria the
program terminates. |

The logical f]ow diagram of the iteration cycle is given in

Figure 3.1 in the main text.



APPENDIX C
MULTICOMPONENT LIQUID-LIQUID EXTRACTION TOWER
SIMULATION FOR DESIGN
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APPENDIX C

Multicomponent Liquid-Liquid Extraction Tower

Simulation for Design

The algorithm to simulate multicomponent, multi-stage, equilibrium-
stage 1iquid-1iquid 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 flow rates of light and heavy
phases constitute the iteration variables of the 1iquid-liquid extrac-
tion simulation problem. |

Figure C.1 shows a general separation stage.
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J+1
X1, .
i,J+]
F, 1s
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Z. .
Tsd 4 - > SLZJ -
X24.3
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' 153 L2,
L1, J-1
J X2. . 1
X1; . Tsd-
1,3
Figure C.1 - Schematic description of a general separation stage.
where,
Fj = overall flow rate of the feed stream to stage j,
L2j = overall flow rate of the light-phase stream leaving
stage j,

L1, = erra]] flow rate of the heavy-phase stream leaving
stage Jj,
SL2.=.overall flow rate of the light-phase side-stream leaving
“stage j,

SL1j= overall flow rate of the heavy-phase side-stream leaving

stage j,
i = component identification number,
j = stage identification number,
Z. = combonent mole fraction in the feed,
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1]

X2j

X]j

component mole fraction in the heavy-phase,

component mole fraction in the 1light-phase.

The algorithm is based on the relaxation technique, i.e.,yit
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

dt K1

L2. X2 7, .

i:j—] J 1,J

(H1 K1, 5+ H20X2, o) = L15qXT5 5pq + 125
- (L]j + SL]j)X]i,j - (sz + Ssz)Xzi,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

i at stage J is given by
X2, . =K. .X1. . (c.2)

A summary discussion of the phase equilibrium relationships is explained
below:

If two 1iquid phases are at equilibrium at a certain T and P

the equilibrium relationship for any component i is given by

QNSO 1<i<N (C.3)

1 —_ -

where ?1(1) and %i<2) fefer to the fugacities of component i in the
heavy and 1light phases respectively, and N is the number of components.

Fugacity of component i in a mixture of N components is expressed as
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.i

f1 = Yixif1 (C.4)
where
X5 = mole fraction of component i in the mixture
fi = pure-component fugacity Qf component i at the same tem-
perature and pressure as the mixture
Y. = activity coefficient of component i in the mixture.

Thermodynamic functions of 1iquid phases are weakly-dependent
upon pressure, but fi and Y; are dependent upon temperature. Therefore,
different thermodynamic models 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 1ight phases, and

they are inserted into Eq. (C.3), the resulting equation is

X2; = KX, (s

where Ki is called as the equilibrium ratio of component i, and defined

as
L (1) |
_ i
K'i -Y-Tz"y . (C.ﬁ)
.i
The substitution of the phase equilibrium re]ationship Eq. (C.2) into
the Eq. (C.1) results in
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d _ -

- DOy + Ry X1y (T = 12 0Ky o X1y g - LT+ L
+ (125 + SL2)K; 51X
P g Py (6)

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
éorrespond to the profiles during the very first stages of the transient
operation. If the time-dependence of the equilibrium ratios is neglected,
the term (Hlj + H2jK1,j) may be taken out of the derivative operator,

and Eq. (C.7) becomes

i, . 1 ]
= TR Y [251K, 51K, -1 - [LT5 + SL1y
SEAN e P
# (125 # SL2Ks ST 5+ LKl s+ FiZg 51 (C.8)
Fquation (C.8) may be written as
dX1;
7 T AL T B Gt TRy (69
where
Wy 5 = ] ' C.10a)
? .+
H1; + H2K; g '
L2, (/W | |
A, o= 7T (C.10b)
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.t .+ . + )KL .
L]J SL'IJ (LZJ SL23)K1’J

Bi,j e y (C.10c) "
‘ i,d
L1,
C; ;= J+1 (C.10d)
14] W. .
1,3
FZo o |
. SNERENE (C.10e)
\ Wi

Heavy-phase mole fractions are extrapolated by the Ball integra-

tion formula

T+ _ x1" T+1

X]i,j =Xl 5 + At[B(dX]i’j/dT)

+ (1 - g (e g/an)]

where 0<p<1. C.11)

Applying Eq. (C.9) for times both T and T+1, and inserting them into

the Ball integration formula yields

T+] T+] T+] T+] T+] T+] _
-BATA; g KTy g g + (1 + BATB, X1, 5 - BATC; 5 X1y 54q <
T T T+] T T

X1; 5+ atl(1 - B)E; 5 + BE; 51+ (1 - glat(A; 5 XI5 5,

T T T T e
Equation: (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:

RHLEERE | | (c.13a)
L2§+] - 12 (C.13b)
ng} = K} (C.13¢)
In this manner, values of the functions Ai,j’ Bi,j’ Ci,j’ Ei,j at time

T are used in Eq. (C.12), instead of their values at time T+1.

The tridiagonal matrix algorithm used for the solution of the
linearized form of Eq. (C.12).

The Togical flow diagram of the iteration cycle is given in

Figure 3.2 in the main text.



APPENDIX D
COMMON BLOCKS PRESENT IN DESPAC2
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BLOCK DATA

LISTED HERE ARE ALL LABELED CCMMON 3LOCKS, ALCNG WITH

THE ROUTINES wHICH ACCESS EACH BLOCK, SLANK (UNLABELED)

COMMCN IS AVAILABLE T0 THE EXECUTIVES AND AUXILIARIES OHLY.
ONLY ACTFIT USES BLANK COMMON IN THIS VERSION,.

READ ACCESS ALLOWS THE LISTRD ROUTINES TO USE THE VALUES
OF VARIABLES IN THE BLOCK BUT NOT TO MODIFY THEM 7
JRITE ACCESS ALLOWS THE LISTCD ROUTINE TO MODIFY THE VARIABLES.

AN ASTERISKR FOLLOWLING THE NAME OF A SUBROUTINE INDICATES THAT
ACCESS IS EXTENDED TC SUBROUTINFS CALLED BY THAT SUBROUTINE

IF A ROUTINE IS NOT LISTED, 1T DOES NOT ACCESS THE BLOCK.
"GLOGAL" MEANS THAT HANY ROUTINES ARE PERMITTED THE INDICATED
TYPE OF ACCESS.

R v G S Gk Y et T e e D G G S D e O D S e R Gt G e A s T Uy P G g G g ) G G g Gr (af O R 08 W P 6 P s G SN Gut T G S e SR B A B A M S A

txxtxkex P AR A M COMMON BLOCK swarsktwaxxrans
INTEGER UFIL,USCR,O,CIMNPHY,DIXLIB,DIKFSH
PARANRETERC(UFIL=1,USCR=2,UDF==9999 ,,0IHL1I8=25,DIMPHY= ZO)
PARAFETER(IN=5,0=46)
aakeaxkx N C O M P COMMON BLOCK IR ETETRT TR 2
CO4AHMON /MCOMP/ NCONP
whkhwexxxx I 0 E N T COMMON BLOCK *AkkxAx kAKX KX FXAXNX
CHARACTER*S IDENT
COMMCON/ IDENT/IDENT(5,DIAPHY)
kxkxxxxx P H Y § COMAON BLOCK ARRAAKRK XN AR RRR
INTEGER KMOOEL,ODLHV,AODLHL -
INTEGEK CONCDIMPHY) ,UCONCDIMPHY), NCON,NUCON
LOGICAL NEWSYS, FHVAF,FHLIQ,FHID,FHRRK,FHOILU,FHEXCS,
& FVYIRHG,FDIHER,CHNHOC
REAL MOLWNT
- bQuUBLE PRECISION FUCCN
COMMCON /JPHYS/ KﬂODEL/MODLHVIMODLHL:CONrUCON:NCONINUCONr
NEWSYS, FHVAP,FHLIU,FHID,FHRRK,FHDILU,FHEXCS,
FVIRHO,FDIMER,CHMHCC,
BROLHT(DIMPHY) »TC(DINPHY),PC(DIMPHY) ,VCC(DIMKPHY),OMEGA(DINPHY),
DELHF(DIMPHY) OELGF(OIMPHY) ,TREF(DIMPHY),PREF(DIAPHY)
CPVAPA(DIPPHY);CPVAPB(DIhPHY)ICPVAPC(DIﬁPHY)ICPVAPD(DIHPHY)1
ANTACDIHPHY ), ANTE (DIMPHY) JANTCCOIHUPHY),
RDGYRACDIMPHY), DIPOLE(DIHPHY) JETACDIMPHY,DINFPHY),
ZRACODIKPHY) » FUCONCDIMPHY,0), ACTPAR(DIMPHY,DIRPHY),
RKCHGA(DIFPHY)/QKO?GB(DIMPHY)IRKPCK(DIhPHY,DIFPHY)r
DENS(DIMPHY)
*xkkxxavx | I COMAON BLOCK Rkaxkhxtnhkdx
REAL MW (DIMLIB) ,Q(DINLIB),TTC(DINLIB),PPC(DIMLIB),VVC(DIMLIB)
REAL DH(DIKLIB) ,OG(DINLIBI,TRF(DIMLIBI,PRF(DINMLIB)
REAL CPACDIHLIB),CPB(DISLIB),CPC(DIXLIB),CPD(OINLIB)
REAL AA(DIMLIB) ,AB(DIALIB),AC(DINLIB)
REAL RDCOIMLIBI,DICDIMLIS) ETC(OINLIB,OIMLIB), ZR(DIMLIB)
REAL LLAM(DIMLIA,DIMLIB),ACTA(DIKLIB,DIMLIB)
REAL RKACOINLIB), RKB(DIMLIBI,RKK(DINLIB,OINLIB)
REAL RHUCDIMLID)
DOUALE PRECISION FUCE,DINMLIB)
INTEGER 10(5,0IMLIB),IDACDIHLIB)I,NCLIB,LIBKRAP(DINLIB)
INTEGER NCLIB,LIBHAP(DINLIB) _
CHARACTER ID(S,D1-LI2)~»5,IDACDIKLIB)I=S
COMACN/LLIBC/ID,IDA
COﬁFCN /LIB/ Me,0H 1ITC,PPC,VVC, DHIDGITRFIPRFI
+ CPA/CPS:CPCICPD: AA,AB,ACr RDADILET, ZR.
* LLAK,ACTA, RKA,RKB,RKK, FU, NCLIG,LIBKAP
COAMCN/LIBHEX/ RHO

PO PL LO UC U QO QO PO D RO

~— 25—
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S e 26 e

*ekxkkkx C K V AL U COMIAON BLOCK **xaxxdxwxxAx*w

COHMON /CKVALU/ VLIQ(DIMPHY),FREFER(DINPHY) ,VLIQID,VVAPOR,
t PHIVAP(DIMNPHY),PHILIG(DIMNPHY) ,GAKMA(DINPHY) ,PCTRISC(DINPHY)

AE AR AR R AR RN R AR AR R AR AR R AR AN R AR AN KRR AA AN AR AN AR AR NN AR AR A Ak
XAk kXA XA F S H CONMON EBLOCK ®Ax XX AxARAX XXX

PARAMETER (DIMFSH=23)

REAL U, UHAT,USCALE,G, ALPHA,HID,DLNKDT,PI,KQ, WORK

REAL TLO,TUP, PLO,PUP

COMACN /FSH/ UCDIAFSH),UHAT(DIMFSH) USCALECDIMFSH)»GC(DIMFSH),

+ ALPHACDIMPHY) JHID(DISPHY) ,OLHNKDTC(DINPHY),PI(DINPHY) »
+ KG(DIKPHY)» WORK (65D,

+ ot TLO,TUP, PLOLPUP

ERR AR AR AT AR AR AR AR AT A AR A AR AR AR Rk A AA AR R T AR NR R AR AR KA
COMUCN/ CSECAN/NSECANC3) ITEST,ATONE ,X»F sDXs XLOs XUP
COMMCN/ CSECAN/KOUNT,NAXFUN,DXACC,EPST,EPS2,ZLRO,XNC4A) L FH(A)

PARAMETERS (GLOBAL- CONSTANTS)
DEFINITION OF VARIABLES ‘
IN LOGICAL DEVICE USED FUR INPUT FRUH USER.
o LOGICAL DEVICE USED FOR JQUTPUT TO USER.
UFIL NUMEER OF LOGICAL DEVICE USED FOR STORAGE AND RETRIEVAL
. OF PHYSICAL FROPERTILS OR LXPFERIWENTAL DATA.
USCR LOGICAL DEVICE USED FOR SCRATCH FILE,
UDf VALUE WHICH MEANS “UNDEFINED".
™ DIMLI3 DIMENSION OF /LIB/ ; THE MAXIMUM NUHMBER OF COMPONENTS WHICH .
CAN BE STORED IN THE LIBRARY.
DIMPHY OIMENSION OF /PHYS/ ;7 THE KAXIHUM NUMBER OF COMPONEMTS
IN A SYSTEh i '
/NCOMP/ = NUMBER OF COMPONENTS IN /PHYS/
ACCESS .
READ GLOEAL

DEFINITION OF VARTABDLES

DATA NCOWP/1G/

WRITE RETREV,SYSTENM,DEFINELACTFIT

NCOHP NURBER OF COXPONENTS IN THE SYSTEM.
NCOMP=U <=> THE SYSTEX IS UNDEFINED.

JIDENT/ =~ ALPHANURERIC NAMES Of CONPONENTS IN /PHYS/

ACCESS

READ EXECUTIVES AND AUXILIARIES
WRITE RETREV*,SYSTEX,DEFINL*

"DEFINITION OF VARIABLES

IDENT ° ARRAY OF 25-CHARACTER NABES OF COMPONENTS 1IN SYSTEha .
NAMES ARE STORED IN 5-WORD COLUHANS, 5 CHARACTERS PER WORD.
IDENT(1,1) THRUY (511) CONTAIN NARE OF COHPONENT I

IN /PHYS/.



ACCESS
READ
WRITE

NEWSYS

KHODELL

CON
UCON
HCON
NUCGN

AOLWT
TC

PC

ve
O0MEGA
ANTA,8,
C

RDG YRA
DIPOLE
ETA
IRA
FOCON

ACTPAR

RKOHGA

RKOHGE
RKPCK
DENS

/PHYS/ =~ PHYSICAL CONSTANTS FCR KVALUE

KVALUE* JHVAPCR*,HLIWID*,GSTPXY
SYSTEM,ACTOBY

DEFINITION OF VARIASLES

USED 6Y KVALUE TO SUPPRESS RCPEATED CGMPUTATION OF
QUANTITIES WHICH DEPuND ONLY ON THE IDENTITIES OF THE
COMFONENTS IN A SYSTEM AND WHICH ARE INDEPENDENT OF
TEMPERATURE, PRESSURE, AND COMPOSITION.

ANY RCUTIHE WHICH KODIFIES /PHYS/ HUST SET NEWSYS=,TRUE. J
KVALUE RESETS NEWSYS=4FALSE.

SELECTS THE ®ODEL USED S5Y KVALUEZ TO ESTIMATE K~VALUESa
=1 ==> WILSON/VIRIAL HMODEL.

=2 ==> REDLICH=KWCNG EQUATION OF STATEL

=3 ==> ANTOINE EUUATION.

THESE VAKIABLTS DEFINED OHMNLY WHEN KMODEL=1, o

LIST OF "CONDENSABLE" COnPONENTS

LIST OF “HON~COMDENSABLE™ COMPONENTS.

NUABER OF “CONDENSABLE" COMPONENTS.

NUMBER OF "NGN-CONDENSABLE" COMPUNENTS

ACTIVITY COEFFICIENTS FOR CONDENSABLES ARE COMPUTED FROM
THE WILSON EQUATION , THE ANDERSON EQUATION (A CORRELATION
UF HENRY'S CONSTANTS) IS USED FOR NON=CONDENSABLESa
MOLECULAR WEIGHT.

CRITICAL TEMPFRATURE,

CRITICAL PRESSURE.

CRITICAL VOLUME,

PITZER'S ACEKTRIC FACTOR.

ANTOQINE COEFFICIENTS. '

RADIUS OF GYRATION.

DIPOLE HOMENTS

ASSOCIATION PARAMETERS.

CONSTANT IN RACKETT EGUATION FOR MOLAR VOLUKES,

CONSTANTS IN EXPRESSION OF C,A.ZCKERT -FCR CORRELATION

OF ZERQO=PRESSURE REFERENCE FUGACITIES,

6 PARAMETERS FOR EACH CGHPONENT STORED 8Y ROW.

ACTIVITY PARAAETERS.

IF BOTH 1,0 ARE "CONDENSABLE" (IE, APPEAR IN THE LIST
CON), THEN ACTPAR(I,J) IS A WILSON PARAMETER.

If ONE OF 1,3 1S CONDENSABLE AND THE OTHER NON-=CONDENSABLE
THEN ACTPAR(CI,J) IS AN ANDERSON PARAMETER. ’
“REDLICH-KWONG O0mEGA A" ; CORRELATING PARAMETER FOR
REDLICH~KWONG EQUATION AS MODIFIED BY PRAUSNITZ AND CHUEH,
“REDLICH-KWGNG OMEGA B",

"REDLICH=KWCONG~PRAUSNITZ=CHUEH K"

DENSITY.
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LI/ = L

ACCESS
READ
WRITE

DEFINITI
NOTE:

MW
oM
TTC
PPC
vve
DH
DG
TRF
. PRF
CPA,E,
C,0D
~AAs36,
RD :
DI
ET -
IR
LLAM
ACTA

RKA,B
RKK
RHO

FO

10

IDA
NCLIE
LIBHAP

ISRARY OF PHYSICAL CONSTANTS

AUXILIARIES _
RETREV*,DEFINE*,ACTFIT

ONS OF VARIABLES _

SYSTEM COPIES VALUES FROA /LIB/ TO /IDENT/ AND /PHYS/.
RETREV LOADS /LIB/ WITh SELECTED COXPONENTS FROM DISK FILES,
DEFINE ALLOWS THE USER TO MANUALLY INSERT OR MODIFY VALUES
IN /LI8/.

NEARLY ALL VARIABLES IN /LIE/ HAVE DEFINITICNS CORRESPGNDING
TC VARIABLES IN /IDENT/ OR /PHYS/.

K==> AMOLUT

<==> OMEGA

K==> TC

<==> PC

C==> y¢

<==> DELHF

<==> DELGF

<==> TREF

<==~> PREF

<==> CPVAPA,CPVAPB,CPVAPC,CPVAPD

CC<==> ANTA,ANTB,ANTC

<==> RDGYRA

<==> DlPOLE

<==> ETA

<==> IRA

WILSON PARAMETER "LOWER~CASE LAhBDA"

ANDERSON PARAJETER FOR CORKELATING ACTIVITY CO:FFICIENTS

OF hON—CONDEmSABLE COMPONENTS .

LNCGAKHALY) = ACTACI,d) + ACTACI, I/T

MWHERE GAHHAIJ IS ACTIVITY COEFFICIENT OF NON~CONDENSABLE I

IN CONDENSABLE J AT INFINITE DILUTION OF I AND

T IS TEMPERATURE,.

LLAM AND ACTA ARE CCPIED INTO ACTPAR IN /PHYS /W

<==> RKOMGA,RKOMGS

<==> RKPCK

<==> DENS

<==> FiCOH (PARAHETERS FO STORED BY COLUMN)

<==> IDEWNT IN /IDENT/

ALIAS ; S=CHARACTER ABBREVIATION FOR COHMPONENT.

NUHBER OF COPPONENTS IN THE LIBRARY.

LIST CF COMPCNENTS WHICH HAVE BEEN COPIED ("CHECKED 0OUT™)
_FROM /LIB/ INTO /PHYS/.

IF II=LIBHAP(I), THEN THE I-TH COHPONENT IN /PHYS/ IS

A COPY OF THE II-TH COMPONENT IN /LIB/.



r:: e S SS TSN a2 ======z=== ::?‘:E: == =2=z==T=s==o == ::::E‘E‘:: -= ==:======£§:£==:=:===
€ /CKVALU/ =~ THERMODYHAMIC QUANTITITES CCMPUTED BY KVALUE,

p .

€ ACCESS

¢ READ ACTOBJ, ACTEXP

c WRITE  KVALUE

c

c DEFINITIONS OF VARIABLES == SEE KVALUEw,

c

C
C
c ACCESS
o READ AND WRITE GRANTED ONLY TO XFLASH AND THE FLASH ROUTINES.
¢

DATA TLO,TUP/2004,80C./, PLO,PUP/L0U0T,50./

c

(=== == == === TZ =S SZ ST ST ST === SS SIS ST SSSSCSTSSSSS=SSISTSSIZ=SSSSSTTE=TST
C JCSECAN/ = INTERFACE WITH SECANT

c

c ACCESS

C READ AND WRITE ACCESS IS NECESSARY FOR ANY ROUTINF

c WHICH USES SESCANT. SEZ LISTING OF SECANT,

c -

END




APPENDIX E
EXPLANATIONS OF THE DESPAC? LIBRARY FILE
AND THERMOPHYSICAL PROPERTIES
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COMPOMENTS IN PU3DAT
THESE 91 COHMPONENTS ARE AVAILABLE TO ALL USERS.

ONLY THE PURE~CCMPONLHNY PROPERTIES FOR LACH COMPONENT ; NO 3SINARY PROPERT
* (EaGavs WILSON PARAMETERS) ARE PROVIDED IN THE PUBLIC DATA FILE,

NAME

ARGON

NITROGEN

OXYGEN

SULFUR DIOXIDE
HYODROGEN CHLORIDE
HYDR OGEN

HYDROGEN SULFIOE
AMMONIA

WATER

CARBON TETRACHLORIDE
CARBON DISULFIOE
CARBON MONOXIDE
CAR3OMN DICXIDE
CHLOROFORM
DICHLOROMETHANE
FORMALDEHYDE
FORMIC ACID
NITROMETHANE

* METHAKE
FETHAMNOL

T TRICHLORCETHYLENE
ACETYLENE
METHYL FORMATE

ACETONITRILE
ETHYLENC - )
1,2=-DICHLOROET HANE
ACETALDEHY OE

_ACETIC ACID
ETHYL IODIDE
NITROETHANE
ETHANE
ETHANCL
ETHYLENE GLYCOL
DIMETHYLAMINE

PROPYLENE
ACETONE

HETHYL ACETATE
PROPICNIC ACID
1-NITROPROPANE
2=NITROPROPANE
PROPANE
N=PROPANOL
I-PROFANCL

. TRIMETHYLAMINE

ALIAS

AR
N2
02
$02
HCL
He.

"~ H2S

HH3
H20

(o of XA
cse
co
co2
CCL3
ccL2
C1AL
cig
C1NO2
c1
HEQH

TCE
can
C1F
c2n
2=
120CE
C2AL

c2g

ETI
C2NO
c?
ETOH.
£G
YA

C3=
HEZ2CO
C1AacC
€3¢
1C3450
2C3IN0
c3
NC30H
IC30H
T¥A

C3HON

FORMULA

AR
N2
02
0¢s
HCL
H2
H2S
H3N
H2Q

GCL4
cs?2

Cco

co2
CHCL3
CH2CL2
CH20
CH202
CH302N
CH4
CH4C

- C2HCL3

C2H2
C2H402
C2H3N
C2H4
C2H4CL2
C2H40
C2H402
C2HST
C2H502N
C2H6

:C2H60

€t2de02
C2H7N

C3HE
C3He0
c3dé6cC2
C3H602
CIH702H
C3IH702N
C3H8
C3H&0
C3H30

THE FILE PUBDAT CONTAINS

s mIEALARASRE NI ERE.
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1~3UTENE
2~BUTANGNE
TETRAHYDROFURAN
1,4=DI0XANE
ETHYL ACETATE
N=BUTANE
I-BUTANE
N=BUTANOL
2=-BUTANOL
I-BUTANOL
TERT-BUTANOL
DIETHYL ETHER
ETHYL CELLOSGLVE
DIETHYLAMINE

FURFURAL DE HY DE
PYRIDINE
ISOPRENE
CYCLOFENTANE
N=PENTANE
I=-PENTANE

CHLORCBENZENE
NITROEERZENE
BENZENE
PHENOL
A{ILIMNE
CYCLOHEXANONE
CYCLOHEXANE
1-HE XENE

METHYLCYCLOPENTANE

CYCLOHEXANOL

2,2-DIMETHYLBUTANOMNE -
N=BUTYL ACETATE

N=HE XANE

2,3~DIMETHYLBUTANE

TRIETHYLAMINE

TOLUENE

METHYLCYCLOHEXANE

N=HEPTANE

STYRENE

O=XYLENE
F=XYLENE
P=XYLENE

ETHYL 3ENZENE

N=QCTANE

2,2, 4=TRIMETHYL PENTANE

N=DE CANE
N=HE XADE CAHE

1C4=

2C4=0

14D0X
c2acC
NC4
IC4
NC4CH
2C4 0H
1C40H
TC4OH
DEE

DEA .

FFAL
PYR
IPREN
0C5
nes
IC5

8ZCL
8INO2
8
8ICH
BIKH2

GCo
1C6=
MELCS

-JCE0H

220N8
NBAC
HCo
2308
TEA

TOL
HEUCO
NC7

STYR
oXxYL
wxyL
PXYL
ETBZ
NC8

2244P

NC1Q
NC16

C4 HS

C4HB0
C4480
cadsce
C4H802
CeH10
C4H1D
C4HINO
C4H1O0
C4H10O
C4H100
C4H100
C4HTO2
C4HTIN

C5H402
CSHSHN
C5H8
C5H1%
C5H12
csd12

CoH5CL
C6HS Q2N
CoHé
C6HoOO
COHTN
C6H150
CoH12
C6H12
CoH12
C6H120
C54120
C6H1202
CoHl14
CoH14
CoH15N

C7H8
C7H14 N
C7H16

C5H3

C8H10
cam
CBH10
C8H10
C8H13

C3H18

C10n22
C16H34

132
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PHYSICAL PRUPLPRTIES FuR CESPAC

EXPLANATIUN , ‘ '
EACd LINE IS OF THZ rD?‘ <PRTFIXD SUUR Cx CLTE

PREFFIX DeSCRIFTIUN OF uﬁTi

-k TOENTIFICATION.
= FUNDARENTAL PKIPERTLIFS GF PUQL CONPUNENT.
N STANDARD STATE RTLATTIVE TU PURT FLENONTS.
c . PERFECT GAS HEVF CAPACINILZS,
A AHTUINE CUGFFICLFENTS., :
# CONSTANTS USED BY VIRIAL ,MD #.GLYULG
: DIMENSIUNLESS PARAEETERS FCk ThL RIEOLICH=KNUNG ECUATICN,
() CONSTANTS USED BY PsThT..
$ DENSITY
g BIMARY ASSUCI&T‘GN rAPb“FTChﬁ FOIR VLRIALa
A JILSON PARARETZRSL '
H PAPAMETERS FUR CORRLLATLION OF bchRY'S LﬂH CATAS
g

INTERACTYION PARAMETZR Iti PRAUSKITZ=ChUEH REDLLICH=KRCNG LQUATIUN,
DESCRIPTIUN OF VARTABLES

# NAAE T - 25=CHARACTLR NaME OF COMPONTNT (FTRST LN SINARY SYSTEX).

¥ ALIAS 5«CHARACYER »B3RLEVIATIGA, _ :

# FIRMULA ATOMIC FOR:SULA (C H u i S F CL BR L UTHERS ALFHABETICZLLY),.

‘= HOLAT  HOLECULAR HELGHT.
= O1EGA PITZER'S ACENTKIC FACTUR.

=>7C CRITICAL TLHPERATURE (K).
= PC CRITICAL PRESSURE (34R).

= VC CRITICAL vuaLudL (¥L/nCL),

v DELHF ENTHALPY (J/7iCL) OF FCR7ZATLICK UF PURE COHPUNENT IN TrE
. PERFECT=GAS ST.TE AT TRFF FRUH PURE &lLrMENYS IN THEIR w»bOST
STABLE STATCS AT 293 K AND L biKs
G DELGF ° GTYBBS ERERGY (J4/a0L) OF FCRVATION UF PURE COMPCNENT LN THE
; - PFRFECT GAS STiTc o1 TREF4PReF FKCe PURE FLFFENTS 14 ThELR
© T mDST STABLE STATES AT 298 K AKD 1 BAR.

v TREF REFERENCE TEmPbRATURE (K) FOF UELFFoCELGF.
4 PREF REFERENCE PRLESSURE (8AK) FUR CELHF,DELGF.
C CPVAPA COWSTANTS 1 THF PLRAFSCT=GAS REAT=CAPACITY FULATICN, WITH
C CPvapg CP (J/a0L-K) = A + 3%T + CxT¥32 + [OeT443
C CPviPC wHERE T IS TLIPERATURE (KD,
C CPVALPD
C TAN»THMX INTFRYAL UOF TEAPZPATURE (K) FOR WFICh ayBsCsU ARE VALID.
A ANTA CONSTANTS IN ANTOTHF VAPOR=PRFSSURLE ECUATTUNs WITH
AT 3 VAPOR PRESSURI VP {84iR) GIVEKN &S FUNCT1ICN OF T () 3Y

AHTC LHEVP) = AllTa = ANTS/(T + At10).
A TAnsTHX UONALIN OF TECEPLERATURE (K) FOk ANTCOINE ECQUATION.

LOGYRA  RADIUS UF GYRATTIH (~).

#

3 DIPJULE OTIPOLE MOILNY (DEBYS),

# eETA ~ . CHEMICAL ASSUCLATTUN PARAY:TuR FOR PATR Isls
# IRaA COISTARNT Tdl THI RACKLTT nCULTTUN,

R

VST xR CAMRELATLING PARALFTER (FL/aOL) 5 HOT USED BY’KVALUE-

KRKONGA  COKRELATING PRLAATTORS T RILLICH=KHCNG BUUATIGN,
KK3468

{ FCon COMSTANTS IN 2tPU~P REFCRFIUCE FUGACITY CORKELATION OF CeAECKERT.
( TAnTHX OANALN UF TEPERATUR: (K) UF BATA TC€ WHICHh FUCON heRE FITa
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g . 3 DENSITY AT 7298 K (G/CY%*3)

NAHE J N

[ NANE UF SZCONHC COHPONENT Id BIHARY SYSTEHM.
£ ETA CHE S

ICAL ASSGCLATIUN PARAMUTER FOR PAIK Isds ‘ ' -

n NA4S J NAAE OF SECINLC COMPONENT Ta BINARY SYSTFne
WoLLat HTILSON PARAETERS (KD

H NANS J NAAE OF SECONEC COMPONFNT IN bINARY SYSTFha
H aCTA ANDERSON PARAMLETERY FUR CORRELATING ACTIVITY COEFFICI&LTS uF
b HOH~CUNDLENSABLL CCHPURENTS.

i . LN(GARRALZ2) = ACTALZ + ACTA2i/T

=k WHERE GAn4ALZ IS ACTIVITY COLFFICIeNT CF NUN~CUNDEnSABLE 1
v IN CUNUDENSABLE 2 AT INFINITE ODILUTICN ULF 1.
T (S Te"PERATURD (K¢

VR K HAHE J NAAT OF SECONC COMPCHENT I BTNARY SYSTCHs
1 K RKPCK  PRAUSHITZ=CHUEH INTERACT1Oi PAKANETER FOR RELLICH=KWONG £QUATTON
w
‘.‘ w )
! : FURHAT 3 '
: : * Hadte 1 ' 4LLAS  FORRULA
e = AQLHT UEGA TC PC ve
; a DFLHF OELGF TKFF PREF
‘; c CPVAPA CPVAPB CPVAPC CPVAPD T¢IK TAAX
ERY A ANTA ANTB An1TC TeIN THRAX
: 4 ROGYRA DLPULE ETx IR VSTAK
; Teoe RK O GA KK0HGB
RV ( FUCON(Y) FaCau(2) FUCON(3) TN
: ) FUCON( 4) FOCOH(5) FCCON(G) THAX
=
: 5 DENS i .
Y E  HNa¥e J ETA(Is4)
a4 L] HAME J LLAL(LsJ) LLAHC(J 1)
: H  NAXE J ACTillsd)  3CTA(Js1)
- K HaMe J RKPCK{1s4)
18421432,UCLPy BUy PU3 , 1, 13EKLNS.
-
-
g .
L2
- e
v
-
v
~




APPENDIX F

INPUT anp OUTPUT syMBOL DESCRIPTION
FOR COMPUTER APPLICATION
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-~

CHrRaxxdp b b dn Ryt dn I I F e x A r A L AR A A H S I B e ¥R A H R I EE F SR Lty r SRy n
C

C KYALUE = VLE PACKAGLE

c .

CHr et I ¥ R AR R R A I J s W R YR A P A e e A B AR NIV SN KRN BRI AL APt L o0 SR
KVALULF Paka™ITLRS

INPUT PARARFTTRS

SYa30L  DESCRIPTION

T TZHPERATURL (K)o

P PRESSURE (BARI.

x(D) NOLS FRACTION UF CU4PORTHT T = LICUID PhASCs

t{l) A0LE FRACTIUN i3F CO¥PCHENT T = VAFUR PhASE,

UUTPUT PARAHETERS |

SYRBUOL OFSCRIPTICON

K1) EQUILIBRIUIL COHSTAHT (K=VALUL) OF COEPCNENT 1.

naTE:

= K{I) = Y(L)/x{T} QLY HRTu THE LTIULD AMLC VAPGP PHASES, ARE IN

FQUILIBRTIUY ; THUS sy THE vaLuf CF w{l) TeSTS FOR BUT COES w01 DICTATE
SQUILIBRTIUN,

COCOG OO0 OO0 00000 OO0 OoOOOO0Onn

'###»*##!####*#*###4##v#$ﬁ#)m#y#*v##&#a**#y#######v###v#»##¢¢4¢#$#$$»*¢¢¢#4#¢54%
PHASE = DEN POLNT AND BUIBLE PUTNT CaLCULATIGH -

LR T N Ly R e R T L e T e L R R Rt I E AR RN T SR
PraSE PARAALTERS |

LNPUT PARANFTEKRS

SYasUL DESCRIPTIGN

P PRESSURE (BAR) FOR Otw/BUBBLE TFnPERATURES

T "TEHPERATURE (K) FOR OFW/BLBBLE PKESSURES,

(L) HOLE FRACTION OF T Lii Thi SYSTuM,

TLU LOMER BOUND ON DEW/BUBBLL TFnPERATURLS (K). 10yaeu
1up UPPFR BOUND UN DcH/8UBbLe TFRPURATURES (K)o« §CUae
PLO LOHER BOUND ON DEK/BUBSL: PRLSSURES (84R)e AFRUAD

e, . ————— - - . — o ———— e P

PUP UPPER BOUND N DEH/BUBLLL PPESSURES (8AR)s 106,10

OO GO aCOOC OO0 C oGO0 COcC
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UUTPUT PARAMETERS

SYadul DESCRIPTION

8T BUBBLE TEUPERATUKE (K) 5  TEPFKATUKRE OF SATUKATED LIWULD CF
COMPUSITION Z AT P, : : v '

oT DEW TERPERATURE (K) §  TFAPERATURE GF SATURATED VAPUR OF CORPGSiTION Z
AT P

&P SUBSLE PRESSURL (BiR) 5 PPuSSURE OF SATUKATED LIGUID OF COLPLSITION Z
AT T, v -

bP DB PESSURE (BAR) 5 PRESSUR: OF SATURATLO VAPUR OF CCnPUSITION Z T
T,

Y8T(1} RALE FRACTIUN 0OF COMPONENT T IN Vapor AthH 1S IH EQUILIZPIUN WITH
LTUUID OF COMPUSLITICH 2 AT PsBT.

XOTCLY HULF FRACTION OF COMPOLENT T Iji LIGVUIGC WHICH IS IN EGULLIBRIUM WITH
"VAPOK OF CUnPJbITIUN Z AT PyuT,

Yge(l) LHOLE FRACTION UF Cu4PONENT T Tn VAPAOR WFICH IS IN EQUILIBRIUK wITH
LToulD OF CGHPOSITIGU L AT BPsTo -

xoei{i) fnOLE FRACTION UF COMPONTHT T In LIQULD WRICH IS IA EUUlLlEkIU“ ¥1ThH
VAPOR OF COUAPISTITIGHN Z 2T UPyT.

N0TZS e

~ OT ANU BT ARE NEVER ALLuHcD OUTDIU* ThE CLOSZD. INTFRVAL TLOSTUP &

- Dp AND BP ARE N‘VcR ALLGYeD GUTSIDE THE CLOSED IHTFkVAL PLGsPUP . e
~ THZ INITTALIZ:D JALUSS OF TLG, TUPy FLOy ANL PUP ENCLUSe wIDE .
INTERVALS VHICH USUALLY WORK WELL #iThH ThE WILSGN/VIRIAL NOLFLe  FOR

THE REOLICH=)U0NG MUCELy LT HAY Bz LFCESSARY TO DEFINE AaCKE NARROW
THTLRVALS ‘PPROPRIATE Tu Tre SYSTEH CF IMIEREST.

a(‘zt"a(’)(‘:fat')ﬁﬁﬁﬁf:("ﬂﬁﬁf‘;ﬁflﬁnﬁﬁnt‘lt‘:ﬁﬁr‘:ﬁﬁﬁﬁ(’-ﬁﬁf)t‘bﬁ(‘bﬁf

{
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. CCEREEFR R R RN R AR R SR AT R L AN NG A I KRR A b RN RN ANV A a kI A Y Sk wt bk vk

;e
5 ' ¢ FLASH = FLaSH CALCULATIONS
c , . R o
P Y R e T T T Ly PR PP P PR TP P T T P TP TS T PR SO PR T T P P
. C FLASH PEKFURNS TWO~PHAS® VAPUR=LLIQUTD FLASH CALCULATIONS. SIX VARIATIGNSs CR.
- "TYPES" OF FLASH, ARk AVAILABLE. TFEY INCLUDE THF ADIABATIC FLASHES (PQ5Tu)s
LSOTHER”AL FLASH‘(TP),‘AND DEU=~ »ND BUBBLT=PUOINT CALCULATIQﬁS (TvsPV),

FLASH PARAhETtRS

svnaUL ;“ DESCRIPTION

T TEHPERATURE (K) OF FLASH,

p  PRESSURE (BAR) OF FLASH.

& -

|

f>n<16>ncwrmf:ncﬁrvrwotwrzn

Q- HEAT ADDED (J/:40L) TO FLASH PER nCLF OF FEED TO FLASH,

< |

b

" FRACTION GF FCEN WHICH TS VAPORIZEU. <= V <= 1,
Val ==> NO VAPUR PRODUCT FORAFDW - »
S ¥=l-==> NO LIGUID PRUDUCT FCRMED.

x
T
s

~ ENTHALPY (J/a0L) OF FEED,

X
A

ENTHALPY (J/aCL) OF LICGULO PROCUCT. .

x
-

©. ENTHALPY (J/a0L) OF vAPCR PRUCUCT,

K{1) C EQUILIBRIUA CONSTANT (K-VALUL) ; K(I) = Y(I)/X(I) WHEN TWO PHASES ARE
~ IN EQUIL1BRIUM. : : ,

AITI)  SPLIT FRACTIGN ; FRACTION OF 1 ENTEKING IN FEED WHICH LEAVES IN THE
YAPOR PRODUCT. ' ' ‘ ‘

Xy  n0LS_FgAcT1oN UF COMPONENT T In LIuUID PRODUC T4
Y. HOLE fRAbrlon OF COAPONENT T TN VAPOR PROCUCT.
- HOLE FRACTION UF COMPONENT I IN FEED.

TLU LA4ER BOUND ON T FOR PUs PV FLASHES,

TUP  °~  UPPER BOUND ON T FOR PQs PV FLASHES.

PLU LOWFR BOUND ON P FOR Tus TV FLASHES

pue UPPFR BOUND ON P FUR Tus TV FLASHES.
: SEE THE DISCUSSIUN GF THESE PARAAETERS UNDER PHASE.

GUESS- CONTROLS ThE GUESSING OF QUTPUT VARIABLES TePsXsYsVse THE FLASH
ALGORTTHAS REJUIRS AN INITIAL OUESS FOK OUTPUT VARIABLESs USUALLY AN
AUTOHATIC PRUCEDURE PRUDUCES GUESSES GUOO ENOUGE TQ FIND THE COURRFLT
SOLUTTONs BUT UCCASIONALLY THIS GUESS 1S TOQ FAR FRCK THE SOLUTION TO
ALLOW CONVERGENCEs THIS IS OFTSN THE CASE WHEN EQUATIONS OF STATE
SUCH AS THE REOLICH=KWONG kUUATIUN ARE USFD TO ESTIMATE K=VALUES. 1IN
SUCH A CASEs THE USER XAY SUPPLY RIS OWN GUESSES (DR USE THE
CONVERGED RESULTS OF A& PREVIOUS SOLUTICN) FOR OUUTPUT VARIABLES Ta Py
Xs Ys OR'V, '

GUESS = { ==> . PROGRA! GUESSLS TUTPUT VALUES.

GUESS = L =~>  USER GUESSES GUTPUT VkLUES.

.)ﬁnﬁﬁ(’ﬁﬁﬁ(‘:ﬁnﬁﬂﬁﬁﬁﬁﬁfzﬁﬁﬁﬁﬁﬁﬁ(ﬂﬁDr.ﬁr.ﬁﬁ,ﬁnﬁ(‘Aﬂﬁﬁﬁ
' : L L
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-

ABSEDIl = GAS ABSURPTION (FOKISTER nTYHOC)

oo

B R L L R L B o R T S i R e R LTS T T

[l

ABSFEDH PARAALTLRS
LHPUT PARANETERS

SYisBOL DESCRIPTION

TT TEAPERATURE (K) AT TUP OF COLUIM.

8 . TFUPERATURE (K) aT BOTTOr OF CGLUNN,

P AVEEAGE PELSSLRT (B4AR) THRUUGHUUT‘CGLUhNy

LT ROLAR FLOMKATE OF LIWULD Fqu LRTC TLF OF COLLGN,
3. --WTWHOLAR,ELOMKLTE OF vARCK FEeD TNTU'uUTTOH‘DF CLL LN,

N "' NUABEK OF Tri I ETICAL EQUILTEALUA STAGES.

XT{1) ~ HOLF FRACTION OF CO4PONTNT T Tiy LIQUIC FEED (TOUP).
Y3(1) HOLE FRACTION GF CUtPONERT 1 Ih vAPOK FZED (BCITOR),
UITPUT PARAMETERS

5YdBOL OTSCRIPTIGH

vT - hOLAR FLOUKATE OF VALPOR PRUDUCT FRGH TGF OF CCLUAN,

L HOL AR FLUWRATE OF LIQUID PROCLCT FRCea BOTTU™ CF CCLUHN-

YT(I)_ thE FRACTION OF COMPONLNT T It VapCr PRCDUCT'(TOF).

X3(1) HOLE FRACTION uF COlPONERT T 1k LXCUIC‘P&UDUCT (BCTTLE) .

X170 SPLIT FRACTIGN ;5  FRACTIUMN COF COAPUNeNT I &HTE#ING In LT HHICH‘LtAvES ‘
I v, .

AIB (L) ) SELTT FRACTIUN ;7  FRACTIUN NF COWPUNENT { ENTRRLING IN vB HAICH LEAVFS
N LBe
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KATIO

ALPHA

ETa

XF

AU
F

u

X\

LB
VB
NT
N8

NOTE:

< : ‘ S )
nnnnnﬁn@nnnnnnhnnnr\nﬁﬁonnnnnnnnpnc‘:nnnnnnnﬁc‘.nnnnocnnnﬁnt‘-'nnnnnnﬁnn

¢ - .
e " HCCABE = “CCABE=THIFLE BLINARY DISTLLLATION

 WCCABE PARAMETERS
INPUT PARAHETERS’

SYasOL  DESCKIPTION

USED TO CALCULWTE THE ACTUAL REFLUX RATIO TYPICAL VALUE

L LR R L T T T e g P P PR PR P P TR P PE I PR LTS TP P E S P PR PR

CHAB IR Ra R Re btk pafe 3oty 5 A5 R debe 3R 4 44 4R IR IR VR IEAB ISP DN RRIE Lo bt bn ¥

IS 1¢3. THE

ACTUAL RiFLUX KATTIU MILL Bk KRATTU TIKES Thiz HINIRUN REFLUX RATILC.

VOLATILITY OF COAPUNENT i RELATIVE TO CCAPGNENT 2.
ALPHA HUST BE GREATFR THAN 1.0,

WUALITY OF FEEDe SFEE HOTE BELUH.
Q=9 ==> ALL FEED IS VAPUR AT ULEN PCINT.
Q=1 ~=> ALL FEED IS LICUID AT BUBBLE PCINTe

WURPHREE GAS-SIDE STAGE EFFICIENCY ~ USED TO STEP OFF STAGLSe 1V

_ MOLE FRACTION OF CUMPONENT 1 IN FFEO.

' KOLE FRACTION OF COMPONENT 1 In DISTILLATE.

MOLAR FLOWRATE OF FF:20.

 AOLAR FLOARATE OF OISTILLATE.

UUTPUT PARANETERS

SYRBOL  DESCRIPTION

HOLE FRACTION OF CuMPONENT 1 IN BOTTCH PRODUCT.

MOLAR FLOAKATE OF BOTTGH PROCLCT. -
CINTERNAL ROLAR FLONRATE OF L1CUID IN TGP OF CCLUAA.
INTERNAL AULAR FLOWRATE UF VAPGR IN TGP GF CULUKN.
INTERNAL MULAR FLOJRATE OF L1CUTD 1N BUTTOM OF COLUANS
INTERNAL NOLAR FLOWRATE UF VAPUR IN BOTTON OF COLUHN.-
NUNBER OF STAGES Ti TOP OF CGLUMN (INCLUDES FEEC TRAY),

NUMBER OF STACES IN BOTTUH OF COLUiNe

- DEFINITION OF FEED WUALITY, Q:

ADP = riF

U = memmacam

HOP=FBPT

HHERE :
KOP = ENTHALPY OF VAPOR AT DER POINT

HF =  ENTHALPY UF FEELD .
FBPT =  ENTHALPY UF L1QUIL AT BUBBLE POINTY

.
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P

R L T S T R P T Py P Y PP T2
. C - SHTCUT = SHORTCUT MULTLCUMPOWENT CISTILLATICN
¢ . .

C*#f#*# (IR E AL EI SIS SRR Y ###;#{i###{i I FTY S FE TS PR TE EY ¢>$ IS 2RISR S A 2R R LR PR RS SN
SHTCUT PARAHETERS

ENUIERATED PARAMETERS

SYHSOL  DESCRIPTION

HEW .. TRUE FOR NEW COLUXM 3 FaLSE FUR GLEL CCLUMNa

A NEM COLURMN IS DESIGNED BY SPECLIFYING FTL ; AN OLD COLUMN (ONE #FICH
PHYSICALLY EXISTS) IS CHARACTERIZED BY SLy THE NUMBER OF THEUPLTICaL

STAGES. : ‘ : . .

IK ' SELFCTS METHGO FUR FINDINCG RLFLUX KATIG Ra
IK=1l ==> R IS CHUSEN SUCH TRAT THE RaTIO
 <INTERNAL FULAR FLOWRATE OF VAPORD
e ———————— = VERAX o
<HULAR FLOWRATE.UF FLEDD
© 1Ka2 ==> R IS SPECIFIFD & PR{OKT, S
IK23 ==> R IS A FUNCTION OF THt nrnraun REFLUX RATIC H
. IEy R = RFAC#R%INu-

> ' o * - : | . ’ o

AUTQ ' TRUF IF VOLATILITTLS ARE 70 BF CU“PUT D AUTOMATICALLY 8Y FLSHTP ;
UTHEKWISE FALSEW ThE VOLATILTTY OF a CCaPONcNT 1 RELATIVE TO A
COMPONENT 4 IS GLVEN BY THE RATTIU UF K=VALUES K{1)/Kk(J4} 5 THESE K=
VALUES ARE COMPUTFD BY FLSHTP aT Tq P AND Z=xFe

INPUT! PARQHFTERS

SYHBOL DESCRIPTIGN

LKEY INOEX OF THE LIGHT KEY COMPONENTe THe hFAVY KEY IS THE COUHPONENT
WHOSE RELATIVE VULATILITY 1S MEXT SHALLEST TO THAT CGF THE LIGHT KEY.

v QUALITY OF THE FEED.
=y e=> FEED 1S SATURATED V4PUR,
W=l ==> FEED 1S SATURATED LiQUID.

XF(I) MOLE FRACTIUK OF COAPGNcNI L IN FERU,

VFHAX (REQUIRED WHEMN IK=1)
THE MAXTHUH ALLOWABLE VALUE UF THE RATIO
CINTERNAL HOLAR FLOWRATE OF VAPCRD

<HULAR FLOWRATE UF FFEDD

PRV ~

nnr.nnnnnnnnnnnnr.nnnnnl":nOhr.nnonﬁﬁﬁnnnnhnnﬁnnnnnnnno
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R °  (REQUIRED WHEN IK=2) REFLUX KATIG.

RFAC © . (REQUIRED WHEN IK=3)
FACTOR BY WHICH RAIN IS WULTIPLTED TU GIVE Ry THE ACTUAL REFLUX
RATIU.

TsP (REQUIRED WHEN AUTU IS TRUE)
TENPERATURE (K) N PRESSUKE (b2R) AT WHICH FLSFTP COMPUTES RELATIVE
VOLATILITIES,

ALLT)  (REQUIRED WHEN AUTU 1S FALSF)

CVOLATTILITY UF COMPUNINT 1 RELAVTIVE TO ANY OTHEK COHPUNENT 3 ON CUTPUT,
‘ALL VOLATILITILS ARF SCALED KFLATIVE TU TFE HCuVY KEYs

FTL : (REQUIRED HHLh NEW IS TRUFR)
L FRACTIUN OF LIGHT KEY RECOVERED AT TUP CF COLUKLN.

sD. (REQUIRED WHEMN NiW IS FALS:)
THE HUdBER OF TR ORZTICAL STAGES IN AN FXISTING COLLIN.

F8H - - FRACTIUN OF hFuVY KEY RECCVERFU AT BULTTGA UF COLUMNG
QUTPUT PARAME TERS

SYM30L DFSCRIPTIUN

FTL .~ (UUTPUT WhiEN NEM TS FALSE) :
FRACTIUN OF LIGFT KEY KECOVFRABLE AT TUP OF COLUEN WITH A COLUAN OF
$D TH‘ORETICAL STAGES,

FTR . LOCATION. OF FEED TRAY = TP- NUMBER OF THEOKETICAL STWGES FROK THE TOP
' UFf THE COLUHN. :

50  (OUTRUT WHER NEW TS TRUE) ,
NUABER GF TREORETICAL STAGES NLCESSARY TO EFFECT THE SEPARATION
SPcCIFIED BY FTL, o

SHIN HTNTHU& NUHnBER OF THZORETICAL STAGESe SD = SHIN WHEN R =:INF1N1TY;

K : (OUTPUT WREN IK 1S NOT 2) ACTUAL REFLUX RATIOs

CRHMIN ;,uINIRUn"RéFLUxﬂnntxn. . e e e e e e
XD(I) AOLE FRACTIJON UF CUMPONENT 1 1IN DISTILLATE (TCP)e

x8(1) WOLE FRACTION OF COYPGNENT T IN BCYTCHS PRUDUCT.

AL{T)  © (OQUTPUT wHEN AUTO IS TRUZ)

VOLATILITY QF CCHPONLNT 1 RELATIVE TO THE HEAVY KEY.

KEC(1) = RECOVERY UF 1 = FRACTION CF 1 ENTEZRING IN FEEC WHICH LEAVES IN
. OISTILLATE. -

Ry ALy FTLs AND SD - ARE FITHFR INPUT UR QUTPUT, DEPENDING ON NEW, IKy AND
AUTO0s  DESPAC PRUNPTS TrE US:cR® FOR CNHLY THE REUUIRLED NAMED PARAMETERS
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cCOC

L LI EEEE L ELE LA R R P N S N A T N Iy 2 S PR R RN 4
COLUIN =~ RIGUROUS COLULE CaLCULATTGH
PP R R R LN I SN T P e g LN L SR RIS I T P PR T T T
CULUMH PARA4ETEKS
INPUT PARASFTERS

SYhBuUL DESCRIPTION

NS NUHBER OF STAGES. NS 5= 2.
bETA LTQUID FRACTICH uf OJLSTILLATE PFOCUCT. 1,0
BETA = 1 = v(inS)IsD v <3 Bt Ta <= 1

BETA = 1 =a2> JUTAL CONDRHSEF

N RFFLUX RATIU, \
K8 REBOIL KATLU, R8 = v(1)/L(1)

PT -~ * PPRESSURE (BAR) It CONCENSEK.

P3 . PRESSURE (BAR) IN KEBOILLR.

FEED

K INDFX OF FECO STAGEs TP

TRNPERATURE (K)y PRFSSURe (BAR) GF FLEL TC STAGE Ke Z(1)

AOLE FRACTLIOM OF CO#PONENRT T T FFEC TU STACGE Ke TnE ELTHALPY HF(K)
OF THE FEED IS CuTiPRHINTD AT THPyle FK

A0LAR FLOWRATE COF FELD TU STAGL Ke 310CL0

O OO GO, OO OGO oGO OO OO0 OO O0

X USER'S INITIAL CUTSS {OF THL SPLIT FRACTICh. L% THIS 1S USFD TO
GFNERATE GUZSStS FUR CUAPOSITIUNSs TLMPERATURES ANC FLOWRATES HWITHIN
THE COLUMNG :
XI(1) = L ==> CHAPUNENT L 1S VULATLILE ;
Lg% ReCOVERY IN DISTILLATE LXPECTECL.
XT(l) = 4 =3 COKPUNENT L 1S hLAvy
L% 26CUYeRY LN BOTTOLS EXPECTED.

L ey

sIvE

SV(K) FRACTIOM OF VaPOR LF,WYING STAGL K WFICH IS W1THLCRAAN AS A VAPGR

‘ SIUFSTREAN. O <= SVIK) < L. SVIk) = € ==> NO VAPCR STUESTREAM FKOis
STAGE Ko SLUK)

FRACTION OF LIWUIN LUAVING STAGF K WhTCF IS WwITHORAWN &S A LiQuID
SIOFSTREAR,. € <= SL(K) < Le SL(R) = 7 =3> NO LIGLID SIDESTFEAA
FRUM ST2GE K.

OO OO OOOOEOE OO

|
|




UUTPUT PARAHZTERS
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SYHBUL DFSCRIPTIUM

QT HEAT RENOVED (J/TT0E) FRUF CuNDENSLR,

us HEAT ADDED (J/TTuf) TU RLBUTLTK.

A0ST OF THE RESULTS UF CoLUMh iRe CCuTAINCD gN THE “PRUFILE", A TABULLTTON OF
SEVERAL VARTABLES oY STIGF THOLX. Thnf% FLLLCWING OUTPUT VARIABLFS APPLAR Th THE
PROFILEe THE USER CHULSES TrnE vaRl26LES TO 83 FRCFILED FROF ThIS LIST.:

PRUFILE

Sy1s0L De SCRIPTIUN

1 L(K) ANLAR FLOGRATT NF LTUULD LUAYTING STAGT K.
2 Y{K) AOLAR FLUARATF OF VAPCK LFAVIKG STaGE K
3 F(K) AOLAR FLOARATF OF FIED FHTLRING 5TAGE Ke

4 L{TyK)
AOLAR FLOMRATE CF COAPOKLENT 1} LEAVING STHGE K 1IN LICUID.
5 V(IsK)
ADLAR FLOWRATE GF COAPUNEHT 1 LEAVING STAGE K IN VAPCR.
Y

6 FI(TsK) . :
ANLAR FLOURATE CF COHMPONENT I ENTERING STAGE K IN FEEDe

7 £(T14K) .
AOLE FRACTLUMN OF CUVPORSHT T Ik LIGUID LEAVING STAGE K.

3 Y(I,K)
A0LF FRACT1GH JF COFPCONFNT I ITie VYAPCR LEAVING STAGE Ka

9 Z(TyK) .
HOLF FRACTION UF CUFPOWENT T I FFEDR SNTeRING STAGE Ke

iV dL (K] ENTHALPY (J/76CL) OF LIGULEL LEAVING STAGE K.
11 HY{K) ENTHALPY (J/4CL)Y OF VAPUK LEAVING STAGE K
22 HF(K) ENTHALPY (J/n0L) GF FEED EMTERING STAGE Ka

23 L*HLK)
ENTHALPY FLUuRATE (J/T1le) CF LIWULIL LEAVING S1ACE K

L4 VERV (K)
15 F#HF(K) :
ENTHALRPY FLOMRATL (J/TIFL) GF FTED FNTERING STaCE K

L6 K{I4K)
K=VALUE OF COHAPONENT I CiW STAGL Ka

L7 T(K) TEAPERATURE (K} UN STAGE K,

19 LSUK)  ANLAR FLO4RATFE OF LIWUID S[DeSTREA LEAVING STAGE Ka
LSIK) = SLtK) 3 LK)

<Y VSUK)  HOLAR FLOAKATE IF vAPGR STuFSTKRAK LEAVING STACE Ka
VS(K) = SVIK) % V(K)

21 SLUK) FRACTIUN OF LK) WITHDRAJMN AS LTuUID SICESTREAR.

22 SYI(K) FRACTIUN OF VIK) WITHCRAUN AS VAPGCR SIDESTREAK.

hEA R R S R R R N s s L s R R s s L R L G L ke s N G L R s s Kk 2 E =8

EMTHALRY FLOURATE (J/TLAE) CF. vAPOK LEAVING STEGE Ks e e e e
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L
CHw ke Ty kAR G EF LGP XTI A 4B n b bt es I3 ad sy dndeds b D St atpdddnd R dahi d

CERDA = SHUKTCUT HULTICUAPUNENT OFSTILLATTUN (NCH=2CJ8CENT KEYS)

CEodkn X dn R kx dx XN IR R du 3 d3 Yoyt dad i I fg 3 a8 Ao o nudgdsdnagindzd st ndt b ks

T OO OO O OOa OO OO0 OO oOornOOon

CERDA USES THE SHUORTCUT TECHNTUULS CEVLLUPED BY CERDA aND 4ESTERo[KG.
KESULTS UF TAE SAORTCUT CALCULATION CAN B85 PASSED TO CGLCST, WHICH ESTL™ATLS
THE SIZE ANC COST 0F THE CULUMN,
INPUT PARAHETERS
SYA30L DESCRIPTION
F FLUURATE QF FFENy A0L/TI6LE, 11 .
IF CUST IS WUN=ZEROs F SHOULD nAVE ThRE ULITS MUL/Se
XF(T) WOLE FRACTION OF CUHMPCNENT T Ih FFECS

LKEY NUNBER OF THE LTIGHT KZY CCHPUNLNT.  CONPUNENTS HOP: VOLATILE THAN THe
LIGHT KEY ARE ASSUARD TO E£XIT 1N THE DISTILLATE PROLCUCT.

AKEY - NUABER GF THE HEAVY KEY COnPUNLNTe CORFUNENTS LESS VOLATILE THAN THe
HEAVY KEY ARE ASSUnED 10 EXIT IN THE BOGTTCH PRUCUCT.

DISTRTIBUTION OF CONPGNENTS CF iNTER¥eCIATE VOL&TILITY 1S ESTIMATED
AITH HEKRGSTEBECK'S HoTHOD.

FTL FRACTION UOF LIGHT KEY RECOvikTL ¢N ThZ TUP PRCDUCT. * 99

FBH FRACTIUN GOF HSAVY KZY KECCVTRED LN ThE 20TV0n PEUCUCT. «99
T - TEnPERATURE AT HHICh Tu ESTINATE RiLATIVE VOLATILITYs Ke 30¢
P PRESSUKE AT WFICH TO ESTIHATL KFLATIVE VOLATILITY, duKe i

AN TSOTHERHAL FLASKH 1S PzRFCRYeD AT T9 Py XFLI) TC CeTERKINE K(I).
* SEE ALSO COST.

u QUALITY OF FEFD. 1
U=y ==> FELLC TS SATURAYED VAPOR.
U=l ==> FEED IS5 SATUNATED LTwYIC.

RFAC "FACTOR BY HHICH THE mINIaUM KEFLUX RATIO RTRIN IS AULTIPLIED TU GIVE
THE ACTUAL RLFLUX RATIUs RT, 1.2
CUST IF NON=ZGROs RESULTS OF THE SHURTCUT CALCULATION ARE PASSED TO

CaLCSTe 6 SEE BFLOH.
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UTPUT PARAZCTERS

SYABOL

wT
nB
0
B
KT

«B

KTHIM»

k8aln
LT
vT
L3
vB
XD(I}
xB(I)

KI(I})

AL(T)

x(1)

DESCRIPTION

NUABER OF’TRAYS N TOP CF LPLULN.

HUKWBER OF TRAYS {H 30TICh uF Culu¥i.

ANLAR FLOWRATE OF DISTILLAFF PRODLCTy nCL/TIHE,

AL AR FLUWKATE OF BJITuj PRICUCTy &CL/TTHE, F = 0 + &

RFFLUX KATId. LT RT#D

"

RF4IIL RATIO, VE = RBe3

AINTHUR REFLUX PATIO0.  RT = R FACEKTHIN

AInTnun REBJIL RATId

[HTERNAL LIQUID FLUWRATE It TOr UF COLUMN, NUL/TIME,
INTERNAL VAPUR FLOWRACE N TUP OF CCLUANs nOL/TIhE.
INTFRNAL LIGUTD FLUWRATE I £01TO¥ GF COLUAN, KOL/TIRE.
INTERAAL YAPUR FLOWRATE IN BUTTOi OF CULUMN, MIL/TI4ce
hOLE FRACTION GF CUMPONENT T IN DISTILLATE PRCDUCT.
HOLE FRACTIUN UF Cu%PORERT T Ti BCTTGN PRODUCT.

SPLIT FRACTION FRACTION UF CURPCHENT T ReCOVEREL IN DISTILLEOF

PRUDUCT .

XT(LKEY) = FTL
XI(HKEY) = 1 - FuH

VOLATILITY UF CO4PUNENT 1 KFLATIVE TU THe HEANY KEY.

AL(I) = K(l)(K(HKFY)

K=¥ALUZe ESTUATID 5Y ISOTHERLAL FLASH EZVALULTED AT Ty Py AND
CONPOSLTION UF FLTJ XF,
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I SIZING ANO COUSTING 8Y CILCHT

c ) .

R AT R A R A AT R m I U Ir R A OE B by PR U R4 At A G A 2 AR NS IR A4 B AL ARSI oAb g b U
WHAEN CUST IS SET MON~ZERUy CERUA ESTIMaATtS SEVERKL OF THE INPUT PAKAARFTEKS

FOR COLCST AND THEN CALLS THAT PROCFIUKE, CULCST AILL REQUEST THE REPATINING
INBUTS ANO THEM. SSTIHATE THE SiZe AND COST CF THL.OISTILLATIGON_CulUFiNe. THe
FOLLOWING PARKAMETERS ARE TRLKNSFEKRED TU COLCST FROK CERC/ )

LIQUID FLONRATE, VAPUR FLOWRATE -
THE IHTERNAL tULAR FLCARATLS In THE BOTTU¥ OF THE COLUAN, LB
AND V3 ARE USED TU ESTIARAFT ThEST PARAHETERS. Thk INPUT -
PARAMETER F (PULAR FLCHPATE OF THE FEFD) IS ASSUNED TO HAVE THE
UNITS §0L/S. S80TH STREANS ARE ASSUEC TO HAVE THE CUXPOSTTIGN
OF THE BOTT.OM PROCUCTs XBs I ORDER V0 ESTINATE The AVERAGE
MOLECULAR WEIGHTS ’

LIWUID DENSITY IS EVALULATED AT THE TErPCRATUREs Ty USEL BY CERDA TO FSTINATE
RELATIVE VOLATILITIESe -THe oCLE FRACT1ON AVERAGE ULF THE PUPE~
COHPONENT DENSITIES 1S PiSSFD TO CULCSTs THE RACKETT EWUATION
IS USED TO ESTi¥ATE Tri PURE=CJMPUNENT ODENSITIES,

VAPUR DENSITY IS EVALLATED FrOK YRt PERFECT G4S LAW AT THE VALUES UF THE
PARAAETERS TEMPZRATURE, T AND PRRESSURLy Ps AMD CORPOSITIGN XB,

NUMBER OF TRAYS IS THe SU™ OF THE ublYPUT PAFAHETLRS KT + NBe

PRESSURE IS THE THPUT PARAMETER P

T R R TR A R RN L RNy O S N R I A I R I AR L AR RN SRR S LR R R R R

COLCST = SIZe AND CCST OF COLUKM

s hkn n b A kR b Ao n dy B Ry bR AR EE AR AR A ke b u v b AR LR A AL h
COLCST FSTINATES SI1ZES AND CUSTS FUR £ VERTICAL SECT1ION CF A COLUEN WITH
TRAYS . THE STIZING IS bASTD (ON THF FLOUDLUG CRARACTERISTICS UF THE COLUMN ;
GUTHRIE 'S HﬂDULE fETHOD 1S USED TO0 ESTIYATE COSTS.

FLUODING BEHAYIOR IS ESTIMATED FROw THE CORRuLATION OF FAIRs AS KREPORTED 8Y
TREYBAL IN FUUATIONS 6,1 AND &.2, A GRAPH OF THLS FUUATLON APPEARS 1IN PERRY'S,
FIGURE 1ly=17, PAGE 18=0a. COLCST USES FAIR'S CURRELATIUMN TU ESTIRATE THE
OTA4ETER OF THE COLUMH, THE CURRELAIICON RECQUIRES THE FCLLOWING INFORPATION:G

- LIQUID FLUWKATE,s G/S .
- YAPUR FLOWRATEs G/S -
3

LIQUID DFHSITYs Gz4

' 3
VAPUR DENSITYs G/id
TRAY SPACINGy N
ACTIVE PLATE AREA AS FRACTTUN OF CAOLUKN CROSS=SECTION
SURFACFE TeNSION OF LIwULlD, H/1. _
DPERATIHG SUPERFICIAL VelUOCLITY 4SS FRACTICH OF FLOODING VELOCITY

tri111

TABLE 18=3 IN PERRY'S HANDBOUK PROVIDFS LSTTHATES FOR THE ACTIVE PLATE ARFaA
FOR SEVERAL TYPES UF TkAY 7.0% OF & TYPTCAL TRAY TS AVAILABLE FCR VAPOR FLUW.

GUTHRIE'S METHOD USES ThE LINFCRMAT1Cn LISTEC BELOW TU ESTIHATE CUSTS. A
OISENGAGING SPACE UF 6 X¥ETERS 1S A00ED TU Trz HF1GHT OF THE TRAY STACK TO
UBTAIN THE HEIGHT OF THE COLUHN.

- JUHBER OF TRAYS

~ JPERATING PRESSURE, 3.R

COLUHN CNHSTRUCTION

COLUMN nATERIAL

TRAY mATFRTAL

TRAY TYPE

~ CHFMICAL ENGINEERING PLANT COST IHDLX
e .

Rz x s iz Rz iz iz iz iz vz i skl a2z ks i sk ek ik ks ks 2 X2 2 X2 X2 X2k a X X2 2 a xR a2 R s X e Kl s X n X 2]
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HEX = SHELL=AND=TUBE HEAT SXCHANGER CALCULATICHN

¢

¢
R R Ry R T T R O N E L LR L L L L Iy

'znﬁt‘.nr‘:nﬁﬁcﬁr:ﬁ(‘.r:ﬁr‘nr;r‘.r,ﬁcrnﬁﬁnchﬁ@,cwnnnnr‘.ﬁnrwnr;ﬁﬁﬁnnnnﬁnﬁr:ﬁ

HEX PARAAETERS

INPUT PARARETERS

SThBOL

THL
THZ
TCL
TC2
) .
0
100
AD1
HI
1}
0o
st
NTR

PT

LE
nCO4pP
KH

KC
VISH
vISC

TETA

OFSCRIPTION

HOT STREAd INLET TEMPEKATURED, K
HOT  STREAH OUTLET TeMPERATURF, K
COLD STREAK IALFT TEMPERATUKE, X
COLD STREAA OUTL=T TEMPTKATURE, K
NUHBER OF SHELL PASSES

OUTSIDE RESISTANCFy W /7 ii%+2=K

OUTSIDE ThERAAL RESISTANCE 0OF SCali DREPOSITSy W / A®%2~K

INSIDE THERAAL RESISTANCE AF SCalk DEPCSITSy W / n#%2-K

INSTIDE RESISTANCSy ui /4 h¥€2=K
TUBE INS1OE DIA®:ETLR, u¥

TUBE GUTSIDE CILAAETER, Mu
STANDARD TUBE LENGHT, a

NUABER O TUBE PASSLS
PITCHs St

BAFFLE SPACINGy h¥

CLEARAHCE s iin

EQUIVALENT DIAGFTFR, #a

AASS FLOW RATE OF FLUIDy KG/S

THERAAL COHOUCTVITY UF HOT STRCAA, W / MeK

THeRHAL CONDUCTVLITY QOF CULD STRTAM,

VISCOSITY UF HOT STREAns CLNTIPOISE

vISCOUSITY OF CULD STREAYNs CENTIPOISE

VISCASITY CONSTITUTIONAL CONSTANT
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(e}

FLAG

EPS

SWCH

SHCHAL

$dCHZ

cPL

DETERMINES ThT HOT FLUID
FLAG=M==> CInPUMN:NT 2 IS ThF HLT FLULD
FLAG=al==> CUAPUMNT L IS THE HLT FLLID

TOLFRAHCE
DETERNLINES THE SHTLL S1Dc FLulu
SHCH===> HOT FLUTD [N ThF SHELL
SHCH=1==> HAT FLUTU IN THF Tufle . —
SELECTS PITCH LRRANGCHENT
SWCHL =u==> TRIANGULAR PITCh
SACHL=l~=> SGUAREL PITCH
DECIDES WhtThER TUBE CURKEFCTION IS NECESSARY

SUHCHZ=J)w—=> TUBE WALL CORKECTLION IS NOT RECQUIRFD
SHCHZ ale=> TUBE HiALL CURKFCTION IS PLRFCHNMLD

HEAT CAPACITY UF LICUID, J s/ “GL=K

QUTPUT PARAHMETERS

SYHABUL DESCRLIPTION

uo

nT
il
HO

T

Ta

CHTOD

UVERALL HEAT TRAWSFER COLFFICTENT, W / ¥#3i-K
AVATLABLE AREA FUR HEAT TRANSFLR, hite2

TOTAL LENGHT UF TUBES, ' .

NUMRER OF TUBES

IHSTOE RESISTANCEs W / R¥w2=K

OUTSIDE RESISTANCEy o /7 i¥%2~=K

TUBE WALL TEnPERATUME, K

CORRECTION FACTCK

CORRECTED LOGARTTHAIC AEAN TEPPERATULRE, K
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R SRR T AR AR A R R R YA AN I I AR AN I p I A A AR A AR I by AR RS AR DR AR DR ARV U A VR BEBLEER &
EXT = MULTICUMPONENT LIQUIU-LIWULD EXTRACTILON CALCULATICN
L L T R R T L T R T Y R Y T R P P e S P e P T I 2N
EXT PARARETERS
INPUT AND QUTPUT PARAAMETERS

SYaBOL . UFSCRIPTIGH

bALLPR PARAAETER OF THF BALL IMTFGRATION FOR“ULA
TIHINC TIAE TINCRIMENT

H1 HEAVY=PHASE HOLO~UP OF STAGES

H2 LIGHT=PHASE HOLD-UP OF STAGES

M NUHBER OF THEOKETICAL STAGES

i HUABER OF COnPUNENTS

SREST, ITS VALUE IS ALAAYS ZERO

SNORH. .. DETERNIuES NORRALIZATION _ S T A -

~  SNORp=l==> NURAALIZATION IS PFKFORAED
SNORH =y==> HURKALTZATION IS NOT REQUIRED

SACTC SELTSCTS KRETHOCS TO CALCULATE ACTIVITY COEFFICIENT
SACTCa=1~=> 3-SUFFIX HaRGULES
SACTCa Qmm> UNLF4C :
SACTC= 1-==> HRTL

SRRIT OFCIDES TO PRINT ITFRATIONS

SURTT=L==> PRINTS ITERATIONS
SURIT =y=~=> PRINTS RESULTS OALY
.TOL TOLERANCE
COnPS CONPONENT ABBRIVIATIONS .
COnPN COMPONENT NAHES
STARS PRINTS STARS

DO OO OGO O OO OO C OO0 O OO0 CGOOOCC.COaCGO0a0C 00
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\

X1
F1
X2
F2
XF
FF
SFL
SF2
AVal
TEHP

SHRTL

cc
cT
alpPC
alPT

CG

GO OO OO0 a OO0 GO0 C OO0 o o

alp

CONPUNENT HOLE FRACTION LN HEAVY=PHASE
HFAVY=PHASE FLUW RATE, KHCL/ H

CONPONENT HOLE FRACTION IN LIGHT=PHASSZ
LIGHT=PHASE FLUW RATE, KnOL/ H

COMPONENT 1OLF FRACTION IN FLED

FEED FLOW RATE, HUL/ H

HEAVY=PHASE STUE STREAG FLOW KATFEs KYGL/ H
LTGHT=PHASE STGF STREAK ~ FLOW KATE, KNCL/ H
3=SUFFIX 1AaRGULES BINARY TWTEPACTTUMN PARAMETERS
QPEPATION TERPERATURE, K

ILF SHRTL=1-=> BINARY INTLRACTIUN PARAYETERS ARFE
CALCULATED FUR THE STATFD TFhPERATUPE

NRTL BINARY INTERACTLON FAKAMFTER
NRTL BINARY INTERACTION PARAKETER
NRTL LINARY LATERACTION PARAAETER
NRTL BIMARY INTERACTLION PARANETER
NRTL BINSRY INTERACTION PARALETER

HRTL BINaRY INTERACTION PARARETER

18.22,3%,UCLPy BU, Py3 ) f,548KLIS,



APPENDIX G
OPERATION MANUAL FoR DESPAC2
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APPENDIX G

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.

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 cbrrect 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 déta requirement, this type of data

file is beneficial.

To obtain a hard copy of results, the user has to givea

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

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

" JROUTE, 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
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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.

- Library file for all other modelling routines is PUBDAT.



ACTFIT Routine

EXAMPLE RUN:




“— DESPAC 5.6 (&=APR=81)

v

PROCEDURES: ,

1.XVALUE 7o SHTCUT 11.RETREV 17 HELP
2«ENTHALFY &a COLUMN 12,5YSTEM 18.,5T0P

3.PHASE 9« CERDA 13.0EFINE ‘19.TIME AND DATE
4oFLASH 1CaCOLCST 14.STORE

S<ABSEDN 214 HEX 15.ACTFIT

6.MCCABE 224 EXT

SELECT PRCCEDURE:
RETREV = RETRIEVE PHYSICAL CONSTANTS FRON DISK FILES

ENTER NAME OF FILE (RETURN FOR PUéLIC DATA):
+DATA WILL BE RETRIEVED FRCM FILE VLE
RETRIEVE ALL COMPONENTS FROM FILE? (Y OR N):

NAME COMPCNENT TC BE RETRIEVED C(RETURN TO END):
+COMPONENT 1 1S ACETONE

NAME COMPCNENT TC EE RETRIEVED (RETURN TO END):
+COMPONENT 2 1S5 ETHANOL

NAME COMPCNENT TC BE RETRIEVED (RETURN TO END):
LIBRARY IS REDEFINEDs SYSTEM IS UNDEFINED.

PROCEDURES:
1.KVALUE 7a SHTCUT 11,RETREV 17.HELP
2.ENTHALPY 8q COLUNN 12,5YSTEN 18,5T0P
3.PHASE S CERDA 13,0EFINE 19.TIME AND DATE
4oFLASH 1C. COLCST . 14.STORE
S.AESEDM 214 HEX 15.ACTFIT
6.MCCABE 22.EXT : .

SELECT PRCCEDURE:
SYSTEM = DEFINE COMPONENTS IN SYSTEM

MODELS FOR VAPOR ENTHALPY HV:
1. IDEAL SOLUTION OF PERFECT GASES.
2« RESIDUAL ENTHALPY FRCM VIRIAL EQUATION OF STATE.
3, RESICUAL ENTHALPY FRCM REDLICH=-KWONG EQUATION,

BODELS FOR LIQUID ENTHALPY HL:
T« IDEAL SOLUTION OF SATURATED LIQUIDS.
2, IDEAL SOLUTION wWITH PRESSURE CORRECTION,
3. EXCESS ENTHALPY FRCM WILSON EQUATION,
4o RESIDUAL ENTHALPY FRCM REDLICH~KWONG EQUATION,

MODELS FCR VLE CALCULATIONS:
1a LIQUID: WILSON ACTIVITY,VAPCR: VIRIAL EQN OF STATE.
2a PRAUSNITZI~CHUEH VERSION OF REDLICH-KWONG EQUATION,
3. LIQUID: IDEAL SOLUTICN, ANTOINE EQUATION 7

VAPOR: DALTON'S LAW,

SELECT MODELS FOR HV,HL,VLE ( BLANK THEN RETURN FOR 1 1 1):
ENTER MINIMUM CRITICAL TEMPERATURE OF CONDENSABLES BLANK THEN
SELECT COFMPONENTS (D FOR HELP):

SELECTED COMPONENTS:
1e ACETCNE
2s ETHAROL

R;YURN FOR 200



VAPOR ENTHALPY: IDEAL SGLUTION OF PERFECT GASES.
LIQUID ENTHALPY: IDEAL SOLUTION OF SATURATED LIQUIDS,
K=VALUES: wILSON, ANDERSOk, AND VIRIAL EWGUATIONS,
CONDENSABLES : 1 2
PRYSICAL THEORY FOR VAPCR=PHASE NON=-IDEALITY,

PROCEDURES:

T+KVALUE Ta SHTCUT 11.RETRE Y 17 sHELP
2.ENTHALPY 8. COLUNN 12.5YSTE™ 18.5T0P

J.PHASE Ga CERDA 13.0EFINE 19.TIME AND DATE
4 FLASH 1Ce COLCST 14 .STORE

S5.AESEDN 214 HEX 15.ACTFIT

6.MCCABE 224 EXT

SELECT PRCCEDURE:
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ACTFIT = FIT PARAHETERS FOR ESTIMATING ACTIVITIES TO BINARY VLE DATA

ONE MAY ESTIMATE ACTIVITY COEFFICIENTS FROM

1s T=P=X DATA.

24 T=P=X=Y DATA.

3, HENRY'S CONSTANTS,

SELECT THE APPLICASLE CASE:

TOTAL PRESSURES OR PARTIAL PRESSURES? (T OR P):

ACTIVITY COEFFICIENTS WILL BE CORRELATED TO
T=P=X=Y DATA
+ FOR THE EINARY SYSTER

1, ACETONE

2. ETHANGCL

IDENTIFY THE KEY COMPONENT (1 OR 2):
*ENTRY OF EXPERIMENTAL DATAw
X, Y ARE MOLE FRACTIONS CF COMPONENT 1.
P IS TOTAL PRESSURE.

TaERTER 2,READ 3.DELETE 4.SORT S5.REVIEW 6.STORE 7.DONE 8. HELP
ENTER FIXED TEMPERATURE, PRESSURE, OR NEITHER (T0,PO ; )

L
ENTER EXPERIMENTAL DATA, (RETURN'TO END)
1e ToxeY:
2¢ ToXo¥:
3 TaXeY:
be TrXxsY:
Se TeXsY:
b6a Trx,Y:
7- TeXsY:
8sa TrXoeY:
9¢ TrXsY:
10 TorXxevY:
)
TuENTER 24READ 3.DELETE 44SORT S.REVIEW 6.STORE 7.DONE B.HELP
N LLANTZ LLAM21 RH§ ERROR
1 Oa 0. 2290584
2 10,0000 Oa 2279130
3 1C.0000 100000 264553
4 94,6080 118,763 v545387e~-01
5 210,594 44,2025 +526509e-01
6 126,412 104,279 «498295£~-01

"ACTFIT RESULTS FOR THE BXNAR* SYSTEM
1= ACETO
2. ETHANOL
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~=CALCULATE D==

"’.‘. -
FITTED PARAMETERS:
LLAMTIZ = 136,41
o LLAM21 = 104,28
COAPARISON WITH EXPERIMENTAL DATA:
A4
memmcecccccemes E X FER IMNENTAL =~=—ceccacanaan
K T P x1 Y1 GAMMAT GAMMA2 LNG1/G2 GAMMA1
o 1 348,17 1.013 205800 417300 1.7355 1.0003  ,551C 1.79838
2 34542 1.013 12100 .26700 1.5409 1.0247  4C86 1,6379
3 0343,1  1.013 217500 42760C 1.4281 1,056C  .3018 1.5249
o 4 339.7 1,013 527600 449400 1.3089 1.1269 <1497 1.3611
S 338.2 1a.013 233900 .55500 1.2497 1.1592 L0752 1.2826
. 6 335.5 1.013 «44400 L63600 1.1698 1.2486 =,0652 1.1823
7 333,7 1.013 «S8COU L72600 140917 143767 =,.2319 1.0541
8 331.7 1.013 o 72600 .827C0 1.,0417 1.5223 =,3794 11,0339
9 330ac 14013 «87500 91900 1.0204 1.6235 =.4644 11,0071
. SAVE RESULTS IN LIBRARY? (Y OR N):
+NOT SAVED. DEFINE MAY BE USED TO SAVE RESULTS MANUALLY.
REPEAT ENTRY OF DATA? (Y CR N):
PROCEDURES:
1.KVALUE 7o SHTCUT 11.RETREV 17.HELP
. 2,ENTHALPY 8o COLUNN 12.SYSTEN 18.57T0P
3.PHASE 9. CERDA 13.0EFINE 19.TIKE AND DATE
4,FLASH 1C, COLCST .14 ,STORE
N S.ABSEDM 214 HEX 15.ACTFIT
6.MCCASE 22.EXT

SELECT PRGCEDURE:
PRCGRAM IS STOPPED

GAMMAZ
1.003C
1.0128
1.0260
1.0619

1.0911

141514
1.251C
13972
15599




{

11

VLE

N

ACETONE

ETHANOL

12

i1

go1co2

15

2

T

1

1

p0=1,01325;
34841 +05E
345,.2 121
34341 175

- 33947 w278
338.2 «339
335.9 YA
333.7 «580
3317 736
333.2 «8175

7

N

N

18

22.23.20.UCLP, BU, PO4

(INPUT Data file of ACTFIT for the batch run of the progrém) = QRNEK

«173
297
.376

. w494

. 555
« €36
726
«519

’

04 235KLNS,
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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



e

DESPAC 548 (&=APR=E1)

PROCEDURES:

12K VALUE 75 SHTCUT 11.RETREV 17 «HELP
2+ENTHALPY 8o COLUNN 12.SYSTEX 18.,570P

J.PHASE 9« CERDA 13.DEFINE 19.TIME AND DATE
LofF LASH 10, COLCST 14.5STORE "

S54ABSEDN 21, HEX 15.ACTFIY

6.MCCABE 224 EXT

SELECT PRCCEDURE:

RETREV = RETRIEVE PHYSICAL CONSTANTS FROM DISK FILES
ENTER NAME OF FILE (RETURN FOR PUBLIC DATA):
+DATA WILL B8E RETRIEVED FRCM FILE PUBDAT

RETRIEVE ALL COMPONENTS FROM FILE? (Y OR N):

NAME COMPCNENT TC BE RETRIEVED (RETURN TO END):
+COMPONENT 1 IS BENIENE

NAME COMPCNENT TO BE RETRIEVED (RETURN TO END):
+COMP ONENT 2 IS TOLUENE

NAME COMPCNENT TC BE RETRIEVED (RETURN TO END):
LIBRARY IS REDEFINED, SYSTEM IS UNDEFINED,

PROCEDURES:

1K VALUE 7. SHTCUT 11.RETREV 17 .HELP
2,ENTHALPY 8. COLUMN 12.5YSTEM 18.5T0P

3.PHASE Ge CERDA 134DEFINE 19.TIME AND DATE
4oF LASH 1Ce COLCST 14.STORE

S«ABSEDN 214 HEX 15.ACTFIT

6.MCCABE 224 EXT -

SELECT PROCEDURE:
SYSTEM = DEFINE COMPONENTS IN SYSTEM

MODELS FOR VAPOR ENTHALPY HV:
1« IDEAL SOLUTION OF PERFECT GASES.
2. RESICUAL ENTHALPY FRCM VIRIAL EQUATION OF STATE,
3. RESIDUAL ENTHALPY FRCHM REDLICH~KWONG EQUATION.

MODELS FOR LIQUID ENTHALPY HL:
1. IDEAL SOLUTION OF SATURATED LIQUIDS,.
2o IDEAL SOLUTION WITH PRESSURE CORRECTION,
3. EXCESS ENTHALPY FROM WILSON EQUATION,
4s RESIOUAL ENTHALPY FRCM REDLICH=KWONG EQUATION,

MODELS FCR VLE CALCULATIONS: ,
1« LIGUID: WILSON ACTIVITY,VAPOR: VIRIAL EQN OF STATE.
2s PRAUSNITZ=CHUEH VERSION OF REDLICH=KWONG EQUATION,
3, LIQUID: IDEAL SOLUTION, ANTOINE EQUATION

VAPOR: DALTON'S LAW,

SELECT MODELS FOR HV,HL,VLE ( BLANK THEN RETURN FOR 1 1 1):

SELECT COFPONENTS (0O FOR HELP):

SELECTED COMPONENTS:
1. BENZENE
2. TOLUENE

VAPOR ENTHALPY: IDEAL SOLUTION OF PERFECT GASES,
LIQUID ENTHALPY: IDEAL SOLUTION OF SATURATED LIQUIDS,
K=VALUES: RAOULT'S LAw,

EXAMPLE 1 - Computer Output of McCabe-Thiele Binary Distillation

(MCCABE).
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v

MCCABE = MCCABE-THIELE BINARY DISTILLATION

11.RETREV
12.5YSTEM
13.DEFINE
14,STORE

15.ACTFIT

17.HELP
18,570P
19, TIKE AND DATE

ENTER INPUT FARAMETERS (RATIO,ALPHA,Q, ETA ,XFsXD,F,0 ; )

PROC EDURES: o
1 K VALUE 7« SHTCUT
2<ENTHALPY 8, COLUMN
3 ,PHASE Go CERDA
4 FLASH 1€, COLCST
S,ABSEDN 21 HEX
64MCCASE 22.EXT
SELECT PRCCEDURE:

r: -

MCCABE INPUT PARAMETERS

RATIO = 2,50 XF
ALPHA = 24250 XD
Q = 1,000
ETA = 1.000

MCCABE RESULTS

X = 40233 Le
L= 905293
vV = 1059.3 NE

REPEAT? (Y OR N):

NT

PROCEDURES:

1.KVALUE 7a SHTCUT
2,ENTHALPY 8. COLUMN
3,PHASE 94 CERDA
4.FLASH 10, COLCST
54ABSEDM 21, HEX
6eMCCABE 224 EXT

SELECT PROCEDURE:
PROGRAM IS STOPPED

a44C0

29740
350,00
152,40

125549
1059.3
7

5

11.RETREV
12,SYSTE®M
13.0EFINE
144STORE

15.ACTFIT

17 . HELP
18.570FP
19.TIME AND DATE

164
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P - P

11
o PUBDAT
N
BENZE NE
o TOLUENE

12

- 113
001032
6

“ RATIO=3.5/,ALPHA=2425/Q=1,ETA= 1, XF=a 44 ,XD=a974,F=350,0=153,4/
N
18 : _

. 22,08412,UCLP, BU, PO4 0. 160KLNS,

Input Data File of EXAMPLE 1.



DESPAC S5.,& (&~AP&R-21)

PRCCEDURES:

1K VALUE 74 SHTCUT
2eENTHALFPY 8. COLUNN
3.,PHASE ~ 9. CERDA
4.FLASH 1C. COLCST
S.AESEDM 214 HEX
6a%CCABE 22, EXT

SELECT PRCCEDURE

11.RETREV

12.SYSTEN,
13.DEFINE

14.STORE
154ACTFIT

17 «HELP
18.570°P
19.TIME AND DATE

RETREV = RETRIEVE PHYSICAL CONSTANTS FROM DISK FILES

ENTER NAME OF FILE (RETURN FOR PUBLIC DATA):

+DATA WILL BE RETRIEVED FROM FI

RETRIEVE ALL COMPONENTS FROM FILE? (Y OR N):

LE PUEBDAT

NAME COMPCNENT TO BE RETRIEVED (RETURN TO END):

+COMP CNENT 1 1S PROPANE

NAME COMPCNENT TG BE RETRIEVED
+COMPONENT 2 1S I~BUTANE

NAME COMPONENT TC 2E RETRIEVED
+COMPONENT 3 IS N-BUTANE

NARE COMPCNENT TO EE RETRIEVED
+COKPONENT 4 1S I=-PENTANE

NAME COMPCNENT TO 3E RETRIEVED
+COMPONENT 5 IS N=PENTANE

(RETURN TO END):

(RETURN TO END):

(RETURN TO END):

(RETURN TO END):

NAME COMPONENT TC 8E RETRIEVED (RETURN TO END):

LIBRARY IS REDEFINEDS

PROC EDURES:

14K VALUE 7« SHTCUT
2.ENTHALPY 84 COLUMN
3.PHASE 9¢ CERDA
4oF LASH 10, COLCST
5.ABSEDM 21 HEX
6aMCCABE 22,EXT

SELECT PROCEDURE:
SYSTEHM = OEFINE COMPONENTS IN

MODELS FOR VAPOR ENTHALPY HV:
1. IDEAL SOLUTION OF PERFECT

SYSTEM 1S UNDEFINED,.

11.RETREV
12,SYSTENM
13.DEFINE
14.STORE

15,ACTFIT

SYSTEM

GASES,

17 HELP
18457T0P
19.TIME AND DATE

2¢ RESIDUAL ENTHALPY FRCM VIRIAL EQUATION OF STATE.
3. RESIDUAL ENTHALPY FROM REDLICH=~XKWONG EQUATION,.

MODELS FOR LIQUID ENTHALPY HL:

1o IDEAL SOLUTION OF SATURATED LIQUIDS.
24 IDEAL SOLUTION WITH PRESSURE CORRECTION,
3. EXCESS ENTHALFY FROM WILSON EQUATION,

4 RESIDUAL ENTHALPY FROM REDLICH~KWONG EQUATION.

NMODELS FOR VLE CALCULATIONS:
1a LIQUID: WILSON ACTIVITY,V

3. LIQUID: IDEAL SOLUTICN’ ANTCINE EQUATION

VAPOR: DALTON'S LAW,

SELECT MODELS FOR HV,HL,VLE (

APOR: VIRIAL EQN OF STATE,
2« PRAUSNIT2=CHUEH VERSION OFf REOLICH=KWONG EQUATION.

’

BLANK THEN RETURN FOR 1 1 1):
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_EXAMPLE 2 - Computer Output of Shortcut Mu1t1component D1st111at1on

(SHTCUT)



SELECT COPPONENTS (U FOR HELP) :

SELECTED COMPONENTS:

1. PROPANE 167
2. I=BUTANE
3. N=BUTANE
4a I=PENTANE
S. N=PENTANE
VAPOR ENTHALPY: IDEAL SOLUTION OF PERFECT GASESa
LIGUID ENTHALPY: IDEAL SOLUTION OF SATURATED LIQUIDS,
K=VALUES: RAQULT'S LAw,
PROCEDURES: ’
1K VALUE 7« SHTCUT 11 RETREV 17 .HELP
2«ENTHALPY 8, COLUMN 12.SYSTEK 18,.5T0P
3,P HASE Sa CERDA 13,0EFINE 19.TINE AND DATE
4oF LASH 10a COLCST 144STORE
S.ABSEDM 21.HEX 154ACTFIT
64MCCABE 22, EXT
SELECT PROCEDURE:
SHTCUT = SHORTCUT NULTICOMPONENT DISTILLATION
NEW COLUMAN? (Y OR N):
METHODS FCR FINDING REFLUX RATIO
1. FUNCTION OF VMAX
2, SPECIFIED DIRECTLY
3. FUNCTION OF RKIN
SELECT METHOD:
RELATIVE VOLATILITIES BY FLSHTP? (Y OR N):
ENTER INPUT PARAMETERS ( F »LKEY,Q,XF,
+VFMA X
*+T,P,
+FTL,
*FBH 5 )
’O
+:
*.
’o
'-
SHTCUT INPUT PARAMETERS
LKEY = 3 = N-BUTANE
Q= 1.000
+VFMAX = 1,750
T = 358,000 P = 8,271
FTL = «980
+ F3H = « 840
SHTCUT RESULTS
FTL = ,9800 SMIN = 7«19 D = 494150
FIR = 3,37 R = 245605 B = 50.850
S0 = 10,31 RMIN = 48770 F = 100,00
1  COMPONENT XFCI) XDCI) X8(I1) AL(D) xI1(1)
1, PROPANE £0SCO 41017 ,0000 643826 1.000
2. I=-BUTANE «15C03 23042 (0009 2,8117 « 9969
34 N=BUTANE _ e 32500 44985 40098 _ 241636 298C0
4y I=-PENTANE .2000 <0651 «3304. 1,0C00 #1600
Se N=PENTANE «35C0 L0305 <6589 81739 a4 276E~01



REPEAT? (Y OR N):

PROCEDURES:

ToXKVALUE 74 SHTCUT
CENTHALPY 8. COLUNMN
3 4P HASE Sa CERDA
44FLASH 1Ca COLCST
SeABSEDM 214 HEX
" 6.MCCABE 22, EXT

SELECT PROCEDURE:
PROGRAM IS STOFPED

11.KRETREV
12.SYSTEHM
13 DEFINE
14.STORE

154ACTFIT
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17 HELP
18.5T0P
19.TIME AND DATE



e

11
PUBDAT

N

PROPA NE
I-BUT ANE
N=BUT ANE
I=PENTANE
N=PENTANE

12
113
0601002003004005

ot b g =

F=100 ,LKEY=3,0=1,XF=0,05,0.15,0.25,0.2G,035,
VFMAX =175,

T=358 ,P=8.271,

FTL=. 98’

FBH=D -84;

N

18

ZZ-OS.SA.UCLPI BUI PO4 ’ 0.208KLNS.

INPUT Data File of EXAMPLE 2.
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DESPAC 5.& (&-APR=¢1)

PRCCEDURES:

TaKVALUE 74 SHTCUT T1.RETSLY 17 HILF
2oENTHALFY 8 COLUNN 12.8YSTEY 18.87CF
3 4P HASE S.CEADA 13.0CFINE 19.TISE AKE DATE
baFLASH 1L COLCST 14 ,5T0RE
S«ABSEDHM 21ahtx 15aACTFIT

2¢u EXT

6.MCCASE
SELECT PRCCEDURE :

FETREV = FETSIEVE FhYSICAL COWSTANTS FROY DISK FILESS
ENTER NAME GF FILE (RETURN FCR PUSLLC CATA):

+DATA WILL BE RETRIEVED FRCH FILE PUECAT

RETRIEVE ALL CCNFONLNTS FRGR FILT? (Y CR n):

MAME CCHFCMNENT TC EE KSTRIFVED (RETURK T8 FLD):
+CCHPCNENT 1 IS FRCPANT

MNAPE CCAFCNENT TC GE RETRIEVED (#:TUfn TC TRD)
+COMPCNENT 2 IS I~EUTadt

NAPE COMPCNENT TC EE RSTRIEVED (RLTURK TG CHE)
+COFPCNENT 3 IS M=EBUTAAE

NAKE CCMPCNENT TC GSE RETRIZIVED (RLTUERR TC EnNO):
+CONRPONERT 4 IS I~FENTARC : :

hAME CCHAFCMINT TC S& RETAIEVED (AETURN TC EnD):
+CCMPONEHT 5 IS N=FENTANE

NAKRE CCAFCNENT TO SL RETRICGVED (RETURN Té END) z
LIERARY IS REDPEFINEVD. SYSTE® IS5 UNDEFINED,

FRCCEDURES:

1.K VALUE 7o SHTCUT 11.RETREY 17 «HELP
2LENTHALFY 5. COLUAN 12.5YSTEN 13.570F

3.P HASE Sa CERDA 13.DEFIRE 19.TINE AND DATE
4oFLASH 1C¢.COLCST 14.STOSE .

S5.ABSEDM 21.HEX 15.4CTFIT

"6 MCCAYE 22. EXT

SELECT PRCCLDURE :
SYSTEM ~ CEFINE COFPCONTNTS IN SYSTEH

MODELS FCR VAPCR ENTHALPY dv:
Te IDEAL SCLUTTON CF PERFECT GASES,
Za RESIDUAL ENTHALPY FRCH VIRIAL LuUATION OF STATE.
3. RESICUAL ENTHALFY FRCM RECLICH-KWCKG SQLATICN,

MODELS FCh LIWUIC SNTHALPY HL:
Ta IDEAL SCLUTION SF SATURATEL LIWUIDS.
2e IDEAL SCLUTICN WITH FRESSURE COREECTION,
30 EACESS ENTHALFY FRO¥ WIL3Ch LWUATION,
4o RESICULAL ENTHALFY FRCM REOLICH-KWOKE EGUATICN.

HGDELS FCR VLE CALCULATICHS: »
Ta LIQUID: wILSON ACTLVITY WAPCK: VIRLAL LuH OF STATE,
2a PRAL‘NITZ CFUEH VERSICN OF RCCLICH=-KWOLG CQUATICN. .
3o LIuUI0: IDEAL SCLUTICH, AhTCIhh EGQUATION
VAPOR: DALTICN'S LAM,

Y

.EXAMPLE 3 - Computer Qutput of Shortcut Hu]t1component Distillation
(CERDA) and the Cost and the Size Est1mat1on Routine

(coLcsT).
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SELECT MCLELS FOR hvaHLsvlLE ( SLANK THEN RETURMN FCR 1 1 1):

SELECT CCPFONERTS (C FCR PELP):

SELECTED COKMFOUNENMNTS:
1« PROFANE
2- I".‘}L.‘A’\E
3. N=3UTANE
La I=PLEMNTANL
Sa N=PEANTAMNED

171

VAPOR ENTHALPY: IDEAL SOLUTICH OF PERFECT GaSES.:

LIQUID ENTHALPY: ICEAL SCLUTION CF SATURMTTD

K=VALUES: RACULT"S LA,

FRCCEDURES:

14K VALUE CSHTCUY T1.RETHEV
2 ENTHALFY £ COLUN 12.5YSTL ™
3 PHASE $.CE3DA 13.06FInz
"4 LFLASH 1€, CULEST 14,STORE
5. AESEOH 21 HE A 15 5 CTFIT
6.4 CCADE - 22, tx1

SELECT PRCCEDURE:

CERUA = JJCERDA SHCRTCUT CISTILLATION

LIQulos,

17 HILF
13.STCE
19.T1InE

AND DATE

CENTER INFLT PARAFETERS (F,XF, LKEY,HKEY, FTLAF3Hs T,Fs G» RFAC, CoST 7

CERDA RESLLTS

NT = o T = 35840060
NE = 22,8 F o= g.27C
F = 14C.C0 ¢ = 1.002
D= 47.70 FTL = 5300
B = 524306 Far = o 8400
I COHPCAENT - XFCI) %0 (1)
1 FRCPANE MULTH N L ¥
2 I-EUTAME : LS a3145
I* N=BUTANE 22500 <5130
4* I=FENTANE L2008 LGer
5 N=FENTAKE W35C0 LLlLe

SFAC
ET
STFIN
ap

RENLA

X5(C1)
LTUh
LLe
L0968
w3212
6692

1.20¢¢C
1.281C
1.0¢75
E.Oéll/o
1aB8E57

X1d1)
1,L000
1.CCLT

7208

«1ELT

«uCLEC

LT
vT
Lo
V5

ALCI)
€.,282
2. %12
2,164
1. 007
<8174

=

61.11
16¢E. €1
161411
108481

(1)
I.5¢¢
1e730
1.331
0151
«5CZE

)
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g

CCLCST

+CCLUMN CCASTRUCTION (1.CLAD 2.SCLID): . ,

+COLUMN MATERIAL (1 CHKBON STEEL ZLSTAINLESS I, ubdl 4.TITANLURD):

+TRAY A4ATERIAL (1,CARSOM STECL ZUSTALALIOLS I.=0sLl):

+TRAY TYPE (1.GRIC,FLATE,SIEVE Z2.TRCUGH,VILVE 3,GUBELE~CAF 4, KUCh KASCADE):
+tSURFACE TENSIGN CF LIQUID, N/t (WaTER § 2923 & = ,40): ' ’
+TRAY SFACING, M: ‘

+ACTIVE PLATE AREAUIU  FRACTICN GF TOTAL CrMSS SECTION (TYPICSEL: .7):

+CURRENT CCST INCEX (115 ¢ JUNE 1568):

GUTHRIE CCLUFN CCSTING

LIQID FLCWRAYE, G/S5: LT11€LT+¢tl5 LIGUTrD DFHSITY, G/Auld:  W552¢€irLé
VAFOR FLCMRATE, €/ S: 7836, VAFCR OENSITY, G/Alil: .2ClterLs
SURFACE TENSION, N/m: LC2CC COLUIt C3uSTRUCT IUN: CLAD
ACTIVE AREA FRACTICK: .7L i CoLu#t: PATERIAL: CAREOM STELL
NURBER OF TRAYS: 24,62 TRAY =aTURIZL @ CASBON STEEL
TRAY SPACING, ¥: 3000 TRAY TYPE: GRIC,FLAYE, COR SIEVE
PRESSURE, BAR: £.277 - CCST LADEX: 35040
DIAMETER, ¥: 1.65¢ FLCODIRG vOLCCITY, K/S5: 42331
HEIGHT, # : 13.06 ' TPTRATING VELOCLTY 12¢5
FRESSURE FACTOR: 1.73604 TREY SPACING FACTCR: 2aclu
SATERIAL FACTGR: 1,207 _ TRAY 1ATTHIAL F%CTCR «LCL
HATL=FRS FACTOR: 1.7¢4 TEAY YYFF FACTQ <GlL
HODULE FACTUR: 4,239 TFAY "AT-SFAC FACTCR' Zwell
CosTS, 10(C INSTALLED BASE C3S8Ts 1506

COLUAN: 136, 6¢6 ! I CES

TRAYS : 12.51% 1,377 *

T0TAL = 196, 18& :
REPEAT CCSTING? (Y CR H):
REPEAT? (Y OK #):
FROCEDURES:
T.KVALUE 7. SHTCUT 11.RETRE v 17 «HELF
CLENTHALFY 2. COLUSN 12.5YSTEW 15.5TOF
3.PHASE S, CERDA 13.DEFINE 19.TINE ANC GATL
L oF LASH 10, CGLCST 14 ,STORE
S.AESEDOH 21, HEX 15 ACTFIT
6.MCCABE CZLEXT

SELECT PRCCECURE:
PRCGRAM IS STOFPED

—— e T e S ki S k™ S Kot s s i w3 040 o T N ™ v | LT T TR e emeies B .- - - B Cm e e s e o e e

+CPERATING SUFERFICIAL VELCCITY FRACTION GF FLUCDING VELOCLTY (TYF1CAL: .c): |




173

r__’_Tf. e
PUBDAT ) .

i N
PRCFA ME
[=BUT AKE
N=EBUT ANE
I-PENTANE
N=FENTANE

12

113, :
LC10Q2UC3CL4GES
9

F1C0 X F=Ca05,0e15,C.25,0L20,0.25,
LKEY=2,

HKEY=4,
FTL=.%8,
F8H=0.84r
1=353,P=3.27,
Q=1.,

RFAC=142, ...
€0sT=1,

1

1

2

W0~ D

i
1
350,
N
N
1
i

2
e13a24.UCLP, BU, FU4 ’ faChexXLNS,

INPUT Data File of EXAMPLE 3.



<~ DESPAC 5.& (&~APR-81)

W

PROCEDURES:

1K VALUE 7a SHTCUT 114RETREV 17 . HELP

o 22ENTHALFY 84 COLUNN 12.SYSTEN 18.5T0P .
1,PHASE Sa CERDA 13.0EFINE 19.TIME AND DATE
4o F LASH 1C. COLCST - 14,5TORE

™ 5¢ABSEDA 214 HEX 15.ACTFLT
6sMCCABE 22,4 EXT

PROCEDURES:
. 1,K VALUE 7o SHTCUT 11 .RETREV 17 JHELP

2 ENTHALPY B4 COLUMN 12.SYSTEN 18.5TOP ‘

3,PHASE S CERDA 13,DEFINE 194 TIME AND DATE
. 4 FLASH 10.COLCST 14,STORE

S,ABSEDM 214 HEX 15.ACTFIT

6.8 CCABE 22, EXT

SELECT PRCCEDURE:

RETREV = RETRIEVE PHYSICAL CONSTANTS FROM DISK FILES
ENTER NANME OF FILE (RETURN FOR PUBLIC DATA):
+DATA WILL BE RETRIEVED FRCM FILE PUBDAT

RETRIEVE ALL COMPONENTS FROM FILE? (Y OR N):

NAME COMPCNENT TC BE RETRIEVED (RETURN TQ END):
+COMPONENT 1 IS ACETONE

NAME COMPCNENT TO BE RETRIEVED (RETURN TO END):

+COMPONENT 2 IS ETHANOL

NAME COMPCNENT fO BE RETRIEVED (RETURN TO END):

+COMPONENT 3 IS CHLOROFORS

HAME COMPCNENT TO BE RETRIEVED (RETURN TO END):
+COMPONENT 4 IS WATER

NAME COMPCMENT TO EBE RETRIEVED (RETURN TO END):
LIBRARY 1S REDEFINED. SYSTEM IS UNDEFINED, -

]74

SELECT PROCEDURE:
- SYSTEM = DEFINE COMPONENTS IN SYSTEM

RODELS FOR VAPOR ENTHALPY HV:
8 1« IDEAL SOLUTION OF PERFECT GASES.
2s RESIDUAL ENTHALPY FROM VIRIAL EQUATION OF STATE,
3¢ RESICUAL ENTHALPY FRCM REDLICH=KWONG EQUATION,

MODELS FOR LIQUID ENTHALPY HL:
i 1« IDEAL SOLUTION OF SATURATED LIQUIDS,
¢ IDEAL SOLUTION wITH PRESSURE CORRECTION,
3. EXCESS ENTHALPY FROM WILSON EQUATION,
4a RESIDUAL ENTHALPY FROM REOLICH=KWONG EQUATION,

RODELS FOk VLE CALCULATIONS:
1. LIGUID: WILSON ACTIVITY,VAPOR: VIRIAL EQN OF STATE,
s PRAUSNITI=CHUEH VERSION OF REDLICH=KWONG EQUATION.
3. LIQUID: IDEAL SOLUTICN, ANTOINE EQUATION /

VAPOR: DALTON'®S LAW,

SELECT MOCLELS FOR HV,HL,VLE (

BLANK THEN RETURN FOR 1 1 1):
SELECT COMPONENTS (D FOR HELP):

SELECTED COMPONENTS:

EXAMPLE 4 - Computer Output'o{ Multicomponent Liquid-Liquid Extraction
EXT). : .



1a ACETONE
2s ETHANOL
3, CHLORCFORM
4y WATER '

VAPOR ENTHALPY: IDEAL SOLUTION OF PERFECT GASES,.
LIQUID ENTHALPY: IDEAL SOLUTION OF SATURATED LIQUIDS,

K=-VALUES: RAOULT®S LAW.

PROCEDURES:

1.K VALUE 7e SHTCUT
2,ENTHALFY 84 COLUMN
3,PHASE 9. CERDA
44FLASH 10, COLCST
S.ABSEDN 214 HEX
6uMCCABE 224EXT

SELECT PRCCEDURE:

114RETREV
12.5YsTEN
13.0EFINE
14 (STORE

154ACTFIT

LIQUID~LIQUID EXTRACTION CALCULATION

C ENTER AVAL FOR MARGULES

17,HELP
18,5T0P
19.TIME AND DATE

€ ENTER TEMP /SNRTLACCoCT,ALPC/ ALPT,CG,ALP FOR NRTL
C ENTER TEHP:NGHOL'NOGP;IOGPINHG'NSG:QQ'RR:NKTAB

PARAM FCR UNIFAC
ENTER INPUT PARAMATERS

f(BALLPR:TIHINC'H1'HZ;HfoSREST:SHORH:SACTC

SWRIT,TOL,CORPS.,C OMPN/STARS #X1,F1,X2,F2.X FsFF,SFY
SFZIAVALITEHPISNRTLICCICTIALPCIALPTICGIALPINGHOL
NOGP,IDGFP,NMGANSG ,QQ, RR/NKTAB,PARANM)

175
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CONVERGED RESULTS

. COMP=1=ACETO
COMP=2=E ThAN
COMP=3=CHLOR
COMP=4=WATER

FEEDS TO THE COLUmN

STAGE FEED

NO FLOW CoOMP=1 COMP=2 = COMP=3 comMP=4
ARARE W RARXEXRE R ARXERRAR - ARk ANSE

T0P « 800 «00CCH .CC00N  1.6C0CO « 000060
BOTT O 1.00C .0GCCo .CG00C .00000  1,00C00

10 «20C .560C0 - .50000 . 00000 .00000

ERRORS IN THE COMPONENT MATERIAL BALANCE EQUATIONS. ERRCR=100G (INPUT=0UTPUT) /INPUT

CORP =1 Ou
CoOmrP=2 ‘0.‘
COMP =3 0.

COHP-‘ "2.

ITERATION NO=10

1. STAGE FLOWS

STAGE  HEAVY LIGHT
NO FHASE PHASE
R Rkk & RAXXTRRKY AKX AR RRR
1 951 1.062
2 1,013 1. 113
3 14066 1,161
4 1.115 1. 2C0
5 1.154 1.227
6 1.181 1. 243
7 1.196 1. 251
8 1,203 1.255
9 14206 1,256
10 1,207 1.234
11 2986 1.151
12 <94k 1.166
13 2918 1.118
14 2890 1.1C3
15

=855 . 12051



(93

¢

2aHEAVY=PHASE MOLE

STAGE
NO

*R Rk W

CCoMp-1

RARE RN
«16510
.10810
«16503
210192
.09552
09793
.09703
.09658
05639
.09632
.01625
»00218
.00027
.06003
+06000

VNS WN -2 ODOOVRNO NN =

b wd b wd ah wh

J4LIGHT PHASE MOLE
STAGE
5O ConpP=1
T KREN AR
1 00503
2 «01078
3 «01172
4 »01235
5 201272
6 «01290
7 «01297
8 «01299
9 01298
10 01298
11 06173
12 200021
13 00002
14 00000
15 «00C00

REPEAT 2 (Y OR N) :

FRACTICNS

¢

« 04401
08624
« 12436
«1561C
« 17942
« 19425
« 20237
s 20621
220779
»20834
=15N039
« 13006
s 11037
= 08534
205091

FRACTICNS

c

w 04287
= 08149
211378
213756
« 15269
« 16297
s 16488
« 16647
s 16702
« 16726
= 15183
« 13675
11780
= 09211
205532

2 SYSTEM IS UMDEFINED

PROCEDURES:

7e SHTCUT

1,K VALUE

2,ENTHALFY 84 COLUMN
3,PHASE 9a CERDA
4pFLASH 1€, COLCST
S.ABSEDM 21.HEX -
6.MCCABE 22, EXT

SELECT PRCCEDURE:

PROGRAM IS STOFPED

s 836065
28368
75084
« 71548
«89¢16
«68116
« 67288
»66895
«66734
s 66680
281631
285264
287542
%0192
» 53782

» 00332
= 00431
«0G533
« 00422
00683
«00719
«00736
« 00742
« 00743
« 00744
200761
206702
«C062C
206520
206402

11.RETREV
12.5YSTEM
13.DEFINE
144STORE

15.ACTFLIT

«01423
201698
«01974
« 02250
02491
« Q2666
02772
« 02826
« 02847
«02853
01705
«N1512
« 01395
«01270
«C1126

094479
a90342
«86917
« 84388
82776
«81894
« 81479
81312
« 81257
281232
« 83883

«85601.

87598
« 90268
« 94066

17.HELP
18.5T0P
19.TIME AND DATE

o



Y

- b3

SR . g -

PUBDAT

N .
ACETONE
ETHANOL
CHLORQFORN
WATER

12
113 ,
0010020030C4
22
BALLPR=0,75,TIKINC=104,H1=14,H2=0,,M=15,N=4,T0L=0.,001,
SREST=0ar SNORM=1, ,SACTC==1.,SWRIT=0a,COMPS(T)='CONMP=1",
COMPS (2)=*COMP=2"',COMPS(3)="COMP=3",COMPS(4)="CONP=4",
COHPN(f}={5CET0NE'rCOHPN(2)='ETHANOL'1CORPN(3)='CHLGRGFCRH"
COMPN (4)="WATER",
STARS (1)="anuren? ,STARS(2)="2xaxnnten? ,STARS(I)="nannnanaxa?,
STARS (4)='snassananavnl!,
X1(1I2)=.1081p04310.79410.01510.10.11710.07510.79610-Q1410.10.11910.0910.7961
201470270121 ,0C97,Cu?796,04014,0,,0a122,02101,04796,040146,0,,04124,0,105,
«796,04014+C,,0a126,02110,0.796,04C13,0,,0.129,06118,04796,0,013,0.-Ca131,
0a132,0.79€,Ca013,00,a134,04157,02796,Ne013,Cur040646,02125,6.995,-0.012»
0as0eC032,041C7,0.997,2012,00/,0.025,0e093,0997,0.012,0.-,0,017,C.077,0.998,
0eC12,00,04009,0.C50,0.999,04012,04,2%0,0/,1,~
X2C4r1)=14,00,40089,.0328,,0024,29998,0u,40096,.0578,040024,049849,C4,0.0098,
.0689:.0024;0.9203:0.,0.0099,0.074:0.00241.9558:0.:0.010:0.0773:U.0O24:
.941610.1.01021.08511.00241.927610.(.01041.n839l.0024l.913810-1
00106,20502,.0024,45002,C40,0.0108,04101,0,0024,0,8868,04,0,011,0.1199,0.0024,
-8711'0.IGQOOBBIl0961lc.003010.8607I0.’0-0027[0.0820’0.003’0.8505'0.0'
a0021,0.6713,e003,08403,Cer0.0014,0.0587,0.003,0.8302,04-00008,0.0382,C.003,
0.8107, . :
F1€¢2)=10+1,0,6+0,8, Ff2(1)=16~1.0, XF€1,11)=2+0,5, FF(11)=C.2,
AVAL(2,1)=,599,=0a674,1.338,04,045446,02,0a501,0.877,00,~0a9417,1:61,0u>
’ '4-7GIC.I1.87211.46’5.91;
N
18
22-21 -OB-UCLPI BU_I PO"O r'd 0-326KLNS-

INPUT Data File of EXAMPLE 4.



~DESPAC 5.f (6=APR=31) N 179

>

PROCEDURES:

1.K VALUE 7. SHTCUT 11.RETREV 17 JHELP

. 2. ENTHALPY 8. COLUMN 12.SYSTEN 18,5T0P
3.P HASE 9. CERDA 13.0EF INE 19.TIKE AND DATE
4.F LASH 1Ca COLCST 14 .STORE

o S.ABSEDN 214 HEX 15.ACTFIT
6.MCCABE 22.5XT

SELECT PRCCEDURE:

15

RETREV = RETRIEVE PHYSICAL CONSTANTS FROM DISK FILES

ENTER NAME OF FILE (RETURN FOR PUBLIC DATA):
+DATA WILL BE RETRIZVED FRCM FILE PUBDAT
RETRIEVE ALL CCMPONENTS FROM FILE? (Y OR N):

NAME COMPCMENT TC BE RETRIEVED (RETURN TO END):
+COMPONENT 1 IS N~HEPTANE

NAME COMPCNENT TC BE RETRIEVED (RETURN TO END):
+COMPONENT 2 IS CYCLOHEXANE

hAME COMPCNENT TC EBE RECTRIEVED (RETURN YO END):
. +COMPONENT 3 1S FURFURALDEHYDE

NAME COMPCNENT TC BE RETRIEVED (RETURN TO END):
LIBRARY IS REDEFINEDL SYSTEX IS UNDEFINED,

PROCEDURES:
. 1.KVALUE 74 SHTCUT 11.RETREV 17.HELP
CENTHALPY 8, COLUMN 124SYSTEN 18.STOP
3.PHASE 92 CERDA 13.DEFINE 194TIME AND DATE
.. 4 FLASH 10, COLCST 14.STORE
| S.ABSEDM 21, HEX 15.ACTFLT
6.MCCABE 22, EXT

SELECT PRCCEDURE:
“ SYSTEM =~ DEFINE COMPONENTS IN SYSTEM

: HODELS FOR VAPOR ENTHALPY HV:

. 1s IDEAL SOLUTION OF PERFECT GASESs
2. RESIDUAL ENTHALPY FROM VIRIAL EQUATION OF STATE,.
3« RESICUAL ENTHALPY FROM REDLICH=KWONG EQUATION,

MODELS FOR LIQUID ENTHALPY HL:
1a IDEAL SOLUTION OF SATURATED LIGUIDS.
- 2s 1DEAL SOLUTION WITH PRESSURE CORRECTION,
3s EXCESS ENTHALPY FROM WILSON EQUATION.
4s RESIDUAL ENTHALPY FROM REDLICH=-KWONG EQUATION,

HCDELS FOR VLE CALCULATIONS:
1« LIQUID: WILSON ACTIVITY,VAPOR: VIRIAL EQN OF STATE,
2e PRAUSNITI-CHUEH VERSION OF REDLICH-KWONG EQUATION,
Ja LIQUID: IDEAL SOLUTICN, ANTOINE EQUATION ;

VAPOR: DALTON'S LAW,

SELECT MODELS FOR HV,HL,VLE ¢( BLANK THEN RETURN FOR 1 1 1):
SELECT COFPONENTS (D FOR HELP): .

SELECTED COMPONENTS:
1« N=HEPTANE
2a CYCLOHE XANE
3a FURFURALDEHYDE

EXAMPLE 5 - Computer Output of Mu}tic?mponent Liquid-Liquid Extraction
EXT). . .
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VAPOR ENTHALPY: IDEAL SOLUTION OF PERFECT GASES.
LIQUID ENTHALPY: IDEAL SOLUTION OF SATURATED LIQUIDS.
K=VALUES: RAQULT'S LAwW,

PROCEDURES:

1.KVALUE 7« SHTCUT 11.RETREV 17 .HELP
CoENTHALFY 8,COLUMN 12.SYSTEM 18.5TOP

3.PHASE Ge CERDA 13.0EFINE 19, TIME AND DATE
Gof LASH 1C, COLCST 14.STORE

S5s.ABSEDM 21. HE X 15«ACTFIT

6sMCCABE 22.EXT

SELECT PRCCEDURE:
LIQUID=-LIQLID EXTRACTION CALCULATICN

€C ENTER AVAL FOR MARGULES

C ENTER TESP,SNRTL,CC,CT,ALPC,ALPT,CG,ALP FOR NRTL

C ENTER TEMP,NGMOL »NOGP,IDGP,NMG,NSG,QQ,RR/NKTAB

PARAM FCR UNIFAC

ENTER INPUT PARAMATERS

+(BALLPR,TIMINC,H1,H2,M/N,SREST,SNORR,SACTC
SWRIT,TOL,CCHPS,CCMPN/STARS#X1,F1,X2,F2+XF,FF,SF1
SFZ,AVAL,TERP,SNRTL,CC,CT,ALPC,ALPT,CG,ALP,NGROL
NOGP,IDGP,NMGLNSG,QQ,RRANKTABIPARAR)




CONVERGED RESULTS

COMP=1=N~HEP
conp-2=CYCLO
COMP=3=F URFU

rsé?s TO THE COLUMN

STAGE FEED
NO FLOW = COMP~1
trak Ew RAR AT AR R AR AR KRR

ToP 12104000 «00GC0
BOTT OM 10C. 0646 »50CC0

corP=~2
Rk AR KK
. 0G0ooe
«5000¢C

corp=3

1.00300
»GGCCO

181

ERRORS IN THE COMPONENT MATERIAL BALANCE EQUATIONS. ERROR=100C(INPUT=OUTPUT)I/INF

comp-1 Ou
COMP=2 - Og
COMP =3 Oa

ITERATION NO= 7

1.STAGE FLOWS

STAGE HEA VY LIGHT

NO PHASE PHASE
AE Rk % SRR AR AR RAERAARN
1 1297.78% 48,788
2 12464273 11.051
3 12084737 12,832
4 12054417 12,679
S_ . 12044640 12934 .
6 1205,128 124150
7 1204,196 12.150
8 1204 4180 124159
10 12044168 12,1590
11 1204 ,162 = 12.150
12 1204 4156 12,150
13 1204,150 124150
14 1204 ,.143 12.150
15 1204 ,137 12,150
16 1204131 12.150




'

24 HEAVY=PHASE MOLE FRACTICNS

STAGE
NO

ARAE &

1

2
i\

“ 00 ~NOWV

34LIGHT PHASE MOLE

STAGE
NO

YAk &

NV UGN =

10

CCHP=1

AR REY
.03353
«02241
.00059
.00001
.00000
.060G0
00000
,00000
00060
.00C0C
.00000
.00000
.000G0
.06000
.00060
«000040

CCHP=1

ERAR R
«57520
207688
00059
00001
«20000
00000
«00000
00000
00000
«000040
00000
+00000
=00000
+0000¢C
00000
«0Gcoo

c
.03852 .92295.
.01361 . 96398
00029 .69612
.00000 .99599 -
.Cu000  1.0G000
.C0000  1.000CC
.0000C  1,£02C0
.C03G0  1,00C0C
.0000C  1.CCC0C
.00000  1,06060
.C000C  1.003CC
.0600C  1,00CGC
.000G0  1,0000C
.00000  1,000C0
.0000C  1.00000
.00060  1,00€00
FRACTICNS

¢
234946  o07534
.03596  .88716
.00029  L.99912
.00000  .99999
.00000  1,00000
.00008 1,00000
.7026C  1.00090
.00000  1.00000
.0G000  1.00000
.0000C  1,0C00G
.C090C  1,00000
.0000C  1,00060
.00000  1.06GC00
.0000C  1,06000
.C0000  1.60000
.00000  1.060G0

182
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REPEAT 2 (Y QR N) =
2 SYSTEM IS UNDEFINED

W

g PROCEDURES:
1.K VALUE 7o SHTCUT
2.ENTHALPY 8. COLUHN
. 3.P HASE Su CERDA
4,FLASH 10, COLCST
S,ABSEDN 21, HE X
6+ CCABE 22, EXT

SELECT PRCCEDURE:
PROGRAN 15 STOPPED

11.RETREV
12.5YSTEM
13.0EFINE
14 STORE

15.ACTFIT

17.HELP
18.570°P
19, TIME AND DATE

183
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b - | BT

‘v

PUBDAT

N

N=HEP TANE
CYCLOHEXANE
FURFURALDEHYDE

12
113
001002003
22
BALLPR=0.8C,TIMINC=10a,rH1=1,,H2=0.,%=16,N=3,T0L=0.001,
SREST=0urSKORM=1,,SACTC=1 2 ,SWRIT=0,,COMNPS(1)="COMP=1",
CORPS (2)=*COMP~2" ,CCMPS (3)=*COMP=-3",
COMPN(1)="N=HEPTANE ', COMPN(2)=*CYCLOHEXANE®,
COMPN (4)=CFURFURALDEHYDE®',
STARSN(1)="asnaaa? ,STARS(2)="menannwan? ,STARS(I)="sasannnaxn?,
X1€1,22=a 02,2 06,0,9C,C4 40,4~ ’
«ecre08,0.9C,0,,0.+
.02’.08’0.90’ D. IO.I
.02'; 0810.9010. IO.I
.02’. 08’0.9CIO. IC-I
.02’. 08'0-9CI 0. ’Oll
«02,208,0290,10+04r
[ 02'. 081019{:' 0. IO.I
«02,0C8,049C, 0,04/
.021.08’0|9CID. 'Oll
-02" 0810.901 0. IOI ’
-OEI- CBID.9CI 0. 'OII
.02’. OBID.QCI 0. IU.’
-02’. 0810;901 0. lc.’
«02/,2.08,0.9C,0,,0.~
{O21.08(0.90rq.10;1
D-ID.I1-'0-IODI‘
X2€1,1)=45C,4.50+,4C,Ca 0,
-70'.10'0.’20’ D. ’D.I
a?Cra10,6420,0, 04~
a?70,0.10,0220,04,04+
070,a10,0420,04 04~
.7C'.10'0!2010.10-1
a?7Cra10,0.20,04+00~
.7GI. 10'0.20'0. IOQI
a8 7C’. 10’0.20’0. IO.I
.701.1010;2010.10.1
-75’- 10’0.20’ 0‘ IU-I
e 70’. 10'0220' u. IOpI
a7Cra10,0220,04,06~
.7CI. 10'0’20' 0- IOY’ ’
-70’-10'0.20’D. IDII
.7CI-1OIG.ZCI 0. ID.I
.70'.10’0.2;'0. IO-I
F1(2) =16%1240.,1210,,
F2(1) =100.-I16‘70. ’
AVAL(S/S)?G.I
CC(515)=0?1
CT(5,5)=0a~
ALPC(5,5)=C,.»
ALPT(5,5)=04s
TEMP=303,15, SNRTL=0.1,
C6(1r1)=0;1611.11618.10.10.1f535.10-1992.10.'0.1
16401.,14434,00 704,04,
ALP(1,1)=12+0.3+0435,00+040+0.3,7270235,04+0a,
0.35 l.3511 !lol IO.ID. ’0.’0. I1 IIO.I
D'.IOQIO. ID|I1.;

INPUT Data File of EXAMPLE 5.
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DESPAC 54& (6=APR-81)

PROC EDURES:

1-KVALUE 74 SHTCUT 11.RETREV 17 JHELP
2«ENTHALPY 84 COLUMN 12.85YSTEM 18.,5T0P

3.PHASE G« CERDA 13.DEFINE 19.TIME AKD DATE
4.F LASH 1C. COLCST 14.STORE

5.ABSEDHM 214 HEX 15.ACTFIT

SELECT PRCCEDURE:
RETREV = RETRIEVE PHYSICAL CONSTANTS FROM DISK FILES
ENTER NAME OF FILE (RETURN FOR PUBLIC DATA):
+DATA WILL BE RETRIEVED FRCM FILE PUBDAT
RETRIEVE ALL COMPONENTS FROM FILE? (Y OR N):

NAFE COMPONENT TOQ EE RETRIEVED (RETURN TO END):
+COMP ONENT 1 1S WATER

NAME COMPCNENT TO SE RETRIEVED (RETURN TO END):
+COMPONENT 2 IS WATER1

NAME COMPCNENT TC BE RETRIEVED (RETURN TO END):
LIBRARY 1S REDEFINED, SYSTEM IS UNDEFINED,.

PROCEDURES:

1.K VALUE 72 SHTCUT 11.RETREV 17 HELP
24ENTHALPY 84 COLUMN 12,SYSTEN 184STOP

3 4P HASE Ge CERDA 13.DEFINE 19.TINE AND DATE
4,FLASH 10. COLCST 14.STORE o

SsABSEDM 21, HEX 15.ACTFIT

SELECT PRCCEDURE:
SYSTEM = DEFINE COFPONENTS IN SYSTENM

MODELS FOR VAPOR ENTHALPY HV:
1« IDEAL SOLUTION OF PERFECT GASES.
.2¢ RESIDUAL ENTHALPY FRCM VIRIAL EQUATION OF STATE,.
3, RESIDUAL ENTHALPY FRCM REDLICH=~KWONG EQUATION,

MODELS FOR LIQUID ENTHALPY HL: ]
1. IDEAL SOLUTION OF SATURATED LIQUIDS,
2s IDEAL SCLUTION WITH PRESSURE CORRECTION.
3a EXCESS ENTHALPY FROM wILSON EQUATION,
4e RESICUAL ENTHALPY FRCM REDLICH=KWONG EQUATION.

MODELS FOR VLE CALCULATIOANS:
1. LIQUID: WILSON ACTIVITY,VAPCR: VIRIAL EQN OF STATE,
2e PRAUSNITZ=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):
SELECT CONPONENTS (0 FOR HELP): i

SELE CTED COMPONENTS:
1. WATER
2. WATERY

VAPOR ENTHALPY: IDEAL SOLUTION OF PERFECT GASES.
. LIQUID ENTHALPY: IDEAL SOLUTION OF SATURATED LIQUIDS.
K=VALUES: RACGULT'S LAw,

EXAMPLE 6 - Computer Output of Shell-and-Tube Heat Exchanger (HEX).
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PROCEDURES:

1K VALUE 74 SHYCUT 11.RETREV
2.ENTHALPY 84 COLUMN 12.SYSTENM
3.PHASE Se CERDA 13.DEFINE
4.FLASH 1C. COLCST 14.STORE
5.ABSEDM 21. HEX 15.ACTFIT
6.MCCABE 22.EXT

SELECT PRCCEDURE:
HEAT EXCHANGER CALCULATION
ENTER INPUT PARAMETERS
¢(TH1 ,TH2,TC1,TC2,N,HO,HDO,HD I, HI,DI,DO

SL/NTP,PT,B,Y,DE, MCOMP,KH,KCrVISHAVISC
TETA,FLAG,EPS,SuCH,SWCHT,SHCHZ2,CPL)

HEAT EXCHANGER RESULTS

up= 169642397 J/(SaMr*24K)
A= S4a591 THRa2

L= 91445837 M

NT= 188.0

DIS=  389.5898MM
HI= 791741696 4/ (SaNex2eK)
HO= 615924662 J/ (SaKsx2xK)

TH= © 300.9450KELVIN
F= 09242
CHTD= 544937 KELVIN

REPEAT? C Y OR N ):
? SYSTEM 1S UNDEFINED

PROCEDURES: ,
1,KVALUE 74 SHTCUT 11,RETREV
2.ENTHALPY 8a COLUMN 12.SYSTEM
3.PHASE 94 CERDA 13,DEFINE
4 FLASH 10, COLCST 14,STORE
5.ABSEDM 21.HEX 15.ACTFIT
6MCCABE 22, EXT

SELECT PROCEDURE:
PROGRAM IS STOPPED

17, HELP
18.5T0P
19.TIME AND DATE

17 HELP
18.5T0P
19«TIME AND DATE

186
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11

PUBDAT

N )

wATER . t
WATER1

12

113

0C1002

21
TH1=307,TH2=302,TC1=297,TC2=300,N=1,H0=6530,4D0=11356,»
HO0I=3785,H1=6530,0I=14.5,0C=19,5L=4,83,NTP=2,PT=23,8,
B=305,Y=4,76,DE=14,8C08P=22.07,35431,KH=,623,KC=4609,
VISH= 81, VISC=u92,TETA=,552,.552,
FLAG=1,EPS=,01,5WCH=0,SWCH1=0,SwCH2=1,CPL=75,5,7545/
N

18

22416 449 UCLP» BU,» PO4 ’ Ca 185KLNS,.

INPUT Data File of EXAMPLE 6.




COMPUTER OUTPUTS AND THE INPUT DATA FILES FOR
THE PROCESS FLOWSHEET DEVELOPMENT EXAMPLE




BESPAC 548 (6~AFPK=-81)

PROCEDURES:

1.KVALUE . 74 SHTCUT 11HETREY 17 «HELP
2.ENTHALFY S.CCLU AN 12:5YSTEN 18.5TGP

SQPHASE GaCERDA 13,0EFINF 19.TINRE AND DATE
4oFLASH 1ra COLCST 14 ,5TOkE

SABSEDM 21, HEX 15 ACTFLT

6.MCCALE 22, EXT

SELECT PRCCEDURE:

RETREV = RETRIEVE PHYSICAL CONSTANTS FROS 0ISK FILES
ENTER NAME OF FILE (RETURN FOR PUBLIC DATA):
+DATA WILL BE RETAIEVED FROHY FILE PUBDAT

RETRIEVE ALL COMPINENTS FROM FILF? (Y OR N):

NAME COMPCNCNT TO BE KETRIEVED (RETUPN TO END):
+CORPONENT 1 IS HYDROGEN CHLORIDE

NANME COMPCNENT TO 3t RETRIEVED (RZETURN TO EhD):
+CCOPPONENT 2 IS EBENIGHE

NAKE COHPCHENT TO EL RETRIEVED (RETURN TO End):
+COHPONENT 3 1S CHLOROSENZENE

NAME COAPCHENT TO 25 RETRLEVED (RETURN TO END):
+CORPOHENT 4 IS WATER

NAFKE COMPCONENT TO BE RETRIEVED (RECTURN TO END):
LIBRARY IS REDEFINFD. SYSTEH IS UNDEFINED,.

PROCEOQURES:

1eKVALUE 7. SHTCUT 11.RETRLVY 17 JHELP
2,ENTHALPY 8. COLU NN 12.SYSTEH 18.5T0P

24P HASE S CERDA 13.DEFINE 19.TIME AND DATE
44F LASH 10, COLCST 14.5STORE -

5eABSEOH 21 HEL 15.4CTFIT

6.HCCABE 224 EXT

SELECT PRCCEDURE: : :

SYSTEA = DEFINE COMPONTNTS IN SYSTEH

MODELS FOR VAPOR ENTHALPY #v:
1. IDEAL SOLUTION OF PEARFECT GASES.
24 RESIDUAL ENTHALPY FRO VIRIAL EWUATIOH OF STATE.
34 RESIDUAL ENTHALPY FRCM REDLICH-XKWOING EQUATION

HODELS FOR LTIUUID ENTHALPY HL:
1. IDEAL SOLUTION OF SATURATED LIGUIDS.
2« IDEAL SOLUTION W1TH PRESSURE CORRFCTION,
3« EXCESS ENTHALFY FROY WILSON EUUATIGN,
4, RESIDUAL ENTHALPY FRCM REDLICH~KWONG EGUATION.

HODELS FOR VLE CALCULATIONS:
Ta LIGQUID: WILSON ACTIVITY/VAPCR: VIRIAL EQN OF STATE,
2o PRAUSNITZ~CHUEH VERSION OF RLDLICH-KWONG FUUATION,
3. LIQUID: IDEAL SOLUTTIGH, ANTOQINE E4UATIOH
VAPOR: DALTON'S LAW,
SELECT HOOELS FOR HVsHL,VLE ( BLAMK THEN RETURN FOR 1 1 1):
~SELECT COMPONENTS (U FOR HELP):

CASE 1 - Computer OQutput of the Flowsheet (d) of Figure 4.2.
(Flash Temperature = 200°F = 366.48°K).



p——

|

S S —

SELE CTEO CO/IFUNENTS:

1. HYDRCGEN CHLORIOEL

2. BENZENE
3. CHLOROBENZENE

VAPOR ENTHALPY: IDEAL

SoLUTION

190

OF PERFECT GASES.

LIQUID ENTHALPY: IDEAL SOLUTION OF SATURATED LIGUIDS.
K=VALUES: RACULT'S LAW,

PROCEDURES:

1K VALUE 7« SHTCUT
Z+.ENTHALPY 8, CoOLUNN
3P HASE 9+ CERD A
44F LASH 10, COLCST
S,ABSEDM 21 HE X '
6.4HCCABE 22.EXT

"SELECT PRCCEDURE s
FLASH CALCULATIONS

SELECT TYFPE OF FLASH:

T1RETREV
12.5YSTEx
13.DEFINE

14 . STORE

15«ACTFIT

17 JHELP
18.570P

19.TINE AND DATE

+1aPQ 2.TQ 3.0V 4.TV 5.PV 6 TP 7.EHTHALPY B.DOKE :

ENTER INPUT PARAHMETERS

+ (TP +sZ+sCGUESSA X, Y, V)

+
+:

FLASH RESLLTS

HF = 2.¢008C+04
HL = 3¢5209E+04
HVY = =3.1400E+04

I COMPOMENT

1, HYDROGEN CHLCRI
2w BENZENE

3. CHLORCBENZENE

REPEAT? (Y OR H):

t1.Pu 2.TQ 3aQV 4,.TV 5,PV €.TP

ENTER INPUT PARAMETERS

)

< D -~
ot hn

x (D)
<4216
<5680

366480
2385
» 1331

Y (1)
«6594
2652
«i?54

t(TP,ZHF,(QUESS,XPY V) 7 )

Vf:

FLASH RESULTS

HF = 24¢P08E+U4
HL = 3.5209E+(4
HV = =3 ,14UCE+i4

Q = 1.4478E-01

I COMPONENT

1» HYDROGEN CHLORI
2« BENZENE

3. CHLORUBENZENE

REPEAT? (Y OR D

< U -
nonou

x (1)
103
4216
«S6E7

366 48U
238U
. 1331

Y (1)
«6594
2852
U754

Z(1)
1000
24C00
.5000

2(1)
41000
<4500
5000

XI(I)

« 9108 -

2 9157E-M"
« 2084E~01

T.ENTHALPY 8.DONE :°

XI(X)
. 91C8
«9157E=01
e 2U84E=01

+1.P3 2¢TQ 34GV 4«TV 5PV £,TP 7 ENMTHALPY 2.0INE :

K(1)
63473
«0297
«1328

K1)
63.73
6290
»13238




PROCEDURES:
1 +KVALUE
2 ENTHALFY
3.P HASE
4,FLASH
5.ABSEDHN
6.MCCABE

SELECT PRCCLDUR

ABSEDH -

7« SHTCUT

8, COLU N

S.CERDA
1C. COLCST
21 HEX
22.EXT

E:

11.RETREV
12.5YSTE#M
13,DEFINE
14.STORE

1S.ACTFIT

GAS ABSCRPTION (EDMISTER PETHAUL)

a9

17 .HELP
18.5T0P
19.TISE AND DATE

ENTER INFUT PARAMETERS (TT,TB,F, LT VB N, XT,YB 7 )

ABSEDM RESULTS

TT = 326,370
T8 = 401,330
P = 2,170
N= 3
I COMPCNENT
1. HYDRCGEN ¢
2. BENZENE
3, CHLORGBENZ

s

REPEAT? (Y OR N

 PROCEDURES:
1K VALUE
2.ENTHALPY
3.PHASE
44FLASH
S%ABSEDA
6,MCCABE

SELECT PRCCEDUR

McCaBeg -

LT = 140,68
vB = 1(C.514
XTCD
HLORI « 0L20
‘ -OCD?
ENE «9993
)
7aSHTCUT
8. COLUMN
G.CERDA
1C.COLCST
22.EXT

E:

vT
L3

X8(1)
«Ju77
2272
- 9651

11.RETREV

124SYSTEH
13.DEFINE
14.STORE

15.ACTFIT

643251
1C 4,37

YT(1)
+9683
4002
w315

MCCABE-THIELT EINARY DISTILLATION

Y8(I) XIT(1) xI8(I)
26594 a99285 «11658
«2652 s013062 « 99991
G754 «00193 1,L0CCU
17 4HELP
18.57T0P

19.TINE AND DATE

ENTER INPUT PARAMETERS (RATIO,ALPHA,Q, ETA ,XFsXD,FsD 7 )

KCCABE INPUT PARARMETERS
RATIO = 1,319 X
ALPHA = 2,878 X

2 = 1.008
ETA = 1.000
MCCABE RESULTS
XW = L0047 L
W= 152.56 v
L = 852477 N
V= 125,53 N

F
D
F
D

C
8
T
B

" uu

« 2130
« 5975

192461
4C.0L5S

278,09
125,53
9

5



REPEAT? (Y OR N):

PROCEDURES:

1,KVALUE  7.SHTCUT 11.RETREY 17 HELP
2.ENTHALPY 8a COLUSN 12.5YSTEY 18.570P

3.PHASE G. CERDA 13.0EFINE 19.TI#E AND DATE
4 FLASH 10, COLCST 14 .STORE ‘

SLABSEOM 21. HE X 15.ACTFLT

6 HCCABE 24 SXT

SELECT PRCCEDURE:
SYSTEM = DEFINE COMPONFENTS IN SYSTER

MODELS FOR VAPOR ENTHALPY HV:
1« IDEAL SOLUTION OF PERFECT GASES.
2o RESICUAL ENTHALPY FRCM VIRIAL EGUATION OF STATE.
3« RESIDUAL ENTHALPY FRCY REDLICH=-KWONG ZGUATION.
MODZLS FOR LIGQUID ENTHALPY HL: .
1. IDEAL SOLUTION OF SATURATED LIGUIDS.
2. IDEAL SOLUTTION WITH PRESSURE CORRECTION.
3. EXCESS ENTHALPY FRCK WILSCH EQUATIGN.
-4, RESIDUAL ENTHALPY FR$M REDLICH~KWONG EUUATION.

MODELS FOR VLE CALCULATICNS:
~1a LIQUID: WILSON ACTIVITY;VAPOR: VIRIAL CUN OF STATE.
2. PRAUSNITZ=CHUEH VERSION OF REDLICH~XWONG SQUATION.
3. LIuuIDp: IDEAL SOLUTICN, ANTOINE EQUATIONM /
VAPOR: DALTON®S LAWK,

SELECT 4ODELS FOR HV,HL,VLE ¢ ELANK THEN RETURN FOR 1 1 1):
"SELECT COFPONENTS (G FOR HELP): : :
SELECTED COMPONERNTS:

1. CHLORCBENZENE

2. WATER

VAPOR ENTHALPY: IDEAL SOLUTION OF PERFECT GASES.
LIQUID ENTHALPY: IDEAL SOLUTION OF SATURATED LIQUIDS,
K=VALUES: RAGULT'S LW,

-

PROCEDURES: : ,
1.KVALUE 7a SHTCUT " 11.RETREV 17HELP
2.ENTHALPY 8o COLUHN 12.SYSTEH 1845TOP .
3,P HASE Su.CERDA - 13, DEFINE 19.TIME AND DATE
44 FLASH 10a COLCST 14 .STORE '
5.ABSEDH 21.HE X 15,ACTFIT
6.4 CCABE 22, %XT -

SELECT PRCCEDURE:
HEAT EXCHANGER CALCULATION

ENTER INPUT PARAMETERS

+(TH ,TH2 ,TCT1,TC2/N,HO,HDO,HDI,HI,0I,D0
SL/NTP,PT,B,Y,DE,NCOMP,KHsKC/VISH,VISC
TETAlFLAGIEPS’SHCHISUCH11$WCH2/CPL)

- : - 2192
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HEAT EXCHANGER RESULTS

up= 505.1768 4 /(S auxr22K)
A= 304500 8k =2
L= $1G.9857
NT= 10545 \
DIS= 361, C7 584
HI= 615843505 J/(Samas2sK)
CHO= 89540426 4/ (SxPxx2xK)
TH= 310.4119KELVIN
f= J966"
cATD= 56,2678 KELVIN

REPEAT? ( Y OR N ):
7 SYSTEM IS UNDEFINED
>

PROCEDURES: : -

T.KVALUE TaSHTCUT 11 RCTREV 17 HELP
2.ENTHALPY 2, COLUN 12.SYSTEH 16.5TOP :
34PHASE " 9.CERCA 13.0SFINE 19.TIME AND DATE
LoFLASH 10.COLCST 14.STORE

5aABSEDH 21.HEX 15.ACTFIT

6.5CCABE 22.EXT

SELECT PRCCEDURE:
PROGRAM IS STOPPED



194

11
. PUBDAT
N
HYDROGEN CHLORIDE *
HENZENE
CHLOROBENZENE
WATER

12

113 .

001002003

4

7 -
T=3604483,P=2,38,2=10,40,5C;

3366;43,P=2.3s,z=10,4u,sc,nf=26068;

VI Z 002

TT=326.37,T8=401.33,P=2,17,LT=100,68,V8=110.514,N=3,
XT=04 20.,U008683,0.95,Y8=0,€6594,0.2652,04G7547
N
6
RATIO=143,ALPHA=3,878,4=1,ETA=1,XF=0u2106,XD=0,9975,
F=1 92 -61SID=40-356;
N
12 .
113>
t03034
21

T TH1=425.9,TH2=321.88,TC1=229%9,6,TC2=305.2,N=1,H0=1570,HD0=5000U~
HOI=1666,H1=6550,01=16.5,0C=1%,5L=4.88,NTP=2,PT=23,8,
B=305,Y34476,0E=14,BCONP=4,77+15.145,KH=,1308,KC=.616~
VISH=-BZIVISC=ISSITETA=Q.IClI ’
FLAGS 1,EPS=401,SWCH=U,SACH1=0,5WCH2=C,CPL=173.8,75.5/
N
18
2Na3117.UCLP, BU, P04 ’ 0. 374K LNS.

INPUT Data File of CASE 1.
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DESPAC 5.8 (£=2APR~-31)

PROCEDURES:

14K VALUE TaSHTCUT T1«RETREV 17 <HELP
ZLENTHALPY 8. Cotuitn 12.5YSTEM 1€.5T0°P

3 4P HASE G.CEADA 13.0EFINF 19.TINE AHD DATE
4.FLASH 1CaCOLCST 14.STORE

S.ABSEDH 21.HEX 15.ACTFLT

6.ACCASE 224 EXT

SELECT PRCCEDURE:
RETREV ~ RETRIEVE PHYSICAL COHSTANTS FRONM DISK FILES
ENTER NANE OF FILE (RETURN FOR PUBLIC ODATA):
+DATA WILL BE RETRIEVED FRCH FILE PUBDAT
RETRIEVE ALL COMPONENTS FROM FILZ? (Y Or N):

NAME COMPONENT TC BE RETPIEVED (RETURN TO END):
+COMPONEHT 1 IS HYOROGEN CHLORIDE

NABME COMHPONENT TC Bt RETRIEVED (RLTURN TO
+COMPONENT 2 IS EENZINT

Th0):

NAME COMAPCNENT TC EE RETRIGVED (RETURH TO
+COKPONEHT % IS CHLORUIJENZENE

END) :

NAME COMPCONENT TO BB KRETRIEVED (RETURK TO
+COBPONENT &4 IS WATER )

END) :

NAKE COMPCNENT TC B& KETRIEVED (RETURN TO END):
LIBRARY IS REDEFINFED. SYSTEM IS UNDEFINED.

 PROCEDURES:
12K VALUE 7o SHTCUT 11.RETREV 17 «HELP
2 ENTHALFY 2, COLUAN 12.SYSTEH 18.5T0P
3.PHASE GaCERDA 13,0EFINE 19.TIHE AND DATE
4,F LASH 10.C0LEST 1445TORE
5.ABSEDH 21 HEX 15ACTFIT
6.4 CCABE 22.EXT

SELECT PROCEDURE:
SYSTEM = DEFINE COMPONENTS IN SYSTEN

MODELS FOR VAPOR ENTHALPY HvV:
1. IDEAL SOLUTION 2F PERFECT GASES.
2. RESIDUAL ENTHALPY FRCH VIRIAL EQUATION OF STATE.
3. RESICUAL ENTHALPY FRCM REOLICH-KWCONG EQUATIGN,

MODELS FOR LIQUID ENTHALPY HL:
1. IDEAL SOLUTION IF SATURATED LIGUIODS.
2e IDEAL SOLUTION WITH FRESSURE CORRFCTIONG
3, EXCESS ENTHALPY FROK WILSON EGUATION,
4y RESIGUAL ENTHALPY FRCM REDLICH-XKWONG CGUATION,

MODELS FOR VLE CALCULATIONS:
1, LIuUID: WILSON ACTIVITY/VAPOR: VIRIAL EQN OF STATE,
2. PRAUSHITZ-CHUEH VSRSION OF REDLICH=KWONG EQUATION,.
3, LIQUID: IDEAL SOLUTICH, ANTOLNE EQUATION 7 :
VAPOR: DALTON'S LA
SELE CT MOLELS FOR HV,nL,vLE ( GLANK THEN RETURN FOR 1 1 1):
SELECT CCMPONENTS (U FOR HELP):

CASE 2 - Computer Output of the Flowsheet (d) of Figure 4.2.
(Flash Temperature = 250°F = 394.1°K). ,
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SELECTED COMPONENTS:
1 HYDRCGEN CHLORILDE
2. BENZENE
3a CHLOROBENZENE

VAPOR ENTHALPY: I0EAL SOLUTION OF PERFECT GASES,.

LIQUID ENTHALPY:

K=VALUES: RAOULT®S LA, .
PROCEDURES:

14K VALUE 7. SHTCUT
2ENTHALPY 8, COLU'IN
3.PHASE SaCERDA
4L,F LASH 10, COLCST
5.ABSEDM 21 HEX
6.8 CCASE 22.EXT

SELECT PRCCEDURE: .
<
FLASH CALCULATIONS

SELECT TYFE OF FLASH:

IDEAL SOLUTION OF SATURATSD LIQUIODS.

11.RETREV 17 JHELP
12,.SYSTER 13.570P
13,DEFINE 19.TIME AND DATE
14,STORE

15.ACTFIT

+1.Pu 2.TQ 3.8V 4TV 5.PV 6,TP 7.ENTHALPY 8.D0nE :
ENTER INPUT PARANETERS
+ (T, ,2,(GUESS, X, Y,V) 7 )
+ 3 )
_FLASH RESULTS
HE = 3.4351£+L4 T = 394,.10C
HL = 3.8223e+(4 P = 2330
HYy = 2.¢903E+04 vV = «2979
. .
I COAPONENT x (D) Y (1) (1) XICI) k(1)
1« HYDROGEN CHLORI U036 3272 ,1000 x 9749 91a42
2a BENZEANE «3683 4747 «4CGN « 35386 14269
3a CHLORCBENZENE .6281 «1581 «5000 « 1180 «3153
REPEAT? (Y OR M) : -
+3aP2 2.TU 3.0V 4TV 5,PV ¢.TP 7. EWTHALPY BL.DONE :
ENTER INPUT PARAWETERS '
+{ TP sZsAF,(GUESS,X,Y V) )
+3
FLASH RESLLTS
HF = 3.4851E+G4 T = 394,100
HL = 3,8223E+04 P = 2+330
HV = 2.¢9G3E+C4 v = .2979
Q = =3,£8826L~01
I COMPOMNENT XD Y (1) Z2(1) XI1(1) K(1)
1« RYDROGEN CHLCRI L0328 23272 <1060 29749 9142
2a BENZENE 3683 b 747 4000 «3536 1,289
3. CHLORCBENZENE 26221 1781 «5300 « 1180 «e3153
REPEAT? (Y OR N):

+1.P3 2.TQ 3,QV 4.TV 5.PV é;TPA

TaCHTHALPY 8.DONE &
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PROCEDURES:

1 «KVALUE

2E NTHALFY

3.,PHASE
4 FLASH
5.ABSEDHN
6«MCCABE

7. SHTCUT

HoCULUK

GaCERDA
10.CoLCST
21.HEX
22.6X7

11.RETREV
12.SYSTEH
12LLEFINE
14 .5TORE

15 4CTFIT

17 4HELP
18.570°P
19.TIME AND DATE

SELECT PRCCEDURE:
ABSEDM =~ GAS ASSCRPTION (EDMISTER METHOO)

ENTER INPUT PARAMETERS (TT,Td,P,LT,V3,N, XT,Y3 ; )

t:
+:

ABSEDH RESULTS

TT = 326,370 LT = 1L0.68 VT = 9,637
T8 = 401,330 VB = 29.793 LB = 120.384
P = 2,170
N= 3
I COAPONENT XT(I)  x3(ID) YTC1)  Y8(I) XxITC(I)  XIB(I)
1. HYDRCGEN CHLOSI = .C(00  .303%7 « 9655 43272 « 99395  .04548
2. BENZENE L0007 a1175 2L L4747 02482 £99935
3. CHLOROBENZENE .5593 L8783 U333 L1981 «00319  .99999
REPEAT? (Y OR N):
. PROCEDURES:
1.KVALUE 7o SHTCUT 11 RETREV 17 aHELP
2.ENTHALPY €. COLUN 12.5YSTEN 13.5T0P
3.PHASE 9. CERDA 13.0EFINE 19.TIME AKD DATE
4.F LASH 1Ga COLCST 14.5TORE '
. S.ABSEDN 21.HEX "15.ACTFIT
 6a" CCABE 22,EXT
SELECT PRUCEDURE:

MCCABE - KCCABE~THIELE BINARY DISTILLATION -
ENTER INPUT PARAMETERS (RATIO,ALPHA,u, ETA ,XFrsXDsFs0 7 )

R -

te
MCCABE IHPUT PARAHETERS
RATIO = 1.30 XF = L2174
ALPHA = 2,378 XD = .5675
@ = 14000 Fo= 192,35
ETA = 1,000 D = 4L.056
MCCABE RESULTS
xd = LUGU6 L8 =  275.51
W= 150429 ve = 125,61
L= 85,558 KT = 1C
v=  125.61 NE = 11
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REPEAT? (Y OR N):

PROCEDURES:

1«KVALUE 7« SHTCUT 11.RETREV 17 «HELP
2.LNTHALPY 2, COLU:N 12.5YSTEN 13.8T0P

3.,PHASE 9. CERDA 13.DEFINE 19.TIME AND DATE
44.FLASH 1C.COLCST 14.5TORE :
5«ABSEDN 21aHEX 1S5.ACTFIT

6ACCABE C2.EXT

SELECT PRCCEDURE:
SYSTEM ~ DEFINE COMPONIHTS IN SYSTEH

MODELS FOR VAPOR ENTHALPY HV:
1. IDEAL SOLUTION OF PERFECT GASES.
2, RESIDUAL ENTHALPY FRCH4 VIRLIAL EQUATION OF STATE,.
3, RESIDUAL ENTHALPY FROf REDLICH-KWONG EUUATION,

MODELS FOR LIGUID ENTHALPY HLi:
f. IDEAL SOLUTION OF SATURATED LIQUIDS,
2. IDEAL SJLUTION WITH FRESSURE CORRZCTION.
34 EXCESS ENTHALFY FROM WILSON ELQUATION.
4y. RESIDUAL ENTHALPY FRCH REDLICH-KWCNG EQUATION.

MODELS FOR VLE CALCULATIONS:
- %a LIQUID: wILSON ACTIVITY,VAPOR: VIRIAL EQN OF STATE.
2s PRAUSNITZ~CHUEH VERSION OF REDLICH~KWONG CQUATION
- 3a LIQUID: IOEAL SOLUTION, ANTOINRE EQUATION 7
VAPOR: DALTON'S LAW, .

SELECT MODELS FOR HV,HL,VLE ( ELANK THEN RETURN FOR 1 1 1):
SELECT COMPONENTS (G FOR HELP): :

SELECTED COMPONENTS:
1. CHLOROBENZENE
2. WATER

VAPOR ENTHALPY: IDEAL SOLUTION OF PERFECT GAS&S.
LIGUIO ENTHALPY: IDEAL SOLUTION COF SATURATED LIuUIDS.
K=VALUES: RAQULT'S LAW. :

-

" PROCEDURES:

1.KVALUE . 7.SHTCHUT 11 .RETREV 17 .HELP
" 2.ENTHALPY 8, COLUN 12.SYSTEN 18 .STOP ,
3,PHASE 9.CERDA 13.DEFINE 19.TIME AND DATE
4, FLASH 16, COLCST 14 .STORE
5.AHSEDN 21.HE X 15 ACTFIT
6.4CCABE 22.6xT

SELECT PRCCEDURE:
HEAT EXCHANGER CALCULATICH

ENTER INPUT PARAMETERS

+(TH1 »TH2,TC1,TC2/H,HO, HDOLHD I, HI,D1,00
SLANTP,PT,B,Y,DE,MCOMP,KHIKC/VISH,VISC
TETA,FLAGAEPS,SWCH, SWCHT,SWCH2,CPL)




HEAT EXCHANGER RESULTS

Un= S11.4111 J /(522 2K)

Az 29268061 %2
L= 49742434 %
NT= 10240
DIsS= 297,2957M4n

HI= 630243316 4/ (Snkxx2xK)

© HO= 91241111 J7 (Sxkxx2xK)
Tu= 2104 3813KELVIN
F= «F661
CHTD= 5642678 KELVIN

REPEAT? ( Y OR N ):
"? SYSTEM IS UNDEFINED

PROCEDURES:

1 AKVALUE 7. SHTCUT
2 ENTHALPY 8, COLUHN
3P HASE 9. CLSDA
4,F LASH 10.COLCST
5.ASSEDM 21 HEX
6«4 CCASE 22,547

SELECT PRCCEDURE:
PROGRAM IS STCFPED

11.RETrFEV
12.5YSTEN
13.DEFINE
14 STORE

15 ACTFIT

17 <HELP
18.5T0°P
19.TIHNE AND DATE



11
PUBDAT

N :

HYDROGEN CHLORIDE
BENZENE

CHLOROBEN ZENE
WATER

12

113

QC1002903

4

7

T=3% 2a1,P=2,38,2=10,40,507
N

N
8
5

<

6 .
T=39 .1,P=2.38,12=10,67,50,HF=34851;

TT2326.37,182401.33,P22,47,LT=100.08,V8229,793,H=3,

XT=04 »0.00C60683,0499,¥3=043272,N,4747,U0.1981;

N
6

RATIO=143,ALPHA=3.878,0=1,ETA=1,XF=N.2104,X0=0,9575,

F:l 93 .35'.0"'40 .U 56;
N
12

113 =
002300 4
21

TH12625.9,TH2=321 .88, TC1=259,6,TC2=3U5,2,N=1,H0=1570, HDO=5uCC,

HOI=1666,H1=6550,0114.5,D0=19,SL=4.88,NTP=2,PT=23.5,
B=305,Y=4a76,DE=14,8C00P=4,699,15.145,KH=41343,KC=,616,

VISH= u32,VISC=.85,TETA=0./,Cur

FLAG=1,EPS=a01/SHCH=0G,SHCHI=0,SWCH2=0,CPL=178.8,75.5/

N .
18
20.34.30,UCLP, BU, PUS ,

INPUT Data File.of CASE 2.

Na374KLNS,

kL
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DESPAC 5,€& (&~APR=-27)

PROCEDURES:

T«X VALUE 7. SHTCUT 11.RETREYV 17 «HELP
2+ENTHALPY 2. COLUMN 12.,5YsSTL N 13.5TCP

3.PHASE G4 CERDA 13, DEFTINE 19.TINE AND DATE
4 FLASH 10, COLCST 14.5TOFRE '
5.ABSEDH 21. HEX 15.ACTFLT

6.4CCASE 22.EXT

SELECT PRCC

RETREV =

ENTER NAME OF FILE (RETURK

EOURE :

RETRIEVE PHYSICAL CONSTANTS FROi

FGR PUBLIC DATA):

+DATA WILL SE REITRIEVED FRCA FILE PUBDAT

RETRIEVE ALL COKPONENTS FROM FILE?

NARE COMPCNENT TC 2t RETRIEVED (RETURN TOC

+CONP ONENT

NAME COMPCNENT TO BE

+COMP ONENT

NANE

1 1S HYDROGEN

2 IS BENIEWE

CO4PCNENT TC BE RETRIEVED (RLTURN T¢

RETRIEVED (RETURN TO

(Y OR N):

END)
CHLORIDE

END)

+COMPONENT 3 IS CHLORUBENZENE

NALRE CONMPCNENT TC 6L RETRIEVED (RETURN TO

+COMPONERT

NAME COMPCNENT TO SE RETRIEVED "(RETURN TO
SYSTEM IS UNDEFINED.

LIBRARY IS

PROCEDURES:

4 15 %ATER

REOEFINED &

£N0)

END)

END) 2

DISK FILE

1K VALUE 7. SHTCUT 11.RETREV 17 HELP
ZJENTHALPY 2, COLU 4K 12.SYSTE® 13.5T0P
3.PHASE 9. CERDA 13.DEFINE 19 ., TIKE AND DATE
4 oF LASH 1C. COLCST 14 .5STORE
5,ABSED A 21 HEX 15,ACTFIT

. 6 MCCABE 22.EXT

"SELECT PRCCEDURE:

SYSTEM ~ DEFINE COMPONENTS IN SYSTER

HODELS FOR VAPOR ENTHALPY HV:
1. IDEAL SOLUTION OF PERFECT GASES
2. RESICUAL ENTHSLPY FRGK VIRIAL EQUATION OF STATE.
3., RESICUAL ENTHALFY FRCY REDLICH=K<OHG EQUATICN.

HODELS FOR LIQUID ENTHALPY HL:
1a IDZAL SOLUTION OF SATURATED LIGUIDS.
2o IDEZAL SCLUTION WITH PRESSURE CORRECTION.
3. EXCESS SNTHALPY FROM WILSON EUUATION.
4 RESICUAL ENTHALPY FRCH REDLICH-KWONG EUWUATION,

MODPELS FOR VLE CALCULATICHMS: T
1o LIQUID: WILSON ACTIVITY/VAPGR: VIRIAL EWN OF STATE,
2a PRAUSNITZ~CHUEH vERSION OF REDLICH~KWONG EWUATIONS
3. LIQUID: IDEAL SOLUTICN, ANTCINE SQUATION /

VAPOR: DALTOK'S LAw,

SELECT MODELS FOR HV,HL,VLE (

BLANK THEN RETURN FOR 1 1 1):
SELECT COMPONENTS (U FOR HELP): '

CASE 3 - Computer Output of the Flowsheet (d) of F1gure 4.2
(Flash Temperature = 270°F = 405.2°K).

-
i




""’—"

SELECTED CORPONENTS:

202

1« HYDRCGEN CHLORIDE
2a HENZENE
3.. CHLOROBENZENE

VAPOR ENTHALPY: IDEAL SOLUTIOK GF PERFECT GASES.
LIQUID ENTHALPY: IDEAL SOLUTION OF SATURATED LIQUIDS,
K=VALUES: RAQULT'S LAW.

PROCEDURES:

1K VALUE 7. SHTCUT 11.RETREV 17 JHELP

2 E NTHALPY 2, COLUMN 12,5YSTe e 18,STOP

3.PHASE Ga CERDA 13,0EFINE 19.TIME AND DATE
44FLASH 16.COLCST 14.STURE

S.ABSEDN 21 HLX 15.ACTFLT

6 MCCABE 22.ExT

SELECT PRCCEDURL :
FLASH CALCULATIONS
SELECT TYPE OF FLASH:

+1.PQ 2.TQ 3.0V 4oTV S.PV 6.TP 7.ENTHALPY S.DONC 3
ENTER INPUT PARAMETERS
+(TP,2,(GUESS,XpY,V) )

3

S~

FLASH RESLLTS .

HF = 4 .2918E+04 T = 405,200
HL = 3 .7698E+04 P = 2.380
HY = 4 .821¢E+D4 v = « 4963
I COMPOMNENT X(1) Y (1) (1) XICI) k(1)
1, HYDROGEN CHLORI .G019 <1595 21963 . L9914 104.2
2. BENLENE 30066 <5009 C40uN «6215 1.6066
3. CHLOROBENIENE 66175 «2996 #5900 <2974 4295

REPEAT? (Y OR N):

+1.PQ Z'Tq S‘QV 4-TV S.PV C-TP T.ENTHALPY 8-00“5 :
ENTER INPUT PARARETERS

t(T/PLZ/HFL(GUESS,Xr,YLV) 7 )

+3

FLASH RESULTS .

HF = 4 .,c918E+04 T = 405.20U
HL = 3.7698E+04 - P = 2.33u
HV =  64.8216E+04 v = 4963

Q = 9.£9158=(2
I COHMPONENT x(1) Y () VZ(I) XI(I) K€1)
1, HYDROGEN CHLORI U019 «1995 210U0 « 9904 fUba2
s BENZEANE 23006 £ SO09 410N 6215 14606

3., CHLORCSENZENE L6915 2996 «5900 2974 <4295

REPEAT? (Y OR MN):

+1aPQ 22TQ 3,QV 4,TV 5.PV & TP 7,ENTHALPY 8.DONE :



PROCEDURES:

1.KVALUE 7. SHTCUT 11 .RETREV
2LENTHALFY 2, COLU N 12.SYSTE™.
3.PHASE 9.CERD A 13.DEFINE
44FLASH 10, COLCST 14.STURE
5.ABSEDH 21. HEX 154ACTFIT
6.4 CCABE 224 EXT ’

SELECT PRCCEDURE:

ABSED =~ CAS ABSCRPTION (EDHISTER .METHOD)

ENTER INPUT PARAMETERS (TT,TB,P,LT V3, H,XT,Y3
+32
t:
ABSE DM RESULTS
TT = 326370 LT = 103.68 VT = 9.963%1
T8 = 401.330 VB = 4$.034 LB = 140,35
P = 2.170
N= 3
I CCMPCNEAT ATCI)  x3(D) YT(1)
1. HYDRCGEN CHLORI  .0CJC . Aue3 9622
24 DENZEKL . 0CA7 1774 20031
3. CHLORCBENZENE L5593 8203 .0347
REPEAT? (Y OR M):
PROCEDURES:
1 oK VALUE 7. SHTCUT 11.RETREV
2.E NTHALFY 3a COLUN 12.5YSTeN
3,P HASE 9. CCRDA 13.DEFINE -
4 FLASH 10, COLCST 14.STORE
5.ABSEDM 21, HEX 15 ACTFIT

GWMCCABE 224, EXT
SELECT PRCCEODURE :

MCCABE = - PCCABE~THIELE BINARY DISTILLATION

17 JHELP
18.5TOP
19.TIME AND DATE

;)

Y8 (l) XITD)
«1995 « 99941
£ 50069 2 028E0
22996 = 00344

17 JHELP
18.STOP
19.TIKE AND DATE

ENTER INPUT PARAMETERS (RATIO,ALPHA,G, ETA ,XF,XDrFsD 7 )

MCCABE IMNFUT PARANETERS
RATIO = 1.30 XF = .2103
ALPHA = 3,878 XD = ,997S
Q ="1,000 £ = 190,29
ETA = 1.UCU b =  4L.USe
FCCASBE RESULTS
XH = w0004 L8 = 275,89
W= 156.23 VB = 125,65
L = 85.599 NT = 9
V= 125.65 N = 12

xIs(x)
(3189
» 99683
«99999



REPEAT? (Y OR M) :

204

PROCEDURES:

1.KVALUE 74 SHTCUT 11.RETREV 17 .HELP
2.ENTHALPY 84 COLUN 12.5YSTEM 184STOP

3,PHASE J.CERD A 13.0EFINE 19.TIHE AND DATE
4F LASH 10, CoLCST 14 STORE

5,ABSEDH 21uHEX 15ehCTFLT

6.MCCASE 224 €XT

SELECT PRCCEOURE:
SYSTEH -~ LCEFINE COMPONENTS 1IN SYSTEN

MODELS FOR VAPOR ENTHALPY Hv:
1. IDEAL SOLUTION OF PERFECT GASES,.
2« RESIDUAL ENTHALPY FRCH VIRIAL £GUATION OF STAT:-
3. RESIDUAL ENTHALPY FRCHM REOLICH-KWOWG EQUATION.

MODELS FOR LIGUID ENTHALPY HL:
1. IDEAL SOLUTION 9F SATURATED LIGUIOS.
2. IDEAL SOLUTION WITH PRESSURE CORRECTION.
3, EXCESS ENTHALPY FROM WILSON EQUATIGN, .
4e RESIDUAL ENTHALPY FROM REDLICH=KWCNG SGUATION

MODELS FOR VLE CALCULATIONS: I
1e LIUQUID: WILSON ACTIVITY,VAPOR: VIRLAL EQN OF STATEa
2« PRAUSNITZ~CHUEH VERSION OF REOLICH~KWONG EQUATION.
3, LIQUID: IDEAL SOLUTIGH, ANTCINL EQUATION ;
VAPOR: DALTON'S LAU,

SELECT HODELS FOR HV,HL,vVvLE (
SELECT COKPONENTS (U FOR RELP):

ELANK THEN RETURN FOR 1 1 1):

SELECTED COMPONENTS:
1. CHLOKCRENZENE
2. WATER

VAPOR ENTHALPY: IDEAL SOLUTION OF PERFECT GASES,
LIGUID ENTHALPY: IDEAL SOLUTICN OF SATURATED LIQUIODS,.
K=VALUES: RACULT'S LAW,

-

PROCEDURES:

1.KVALUE 7. SHTCUT 11.RETREV 17 dHELP
2.ENTHALPY 2, COLUMN 12.SYSTEH 13,5T0P .
3.PHASE S.CERDA 135.0EFINF 19 TIME AND DATE
L,FLASH 16, COLCST 14 .STORE

5.AESEDM 21.HEX 15 ACTFIT

64,MCCABE 22.EXT

SELECT PRCCEDURE:
HEAT EXCHAMGER CALCULATION

ENTER INPUT PARAMETERS :

+(TH1 ,TH2 ,T1C1,TC2/sHOL, HOOLHD I, HILDI,DO
SL/NTP/PT,B8sY,0E, ¥CONP,KH,KCAVISH,VISC
TETA,FLAG,EPS,SHCH,SwWCH1,SWCH2,CPL)




HEAT

EXCHANGER RESULTS

uon=

L=
NT=

DI S=

CATD=

50306849 J/(Sx1xr2%K)
30.123CGh w2
504.656G 4
104 40
299. 82451k
6205.6770 4/ (S *¥xx2%K)
883945244 1/ (S*Ma%2K)
0,31 239KELVIN
9660

5642078 KELVIN

REPEAT?.C Y OR N ):
2 SYSTEH IS UNDEFINED

PROCEDURES:

1.KVALUE 72 SHTCUY 11 hETREY
 24ENTHALPY 8. CGLUSN 12,5Y5TEH
. 3L PHASE 9. CERDA 13.,0EFINE
T4 4F LASH 1€. CoLCST 14 .STOREL
6 MCCABE 2248XT

SELECT PRCCEDURE:
PROGRAM IS STCPPED

T “:‘-,.*:'1:___.-'._-.-._...‘.-205 e e

17 JHELP
18.STOP
19«TIKE AND
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11

PUBDAT

N

HYOROGEN CHLORIOE ¢
BENZENE '

CHLOR O3ENZENE

WATER

12

113 .

001032003

4

7

T 405 4 2,P=2438,2=10,40,50;

=405 22,P=2438,2=10,47, 50, HF=42913;

\n032-40~7

CTT=326.37,T82401,33,P=2,17,LT=100.63,VB249,0634,N=3,
XT=N, ,0.09C6683,0.99,Y8=0,1995,0.5009,0.2996;

K

o .
RATIO=1.3,ALPHA=3,878,0=1 ,ETA=1 ,AXF=.2103,4D0=,9975,
F=19).289,0=40,056;

(X

A}
12

113~

G0300¢

¢1

TH1=425.9,1TH2= 371-58,TC1 269.6,TC2=3US5.2,8=1,H0=1570,4D0=5000,
HDI=1666,11I=6550,0I=16.5,0C=15,SL=4 58, 4TP=2,PT=23.5,
8=305,V=4,76,0E=14,%C0MP=4,.697,154 14)1KH—.1303’KC-.616’

VISH= 32, VISC=aB85,TFTA=N, ,(us”
FLAG=1,EPS=.01,SVWCH=U,SWCHI=0,SHCH2=U,CPL=17848,75457

18 )

20,38.24aUCLP, BU, PCA ’ Ou 374KLNS,

INPUT Data File of CASE 3.



DESPAC S.& (é=APR-21)

PROCEDURES:

1.KVALUE 7. SHTCUT 11RETREV 174 HILP
2.ENTHALFY . &,.COLUAH 1245Y5TEY 1645TGP

3«PHASE 9. CERDA 15, 0EFINE 19 TIAL AND DATE
4 F LASH 10, COLEST 14.STORE ’
SwABSEDH 214 HE X 15ACTFIT

6.34CCA3E 22, EXT

SELECT PRCCEDURE:

RETREV = KETRIEVE PHYSTCAL CONSTANTS F20% DISK FILES
ENTER MAME OF FILE (RETURN FOR PUSLLIC OATA):
+DATA WILL BE RETRIEVED FRCH FILE PUSDAT

RETRIEVE ALL COHFONENTS FROM FILE? (Y OR N):

RAME COMPCNENT TO 3E RETRIEVED (RETURK TO END):
+COFPONERT 1 IS HYDROGHN CHLORIDE

“NAKE COMPCNENT TO 8E RETRIEVED (RETURN TO €ND)
+COKPOHENT 2 IS EBENZTNEZ

NAME COAPCNENY TO BE KETRIFVED (RETURN TO END):
+COAPONENT 3 IS CHLORUBEMNZONE

NANE COMPCNENT TC EL RETRIEVED (RETURN TO EnD)
+CONP ONENT 4 IS WATLR

NANZE COHMPCNERT TC EBE RETRISVED (RETURN TQ ENO)
LIBRARY IS KREDEFINED. SYSTEM IS UNDEFINED,

PROCEDURES:

1K VALUE 7. SHTCUT 11 .RETREY 17 JHELP
CaENTHALPY 2, COLUAN 12.SYSTEN 13.5TOP

Z.PHASE - . S.CEL2DA 12,0EFINE 19.TIHE AND DATE
4. FLASH 10, COLCST 14 ,STCRE

S5.ABSEDH 21.HEX 15.ACTFIT

6aHCCABE 224EXT

SELECT PRCCcDURE:
SYSTEM ~ DEFINF COYPONANTS IN SYSTEH

MODELS FOR VAPOR ENTHALPY HV:
t. IDEAL SOLUTION OF PERFECT CASES
2o RESIDUAL ENTHALPY FRCH VIRIAL LQUATION OF STATE,.
3. RESIDUAL ENMTHALPY FROM REDLICH~XWONG ZUUATION.

MODELS FOR LIGUID ENTHALPY HL:
1. IDEAL SOLUTION OF SATURATED LIUUIDS.
2. IDEAL SOLUTION WITH FRESSURE CORRECTION.
3. EXCESS ENTHALPY FRUM WILSON EUUATION,
4e RESIDUAL ENTHALPY FRUM REDLICH-~KWONG SGUATION,.

MODELS FOR vLE CALCULATICANS: . )
1« LIQUID: WILSON ACTIVITY/VAPOR: VIRIAL EuUN OF STATE.
2s PRAUSNITZ~CHUSH VGERSION OF REDLICH=XKWONG EQUATICH.
3. LIQUID: "IDEAL SOLUTICH, ANTNOLNE EQUATION 7
VAPOR : DALTGN'®S LAW,.

SELECT HODELS FGR HV,HL,VLE (  ELANK THEN RETURN FOR 1 1 1):
SELECT CORPONENTS (G FOR HELP):

CASE 4 - Computer Output of the Flowsheet (d) of Figure 4.2
(Flash Temperature = 280°F = 410.77°K).’

S 7 AR
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SELECTED COHPONENTS: — T T T T T T m e e e s e e
1« HYDRCGEMN CHLORLDE
2. BENIENE
3. CHLOROBEN ZENE
VAPOR ENTHALPY: IDEAL SCLUTION OF PERFECT GASCS.
LIQID ENTHALPY: IDEAL SOLUTION CF SATURATED LIQUIDS.
K=VALUES: RAQULT®'S LAV, '
PROCEDURES: .
1eKVALUE 7. SHTCUT 11.RETREV 17 LHELP
2ENTHALPY 84 COLUMN 12.SYSTEN 18.5T0P
3.PHASE 9. CERDA 13.DEFINE 19.TIKE AND DATE
4 ,FLASH 10 COLCST 14.STORE . ’
54ABSEOM 21 HEX _ 1S4ACTFIT
6sMCCABE 22.5xT
SCLECT PRCCEDURE:
FLASH CALCULATIONS
SELECT TYPE OF FLASH:
+1aPY 2.TQ 3.0V 4aTV 5,.PV 64TP 7.SHTHALPY 3,DONE
ENTER INPUT PARAMETERS
+ (TP ,2,(GUESS, X, YrV) )
+: >
FLASH RESULTS
HE =  4.5N06E +04 T = 410.77C
HL = 3,6938E+04 P = 2.3380
HV = 5.5433E+(4 v s . 6558
I COMPONENT X (1) Y (1) () XICI) K(1)
» HYDROGEN CHLORI  ,0C014 41518  ,1000 « 9953 111.0
2. BENZENE 2522 4770 «4 000 7821 1384
3. CHLORCBENZENE s 7454 «e3712 «5000 «bE68 « 498D
REPEAT? (Y GR N):
+1aPQ 2T 3.4V 44TV S.PV ¢,TP 7.ENTHALPY S.DOHE
ENTER INPUT PARAMETEZRS
_"’(TIP[ZIHFI(GUESS_IXIYIV) ;)
+32
FLASH RESLLTS
HF = 4.S066E+0L4 T = 410.770
HL = 3.6932E+C4 P = 2.33U
HV =  545433E+04 v = » 6558
U = =2.7177e~U1 ‘
1 COHPOMNENT x (1) Y (1) 2(1) XI1CI) K(I)
1, HYDROGEN CHLORI 5014 .1518 L1060 <9953 111.0
2e BENZENE ] 2522 L770 4000 7821 1.884
3, CHLORCBENZENE «T454 «3712 «5000 «h868 24980

REPCAT? (Y OR N):

+1.PQ 24TQ 3.V 4,TV 5.PV €.TP 7.ENTHALPY S.DONE 3



PROCEDURES:

14K VALUE 7. SHTCUT
2 ENTHALPY 8. CCLUEN
3.PHASE S.CERDA
4.F LASH 10, COLCST
5.ABSEDH 21. HEX
6«MCCASE 22.EXT

SELECT PRCCEDURL:

11.RETPEV
12.5YSTL M
135.0EFINE
14 ,STORE

15.ACTFIT

ABSEDM = GAS AUGSORPTION (EDNISTER METHCD)

17 «HELP
24STOP
19 « TINE

ENTER INPUT PARANETERS (TT,T8,P,LT,VB,N/XT»Y8 7 )

ABSEDS RESULTS

TT = 326,370 LT =  1G0,68
T8 = 401.333 VE = £5.577
P = 2.17C
N= 3
1. COMPCHENT XT(I)
1. HYDRCGEN CHLORI  ,CCOU
2. BENZENE LCC07
32~ CHLOROBENZENE . 9693

REPEAT? (Y OR H):

PROCEDURES:

1%K VALUE 7 SHTCUT

2 ENTHALPY 2. COLU 4N

3P HASE Ga CERDA

4oF LASH 1C.COLCST
S.ABSEOH 21.HEX

64HCCABE 22. EXT

SELECT PRCCLDURE:

VT
LB

x3CI)
- 3617
« 2004
1579

11.RETREV
12,.,SYSTEHN
13.DEFINE
14<STORE

15.,ACTFIT

1096
156.16

YT(I1)
«9594
«0N50
«0356

MCCABE ~ MCCABE~THIELE BINARY DISTILLATION

Y3(1)
«1518
<4770
«3712

17 «HELP
18.5T0OP
19« TIHE

" ENTER INPUT PARAMETERS (RATIO,ALPHA,Q, ETA ,XF,XD,F,D

t3
+2
MCCABE INFUT PARAMETERS
RATIO = 1,30
ALPHA = 3,878
a = 14,080
ETA = 1,00u
KCCABE RESULTS
X4 = L0004
W= 150421
L = 85.59¢
V= 125,65

XF
X0
F
0

)

ve
NT
N3

nmouwoun

2123
3975
190,2
4LLGSo

275,87
125,65

12

209

AND DATE
XITC1)
« 99955
«03115
- 00357
AND DATE
;i )

X18(1)
= 02691
« 99845
«99969



—
»l

REPEAT? (Y OR N):

PROC EDURES:

1K VALUE 7. SHTCUT 11.RETFEV 17.HELP
2,ENTHALFY 8. coLyN 12,SYSTEN 15 .STOP '
IL.PHASE 5. CERDA 13.DEFINE 19.TINE AND DATE
4,F LASH 1C. COLCST 14 .STGRE

S.ABSEDH 21, HEX 15.ACTFIT

644 CCABE 22.6xT

SELECT PRCCEDURE:
SYSTEM = DEFINE COXPONENTS IN SYSTEHN

MODELS FOR VAPOR ENTHALPY Hv:
1. IDEAL SOLUTION OF PERFECT GASES.
2 RESIOUAL ENTHALPY FRCHM VIRIAL EQUATION 0OF STATE,.
3a RESICUAL ENTHALPY FRCH REDLICH-KWONG ZQUATION.

MODELS FOR LIQULIDL ENTHALFY HL:
1o IDEAL SOLUTION OF SATURATED LIQUIDS.
2o IDEAL SOLUTION WITH PRESSURE CORARFCTION.
3. EXCESS ENTHALPY FROM WILSON CUUATION,
4y RESICUAL ENTHALPY FRCH RLDLICH=~KWONG EGUATION.

MODELS FOR VLE CALCULATIONS:
-Tw LTQUID: WILSON ACTIVITY VAPCR: VIARILAL EdQn OF STATE.
2s PRAUSNITZ~CHUEH VERSION OF RCOLICH-KWORG EUUATION.
3. LIQUID: IDEAL SOLUTICN, ANTCINE EQUATION ;
VAPOR: DALTOMN'S LAW,

SELECT 4O0DELS FOR HV,HL,VLE ( SLANK THEN RETURKN FOR 1 1 1):
SELECT COMPONENTS (U FOR HELP):

-SELECTFD CORPONENTS:
1a CHLOROEEpZ[NE
2. WATER

VAPOR ENTHALPY: IDEARL SOLUTION CF PERFECT GASES, _
LIQUID ENTHALPY: IDEAL SOLUTION OF SATURATED LIQUIDS.
K-VALUES: RAGULT'S LAwW,.

-

PROC EDURES:

1.KVALUE 7« SHTCUT 11.RETREV 17 JHELP
CLENTHALPY 8. CULUHN 12.SYSTEM 18.5T0P :
T PHASE F.CERDA 13.0EFINE 19.TIAE AND DATE
4oF LASH 10.COLCST 14 STORE

S5.ABSEDY 21, He X 15.ACTFIT

6.MCCABE 22.EXT

SELECT PRCCEDURE:
HEAT EXCHANGER CALCULATION

ENTER INPUT PARAHETERS _

+(TH1 »TH2,TC1,TC2,N,H40,iD0,HDI,HI,0I,DO
SLANTP,PT,BAYSDE,MCOMPIKHIKC,VISHAVISC
TETA,FLAG,EPS,SWCH,SWCHT,SWCH2,CPL)

¢
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HEAT EXCHANGER RESULTS

uo= 503, 6515 4/ (Satin*2*K)
A= 30,118 6Hen2
L= 504.5820 A
NT= 104 ,0
PIS= 299, 22454
HI=  6205.677C 4/ (5*ixn2xK)
HO= 83894202 J/(S*paw2sK)
Tu= 310,31 T KELVIN
Cf= L9660
CaTD= 56,2678 KELVIN

REPEAT? ( Y OR N ):
? SYSTEM IS UNDEFINED

PRCCEDURES: :

1.KVALUE 74 SHTCUT 11.RETREV 17 HTLP
2.ENTHALPY 8. COLUIN 12.5YSTEM 18.5TOP

TP HASE . CERDA 13, DEFINE 19.TIHE AND DATE
4 FLASH 10, COLCST 14 STORE

5.ABSEDH 214 HEX 15,ACTFIT

6.4CCABE 224 EXT

SELECT PRCCEDURE:
PROGRAH IS STOFPED



11
PUBDAT-

N

HYDROGEN CHLORIDE A
BENZENE

CHLOR OBENZENE

WATER

12

113

601002003

4

7 4
T=410a77,P=2,38,2=10,40,50;

=410 W 77,P=2.38,2=10,45,5C,HF=460L663

noZ-o

TT=326u437,18=401,33,P=2.17,LT=100.68,V0=65.577,N=3,
CxRT=0a +0a00C6683,049%,Y8=Ca1518,N,477C,0.5712;

K

6

RATIO=1w3/ALPHA=3.878,u=1,ETA=1,2F=0,2103,X0=0,997S,»
F=190 «26%2,0=40,0G56.

h

12.

112

aa363 4

21 -
TH1=625.9,TH2=321.88,TC1=2269,6,TC2=30U542,N=1,H0=1575,HD0=5000,
HDI=1666,H1=6550,0I1=16.5,0C=1G,50L=4,38,NTP=2,PT=23.8,
B=305,Y=4,76,0E=14,NFCONP=4,696,15,145,KH=41303,KC=,616,
VISH= 432, V1SC=a85,TET A=, /,0s~r
FLAG=1,EPS=,01,5nCH=0,SUCHT=0,SUCH2=U,CPL=178.5,75.5/

'i . . .

18

20,42 .08, UCLP, BU, P04 s Juw3T4KLNS,

INPUT Data File of CASE 4.
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DESPAC 5.& (6~APR-81)

PROC EDURES:

1-KVALUE - 7. SHTCUT 11.RETREV 17 «HFLP
2 ENTHALPY 84 COLUMN 12.5YSTeH 128,s70P
3 PHASE 9. CERUA 13.DEFINE 19.TINE
4‘FLASH 1C. COLCST 14.8TORE

SpABSEDHM 21 HEX 15.ACTFLIT

6. CCABE :

22+ EXT

SELECT PRCCEDURE :

RETREV = RETRIEVE PHYSICAL CONSTANTS FRO& DISK FILES
ENTER NAME OF FILE (RCTURN FOR PUBLIC DATA):

+DATA MWILL BE RETRIEVED FRCHM FILL PUBDAT
RETRIEVE ALL COMFPONENTS FROM FILE? (Y OR K):

NAME COMPCNENT TO BE RETRIEVED (RETURN TO FhO):
+CONPONENT 1 1S HYOROGEM CHLORIDE

NAME COMPCNENT TO BE kEfRIEVED (RETURN TO END):
+COHP ONENT 2 1S BENZENE

'NAME COMPCNENT TO BE RETRIEVED (RETURN TO END):
+COUP OUENT 3 IS CHLORGBENZENE

NAME COMPONENT TOC BE RETRIEVED (RETURN TO ENDJ:

- +COMPONENT 4 IS WATER

NA KE COHFGNENT TO BE RETRIEVED (RETURN TO END):
-LIBRARY IS REDEFINED. SYSTEM IS UNDEFINED.

PROCEDURES:

" 1,KVALUE 7a SHTCUT 11-RETREV 17 sHELP
2.ENTHALPY 8a COLUMN - 12.SYSTEM 18.570P
34PHASE - "Gy CERDA 13.0EFINE 19 «TIME

~h4nFLASH 10. COLCST © 14.5TORE -
5,ABSEDN - 21aHEX 154ACTFIT
6.HCCABE. 22.ExT o

SELECT PRCCEDURE‘> ‘
SYSTEM - DEFINE COHPOHENTS IN SYSTEM

BODELS FOR VAPOR ENTHALPY Hv:
4. IDEAL SOLUTION OF PERFECT GASES,
2. RESIDUAL ENTHALPY FROM VIRIAL EQUATION OF STATE.
3. RESIDUAL ENTHALPY FRQO® REDLICH-KWONG EQUATION.

MOOZLS FOR LIQUID ENTHALPY HL:
1. IDEAL SOLUTION OF SATURATED LIQUIDS. .
‘2. IDEAL SOLUTION WITH PRESSURE CORRECTION,
3, EXCESS ENTHALFPY FROK WILSON EQUATION.
4¢ RESIDUAL ENTHALPY FROMW REDLICH~KWwONG EQUATION,

MODELS FOR VLE -CALCULATLONS:
1. LIQUID:

AND DATE

AND DATE

WIL SON ACTIVITY:VAPOR: VIRIAL EQN OF STATE,

‘2. PRAUSNITZ=~CHUEH VERSION OF REDLICH-KWONG EQUATICON,

3. LIAU1D: IDEAL SOLUTION, ANTOINE EQUATION ;
VAPOR: DALTON'S LAl ;

SELECT MODELS FOR HV,HL,VLE (
SELECT COVPONENTS (G FOR HELP):

BLANK THEN RETURN FOR 1 1 1):

" CASE 5 - Computer Qutput of the F]owsheet (d) of F1oure 4.2

(F]ash Temperature = 300°F = 421.88°K).

213



SELECTED COMPONENTS:
1. HYDRCGEN CHLORIDE
2. BENZENE
34 CHLOROBENZENE

VAPIR ENTHALPY: IDEAL SOLUTION OF PERFRCT GASES.
LIGUID ENTHALPY: ICEAL SOLUTION OF SATURATED LIQUIDS.
K=VALUES: RAQULT'S LA,

PROCEDURES:

,v .

1K VALUE 7w SHTCUT 11.RETREY 17 «nELP
2 ENTHALFY 8. COLUA 12,57STEN 18.STCP
3,PHASE G CERDA 13.0EFINE 19.TINE
4eFLASH 1Ca COLCST 14.5TURE
S.ABSEDH 214 HEX 15.ACTFIT
6.MCCABE 22.6x7 :
SELECT PRGCEDURE:
FLASH CALCULATIONS
SELECT TYFE OF FLASH:
ENTER INPUT PARAMETERS
+(T,P,2,(GUESS,XsYsV) )
FLASH RESULLTS .
T OHF = 6.2421E+04 T = 421 880
HL = 3.6181€+04 P = 2.34U
HV = 6.2421E+(4 vV = 1.0600
I COYPONENT x(1) Y(I) (1) X1CI)
1e HYDROGEN CHLORI <LGO9 1006 «106D 1.600
2. BENZENE 1813 L4700 (4000 1.600
34 CHLOROBENZENE 5178 .50U0 .5000 1.000
REPEAT? (Y OR N):
+1aP2 24TW 3.UV 44TV 5.PV G6aTP 7.ENTHALPY 8.DOKE :
PROCEDURES:
1K VALUE 7. SHTCUT 11.RETREV 17 HELP
2.ENTHALPY 2, CoLuAN 12.5YSTEM 18.5TOP
3.PHASE S.CLRDA 135.DEFINE 19.TIMF
4oFLASH 1€, COLCST 14 4STORE
5.ABSEDM ZcVaHEX 15.ACTFIT
6.HCCABE 224 EXT

SELECT PRCCEDURE:
PRCGRAM IS STOFPED

AND DATE

K(1)
125.3
Ca380
«6598

AND DATE

214




11

PUBDAT

N

HYDROGEN CHLORIDE

‘BENLE NE

CHLOROBENZENE
WATER

12
113 '
0010020403
4
7
T=421 «88,P=2,38,2=10,40,50;
XFLSHTP: SYSTEM IS SUPERHEATED VAPOR,
21442 436, UCLP, B8U, PO4 ’ Cal76KLNS,

INPUT Data File of CASE 5.
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DESPAC 5.8 (&=APR=81)

PROCEDURES:. e ' g o
«1.KVALUE o 74 SHTCUT 11.RETREV . 17 HFLP

. 2aENTHALPY - 84 COLUAN 12.5YSTeH 18.5T0°P
3aPHASE . "SeCERDA o 13.0EFINE “194TINE AND DATE :
. 4 FLASH 104 COLCST 14 STORE
‘ 5 ABSEDM 21, HEX 15.ACTFIT
.HCCABE © 224EXT ‘

SELE CT PRCCEDURE :

RETREV -~ RETRIEVE PHYSICAL CONSTANTS FRO4 DISK FILES
ENTER NAME OF FILE CRETURN FOR PUBLIC DATA):
+DATA WILL BE RETRIEVED FRON FILE PUBDAT

RETRIEVE ALL CONFONENTS FROM FILE? (Y OR N):

NAME ' COMPCNENT TO BE RETRIEVED (RETURN TG END):
fCCﬁPONENT -1 IS HYDROGEN CHLORIDE

NAME COMPONENT TO BE RETRICVED (RETURN TO END): -
fCOHPONEHT 2 IS BENZENE

g NAME COMPCNENT TC B8E RETRIEVED (RcTUQN T0 END)
, *COHPONcNT 3-18 CHLORGSCNZ’NE

NAHE COHPONENT TC BE RETRIEVED (RLTURN TO END)‘V
*COFPONENT 4 IS WATER

NAME COHPGNENT TO B¢ RHTRIEVED (RETURN TO"ND)'
LIBRARY I3 REDEFINED. SYSTEM IS UNDEFINED,.

PROCEDUR:Sf PR o & .
1K VALUE . T4SHTCUT | 11.RETREV 17 JHELP
24ENTHALPY -84 COLUMN . 12.SYSTEH - 184ST0P
- 3aPHASE G« CERDA 13.DEFINE 19.TINE AND DATE
. 4aFLASH 1C4CCLCST . 14.STORE -
54ABSEDM - 271 HEX 15.ACTFIT .
6.HCCABE .  R22.ExT g - _

SELECT PROCEDURE:.
SYSTEMAf DEFINE COMPONENTS IN SYSTEM

EODELS FOR VAPOR ENTHALPY HvV:
1. IDEAL SOLUTION OF PERFECT GASES,
2. RESIDUAL CNTHALPY FRGM VIRIAL EUUATION OF STATE.
3. KESICUAL ENTHALPY FRCH REDLICH=-XWONG EGUATION.

MODELS FOR LIQUID ENTHALPY HL:
1« IDEAL SOLUTION OF SATURATED LIWUIDS,.
2. IDEAL SOLUTION WITH PRESSURE CORRECTION.
. 3. EXCESS ENTHALPY FROM WILSON EZQUATIUHN,
4y RESIDUAL ENTHALPY FRCH REDLICH-KWONG EQUATION.

MODELS FOK VLE CALCULATIONS: s
1. LIQUID: WILSON ACTIVITYZVAPOR: VIRIAL EaH OF STATE.
2, PRAUSNITZ~CHUEH VEKSION OF REDLICH-KWONG EQUATION-
3, LIuulID: IDEAL SOLUTICN, ANTOLNE EQUATION ;
VAPOR: DALTON'S LAW,

SELECT HODELS FOR HV,HL,VLE ( BLANK THEN KETURN FOR 1 1 1):

SELECT COMPONZNTS (U FOR HELP):

CASE 6 - Computer Output of Flowsheet (e) of F1gure 4 2
(F1ash unit is removed)



)

SELECTED COMPCNENTS:

o 1. HYDRCGEMN CHLURIDE
3. CHLOKOGLEN ZENE
LN -
VAPOR ENTHALPY: IDEAL SOLUTION OF PERFECT GASES. _
LIGID ENTHALPY: IDEAL SOLUTION CF SATURATED LIQuIDS.,
o K~VALUES: RAOULT'S LAW.
PROCEDURES:
o 1,KVALUE 7. SHTCUT 11 RETREV 17 (HELP
2.ENTHALFY 2. CoLuAn 12.SYSTEM 18,.STOP
3P HASE $.CERDA 13,DEFINE 19.TINE AND DATL
N 4 FLASH 10, COLCST 14 .STORE :
S.ABSEDH 21 HEX 15 LCTFLT >
6.MCCASE 22.EXT
- _ SELECT PRCCEDURE:
o AGSEDM = GAS ABSCRPTION C(EDHMISTER METHOD)
CENTER IHPUT PARAVETERS (TT1,TB2P LT/VvLLNsXTPYB )
b +3
+2
ABSE DA KESULTS
TT = 3264370 LT =  1CN,68 VT = 104255
T8 = 401,330 v8 = 1C0.C0 L8 = 190,43
P = 2,170
" Nz 3
I COAPCNENT ATCI)  x8(I) YTCI)  ya(D) XITCI)
_ 1. HYDRCGEN CHLORI  .0C00 . .0C11 .9541 1000 . 99969
2. BOHZENE LCCN7 L2699 0089 L4000 . 03479
3, CHLOROBENZENE 26593 L7839 U379 L5000 00376
REPEAT? (Y QR N):
' PROCEDURES:
. 1,.KVALUE 74 SHTCUT 11 RETREV 17 JHELP
- 2LENTHALFY 8. COLUIN 12.SYSTEN 16.5T0P
3.PHASE GoCERDA 13.0EF INE 19.TIME AND DATE
4L FLASH 10. COLCST 14 ,STORE
N " 5.ABSEDH 21, hEX 15 ACTFIT
6eM CCABE 22.EXT
- SELECT PRUCEDURE: .
MCCABE ~ MCCABE=THIELE BINARY OISTILLATIOR
A ENTER INPUT PARAMETERS (RATIO,ALPHA,W, ETA ,XF,XD,F,0D ;i )
~ *3

f:

MCCABE INPUT PARARMETERS

RAT IO
ALP HA
N
ETA

[ 1 I [ 1}

1.30
3a873
1.0%0

XF
XD
F
D

W hono

21N
9975
198,20

L T

XIB(I)
«02156
299773
=99998



KCCABE RESULTS

AW = U039 LB = 275,83
M= 150414 ve = 125.74

L = 85. 631 NT = 9

V = 125,74 NE = - 17
REPEAT? (Y OR N):
PROCEDURES:
] «K VALUE 72 SHTCUT 11RLETREY 17.HELP
CeENTHALPY 8, CoLun 12.SYSTEHR 18 STOP
3.PHASE 9. CERDA 13.0EFINE
4oF LASH 1C. COLCST 14.5STURE
S.ABSEDN 21.HEX 15 ACTFIT
bMCCABE 224 £XT

SELECT PRCCEDUREL:
SYSTEM - DEFINE COMPONENTS I SYSTEH

FODELS FOKk VAPOR ENTHALPY Hv:
1. IDEAL SOLUTION OF PERFECT GASES.
2. RESIDUAL ENTHALPY FROM VIRIAL EWUATION OF STATE,.
3. RESIDUAL ENTHALPY FROM REDLICH-KWONG CWUATION.

MODELS FOR LIQUID ENTHALPY HL:
1. IDEAL SOLUTION OF SATURATED LIUUIDS.
2e IDEAL SOLUTION WITH PRESSUREL CORRECTION.
3, EXCESS ENTHALPY FROH WILSON EQUATION,
4 RESIDUAL ENTHALPY FRCH REDLICH~KWONG EWUATION

>

MODELS FOR VLE CALCULATIONS:

e e e e e e e o s ot e et e e e e e _2],8

19.TIME AND OATE

1« LIQU1D: WILSON ACTIVITY,VAPOR: VIRIAL EQN OF STATE.
2a PRAUSNITZ=CHUEH VERSION OF REOLICH-KWONG EQUATION,

34 LIQUID: IDEAL SOLUTICN, ANTOINE EWUATION
VAPGR: DALTON'S LAW,

SELECT MODELS FOR HV,HL,VLE ( BLANK THEN RETURN FOR
SELE'CT COMPUNENTS (0 FOR HELP): :
SELECTED COAPONENTS:

1. CHLOROBENZENE

2. WATER
VAPGR ENTHALPY: IDEAL SULUTION OF PERFECT GASES.
LIQUID ENTHALPY: 1DEAL SOLUTION Of SATURATED LIQUIDS.
K=VALUES: RAOULT'S LAW. '
PROCEDURES:
1K VALUE 7. SHTCUT 11.RETREV 17 «HELP
2 ENTHALFY 8. COLUNN 12.5YSTC ™ 18.5STOP
3,PHASE 9. CERDA 13.DEFINE 19 4 TINE
4 FLASH 10. COLCST 14 ,STORE
S,ABSEDA 21 HEX. 15.ACTFIT
6.4 CCASE 22.EXT :

SELECT PRCCEDURE:

HEAT EXCHANGER CALCULATION

ENTER INPUT PARAMETERS

+(TH] ,THZ,TC1,TC2,NsHO, HDO»HD I, HI,DI,DO
SL/NTP,PT,E,Y,DE,HCOMP,KHIKCHVISH,VISC
TETA,FLAG/EPS,SWCH,SHCHT,SWCH2,CPL)

11 1):

AND OATE:
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ST S e e TR L ST I

HEAT EXCAANGER RESULTS

up= SU3.5828 J/(Sakxa2aK)
A= 30,1095k #%2

L= 504.4353

NT= 10410

DIS= 299. 8245 Hia

HI=  6205.6770 4/ (S*r*x2%K)

"HO= 88942119 J71(S*Exx22K)

Tu= 310, 211SKELVIN
F= «%6606
CHTOo= 5642673 KELVIN

REPEAT? € Y OR N ):
? SYSTEM IS UNDEFINED

PROCEDURES:

T4KVALUE 7« SHTCUT 11.RETREV
2,ENTHALPY . 8. CCLUMN 12.5YSTEM
J.PHASE 9« CERDA 13.0EFINE
44F LASH 10.COLCST 14,STORE"
5sA85€0M . &1 HEX . 15.ACTFIT
0.,MCCABE - 224, EXT

SELECT PRCCEDURE:
PROGRAM IS STOPPED-

17 LHELP
18.570P
19.TINE AND DATE
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11

PUBDAT

N

HYDROGEN CHLORIDE ' ’
BENZ2ENE

CHLOROYENZENE

WATER

12

113
001002093
5

TT=326437,18=401, 3IP 21 7,LT=100468,v8=100.0C = 31
XT=0, »G.0066683,0.95,Y8=0.10,0.40,0450;

N

6 ‘ , ’
RATIO=143,ALPHA=3,878,4=1,ETA=1,XF=0,2101,XD=0.9975,
f=193-210=401056;

N

12

113

GC3030 4

21 *
TH1=425.9,TH2=321 88,TC1=259.6,TL2=305.2,N=1,40=1570,HDO= SUOUI
HDI=1666,H1=6550,01=16.5,00=19,5L=4.38,HTP=2,PT=23.8,
B=305,Y=4476/,0E=14,MC00P=4,694,15.145,KH=21303,KC=.616,
VISH=.32IVISC=.SS,TET.A=DI’0.’ -
FLAG21,EPS=4UT, SWCH=0,5UCHTI=0,SUCH2=U,CPL=178.,8,7545/

h

18

20-20-09-UCLPI EUI POA F 4 "-‘-311‘LNS-

INPUT Data File of CASE 6.



DESPAC 5.8 (&=APR-81)

PROCEDURES:

1.KVALUE 7a SHTCUT 11.RETREV 17 .HELP
2.ENTHALFY 8, COLUIN 12.5YSTEX 184ST0P

34PHASE 5. CERDA 13.,0EFINE 19.TInE AND DATE
4uFLASH 104COLCST 14.STURE

S54ABSEDN 21, HE X 15.ACTFIT

caH CCABE 22.ExT

SELECT PRCCEDURE:
RETREV = RETRIEVE PHYSICAL CCNSTANTS FRO” DISK FILES
ENTER NAME OF FILE (RETURN FOR PUBLIC DATA):
+DATA WILL BE RETRIEVED FROX FILE PUBDAT
RETRIEVE ALL COMPONENTS FROM FILZ? (Y IR K):

NAME COMPCNENT TO BE RETRIEVED (RZTURN TQ £ND)
+COKPONENT 1 1S HYOROGEN CHLORIDE

NAHE COAPCNENT TO 8¢ RETRIEVED (RETURH TO E£NHD)
+COMPONENT 2 IS BENZGHE

s

HAME CONPONENT TO SE RETRIEVED (RETURKN TO END)
+COMPOHENT 3 1S CHLOROBENZENE

NANE COHPCNENT TC Z2E RETRIZVED (RETURN TO END)
+COMPOHENT 4 IS WATER

NAME COMPCNENT TO H9€ RETRIFVED (RLTURN TO END)
LIBRARY IS REDEFINED. SYSTEM IS UNDEFINED.

PROCEDURES:

1<K VALUE 7. SHTCUT 11 RETREV 17.HELP
2sENTHALPY 8. COLUAN 12.5YSTEM . 18.5TOP

3.PHASE S CERDA 13.DEFINE 19.TINE AND DATE
"4 4F LASH 10, COLCST 14 .STORE

S«ABSEDH 21, HEX 1S.ACTFIT

6aMCCABE 22, EXT

SELECT PRUCEDURE:
SYSTEM ~ DEFIME COMPONENTS IN SYSTEH

HODELS FOR VAPOR ENTHALPY Hv:
1. IDEAL SOLUTION OF PEKFECT GASES. :
2. RESIDUAL ENTHALPY FROM VIRIAL EQUATION OF STATE.
3. RESICUAL CNTHALPY FRCM REDLICH=-KWONG EGUATION.

MODELS FOR LIWUID ENTHALPY HL:
1. IDEAL SOLUTION OF SATURATED LIUUIDS,
24 IDEAL SOLUTIOAN WlTh PRESSUKE CORRECTION,
3, EXCESS ENTHALFY FROH WILSOM EUWUATION,
4, RESIDUAL ENTHALPY FROM REDLICH~KWONG EQUATIGN,

RODELS FOR VLE CALCULATIONS:
1a LIUUID: WILSON ACTIVITY;VAPOR: VIRIAL EQN OF STATE.
2+ PRAUSNITZ-CHUEH VZERSION GF REOLICH-KWONG EQUATION.
3. LIQulD: IDEAL SOLUTICN, ANTOINL EQUATION ;
VAPOR : DALTCN'S LAW,.

SELECT AGDELS FOR HV,HL,VLE ¢  BLANK THEN RETURN FOR 1 1 1):
SELECT COFMPUNENTS (C- FOR HELP):

CASE 7 - Computerv0utput of the Flowsheet (e) of Figure 4.2
(Number of stages in the absorber is increased).
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SELECTED COnPONENTS:
1o. HYDRCGEN CHLOARIOE
2. BENZENE
3. CHLOKOBENZENE

VAPOR ENTHALPY: IDEAL SOLUTION CF PERFECT GASES,
LIGUID ENTHALPY: IOEAL SOLUTION OF SATURATED LIQUIDS.
K=VALUES: RAQULT'S LAY,

PROCEDURES:

12K VALUE 7.S8TCUT 11.RETREV 17.HFLP
2JENTHALPY 84 COLUAN 12.SYSTLE 18.570°P

3P HASE 9. CERDA 13.DEFINE 19.TIBRE AND DATE
44FLASH 10.COLCST 14.STORE

S,ABSEDH 21 HEX. 154ACTFIT

6.MCCABE 224EXT

SELECT PRGCEDURE :
ABSEDH = GAS ABSORPTION (EDHISTER WMETHOD)
ENTER INPUT PARAMETLRS (TT,TB,P,LT,VB,N,XT,YB 7 )

+

+3

ABSEDHM RCSULTS

TT = 326,370 LT = 100,68 VT = 1C.161

T8 = 401.330 vB = 100,00 L = 19n,.52

P = 2.170
N = é
I CONPGNENT XTCI) x3CI) YTCI)  YB(I) XIT(1)  XxIECD
1. HYDRGGEN CHLORI  .CL03  .13CMN 9629 J1CCA 1,000U0 .02162 °
2. BENZENE .CCC7  .21C3 L0063 L4060 03443 199999
3. CHLOROBENZENE .9993 7380 L0369 L5006 00372 1.00000

REPEAT? (Y OR N):

PROCEDURES:

1K VALUE - 7. SHTCUT 11.RETREV 17 JHELP

ZeENTHALPY 2. COLUMN 12.5YSTEM 16.STOP

3.PHASE S.CERDA 13.DEFINE 19.TIME AND DATE

4.FLASH 10.COLCST 14 .STORE

S.ABSEDN 21 HEX 15,ACTFIT

6a.MCCABE 22.5XT
SELECT PROCEDURE:
MCCABE = FCCABE=THIZLE SINARY DISTILLATION

ENTER INPUT PARAMETERS (RATIO,ALPHA,Q,s LETA /XF/XD,F,0 7 )

+3
+:
MCCABE INPUT PARAMETERS
RATIO = 1.30 XF = ,2135
ALPHA = 3,878 XB = L9975
a = 1.00C CF o= 190431
ETA = 1,000 b =  4C.G56
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MCCABE RESULTS
KW= L00u7 LB = 275.82

W = 150.25 v8 = 125.56

L=  85.505 NT = Y

V= 125.5¢ NE = 11
REPEAT? (Y GR N):
PROC EDURES:
14K VALUE 7o SHTCUT 11.RETREV 17 JHELP
2.ENTHALFY 8 CGLUMN 12.5Y$TE ™ 18.5T0P
3P HASE 9e CERD A 13.0EFINT 19 TIKE AKD DATE
4 F LASH 1C. COLCST 14.5TORE
S.ABSEDM 21 HE X 15.ACTFIT
6 M CCA3E 22,ExT

SELECT PROCEDURE :
SYSTEM = DEFINE COMPONZNTS IN SYSTERN

HODELS FOR VAPOR ENTHALPY HvV:
1. IDEAL SOLUTION OF PZRFECT GASES.,
2« RESICUAL ENTHALPY FROM VIRIAL LQUATION OF STATE.
3. RESIDUAL ENTHALPY FRCM REDLICH~KWONG EUUATION,

HODELS FCR LIWUID ENTHALPY HL:
1. IDEAL SOLUTION OF SATURATED tIuulbs,
2. IDEAL SOLUTION WITH FRESSURE CURRECTION.
30 EXCESS ENTHALPY FROK WILSON ESWUATIOH.
4 RESIDUAL ENTHALPY FROH REDLICH=KWCHG EGUATION,.

#ODELS FOR VLE CALCULATICNS: ’
1 LIQUIO: WILSON ACTIVITY ;VAPOR; VIRIAL EGN OF STATE.
2a PRAUSNITZ~CHUEH VERSION OF REDLICH~KWONG FQUATIGHN.
3, LIuUID: IDEAL SOLUTICN, ANTOINE EQUATION 7
VAPOR: DALTON'S LAW,.
SELECT MODELS FOR HV,HL,VLE ( ELANK THEN RETURN FOR 1 1 1):
SELECT COXPONENTS (L FOR HELP):

SELECTED CCWPONENTS:
1. CHLOROBENZENE
2. WATEER

VAPOR ENTHALPY: IDEAL SCLUTION OF PERFECT GASES.
LIQUID ENTHALPY: IDEAL SOLUTION OF SATURATED LIQUIDS.
K=~VALUES: RAQULT'S LAW,.

PROCEDURES:

1.KVALUE 7. SHTCUT 11 «RETREY 17 JHELP

2 ENTHALFY 2, COLUR 12.5YSTEY 18,5T0P -
3.PHASE 9. CERDA 13.0EFINE 19.TINE AND DATE
4,FLASH 10, COLCST 14.5TORE

5.ABSEDH 21 HEX 15.ACTFIT

6 MCCABE 22.EXT

SELECT PRCCEDURE:
HEAT EXCHANGER CALCULATION

ENTER INPUT PARAMETERS

+(TH1 ,TH2,TC1,TC2/N,iH0,dDO,HOI,HI,DI, DO
SLoNTP,PT+BsY,0E, RCOMP,KH,KC,VISHAVISC
TETA,FLAG,EPS»SUCH,SWCHT1,SWCH2,CPL)
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HEAT EXCHANGER RESULTS

up= SU3L7159 J/7(S*2aa2 %K)
A= 3041266 a2

L= S04.7158 4

NT= 1C4.0

pIS= 299.82454n

HI=. 620546770 4/ (S*pxx2xK)
HO= §89.6077 J/(Samwx2xK)
Tu= 310.3146K£LVIN

F= 9667

CHaTD = 562078 KELVIN

REPEAT? ( Y OR N ):
? SYSTEM IS UNDEFINED

PROCEDURES:

1.KVALUE 7. SHTCUT 11 ,RETREVY 17 HELP
2.ENTHALPY 8. COLUAN 12.5YSTEN 1834STOP

3P HASE ' S.CERDA 13.DEFINE 19.TIHE AND DATE
4 ,FLASH 10, COLCST 14 .STURE |

S.ABSEON 21.HEX 15.ACTFIT

6.mCCABE 2.EXT

StLECT PRCCEDURE:
PROGRAM 1S STOPPED
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11

PUBDAT

N

HYDROGEN CHLORIDL
SENZENE
CHLORO3ENZENE
WATER

12
113
oC1£02003

5 .
TT=326437,T65401,33,P=2,17,LT=100.68,VvE=100.U,N=6,
XT=04 r000C6683,0.99,78=0410,0. 40,0.507

N

6

RATIO=1,3,ALPHA=3 878,4=1,ETA=1,XF=La21153,X0=0.9975,
F 19]. 3110 40,0567 )

12

113

GO0300 4

21
TH1=42549,TH2=321.88,TC1=299.6,TC2=335.2,N=1,40=1570,HD03=5UCuU,
HDI=1666,HI=6550,D1=16.5,0C=19,5L=4,88,NTP=2,PT=23.%,
6=305,Y=4,76,0E=14,HC04P=4,6978,15.145,KH=.1308,KC=,616,
VISH= -32l Vlsc=.851TET A=n. IG.I

FLAG=1,EPS=, U1, SWCH=U,SWCH1=0,SHCH2=ULCPL=17848,75457

N .

18

202312, UCLP, BU, PCA4 , Ja311KLNS

INPUT Data File of CASE 7. .
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DESPAC 5S4t (&~APR~31)

PROCEDURES:

1.< VALUE 74 SHTCUT 11.RETREV 17 .HELP
2,ENTHALPY 8. COLUM 12.SYSTLH 18.5TOP
3P HASE Se CERD A 13, 0EFINE 19 .TIHE
4 oF LASH 10, COLCST 14.5TORE

S.ABSEDM 21a HEX 15.ACTFIT

6 MCCABE 22.EXT

SELECT PRCCEDURE:
RETREV = RETRIEVE PHYSICAL CONSTANTS FROY DISK FILFS
ENTER NAME OF FILE (RETURN FOR PUBLIC DATA):
+DATA WILL SE RETRIEVED FRCM FILEL PUBDAT
RETRIEVE‘ALL COXFONENTS FROM FILE? (Y OR N):

NAME COHFPCNENT TO 8SE RETRLEVED (RETURN TO ZND):
+COMPGOHENT 1 IS HYDROGEN CHLORIDE

NAKE COMPCNENT TC B8Z RETRIEVED (RETURN TO ENO):
+COHPQNENT 2 15 CGENMIENE

NAME COMPCNENT TC B¢ RETRIEVED (RETURN TO END):
+CORPONENT 3 IS CHLGRUBENITHE

NAME COHMPCNENT TC BE KETRIEVED (RETURN TO END):
+CORPONENT 4 IS WATER

NAME. COMPUNENT TC BE RETRIEVED (RETURN TO END):
LIBRARY IS REDEFINED. SYSTEM IS UNDEFINED,.

PROCEOURES:

1K VALUE 7. SHTCUT 11.RETREV 174HFLP
2,ENTHALPY 2, COLUITN 12.5YSTE™ 18.STOP
X _PHASE Se CERDA 12.0EFINE 19.TIKE
4 ,FLASH 10,COLCST 14.STORE

5 ABSEDM 21.HEX 15 ACTFLT

6. CCABE 22.EXT

SELECT PRCCEODURE: *

SYSTEN = DEFINE COEPONTHNTS IN SYSTER

MODELS FOR VAPOR ENTHALPY HV:
1. IOEAL SOLUTION OF PERFECT GASES,
2. RESIDUAL ENTHALPY FRG# VIRIAL CQUATION OF STATE.
2, RESIDUAL ENTHALPY FRC{A REDLICH=-KWONG EQUATION.

MODELS FOR LIuUID FNTHALPY HL:
1o IDEAL SOLUTIUN OF SATURATED tIwUIDS,
24 IDEAL - SOLUTION WITH PRESSURE CORRECTION.
3. EXCESS ENTHALPY FR0M WILSOMN LQUATICH,.
4a RESIDUAL ENTHALPY FRUYM REOLICH-KWCRG EWUATION,

HODELS FOK VLE CALCULATIONS:

AND DATE

AND DATE

1« LIGULID: WILSON ACTIVITY/VAPOR: VIRIAL EQN OF STATE.
24 PRAUSNITZ=CHUEH VERSION OF REDLICH~KWONG EQUATIOQH.

3. LIQUID: IDLAL SOLUTICN, ANTOINE CQUATION 7
VAPOR: DALTON'S LAW,

SELECT MODELS FOR HV,HL,VLE ( CLANK THEN RETURN fOR
"SELECT COKMPONENTS (U FIR HELP):

11 1:

CASE 8 - Computer Qutput of the Flowsheet (e) of Figure 4.2

(Solvent flow rate is increased)
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SELECTED COMPONENTS:
HYDRCGEN CHLORLDE

1.
2u
3.

dENZ

VAPOR ENTHALFY:
LIQUIO ENTHALPY:

K=VALUES :

PROCEDURE
1.K VALUE
2,ENTHAL
3,PHASE
4.FLASH
S,ABSEDH
6 ACCASE

ENE

S:

PY

CHLOROBENZELNE

IDEAL SCLUTION

LAW.

7u SHTCUT

2. COLUNN

S.CERDA
10.COLCSTY
21.HEX
224 EXT

SELECT PROCEDURE:

GF PERFECT GASES.

11.RETREV
12.5YSTEN
13.DEFINE
14.5TORE

15.ACTFIT

ABSEDHM = GAS ABSORPTIGHN (LOKISTER XETHTOC)

ENTER INPUT PARAMETERS (TT,T8B,P,LT,VB,N,XT,Y8

+3

+

ABSEDH RESULTS

TT = 326,370 LT = 110.68
T8"= 401.330 v = 1070y
P = 2,170
N= 3
I COISPCNENT XT(I)
4« HYDRCGEN CHLORI  ,0C0G
2. BENZENE .0Cn7
3., CHLOROBENZENE . 9593
REPEAT? (Y OR N):
PROCEDURES:
1.KVALUE 7. SHTCUT
Z,ENTHALPY 8o COLUMN
3,PHASE 9. CERDA
4.F LASH 10.COLCST
5.,ABSEOM 21 HEX
6.8 CCASE 224EXT

SELECT PRCCEDURE:

vT
LB

nu

xad1)
20012
« 1995
a7993

11.RETREY
2e5YSTCH
153.DEFLUE
14.5TORE
154ACTFIT

10.216
200, 46

YT (1)
29562
0072
20366

PCCABE = MCCABE-THIELEL SINARY DISTILLATION'

IDEAL SOLUTION OF SATURATED LIQUIDS,
RAQULT'S

17 «HELP
18.STOP
19.TINE AND DATE

PR
YBCI) XITCD)
0600 99961
L4000 .03091
L5000 L0U33S8

17 LHELP

18.5TOP

19.TIME AND DATE

ENTER INPUT PARAMETERS (RATIO,ALPHA,Q, ETA »XF,XDsFsD 5 )

t3

MCCABE INPUT PARAMETERS

RATIO
ALP HA

Q
CETA

Hononon

3.878
1.63¢
1.000

XF
X0
F
D

Hounon

19%8
9975
20, 22
454056

227

XIB(D)
«02316
a99822
«99999
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YY) SU

|

MCCABE RESULTS

XW = 0003 LB = 297,33

W= 160416 VE = 130,17

L= 90,112 * N1 = 9

V= 130417 NE = 13
REPEAT? (Y OR N):
PROC EDURES:
1,KVALUE 74 SHTCUT - 11.RETREV 17 JHELP
2,ENTHALPY 84 COLUNN 12.SYSTEY 18.5TOP
3.PHASE Ge CERDA 13.DEFINE 19.TIME AND DATE
4 oF LASH 1G. COLCST 14.STORL :
SAABSEDN 21LHEX 15.ACTFIT
6«4 CCABE 224 EXT

SELECT PRCCEDURE:
SYSTEY = DEFINE COMFONENTS IN SYSTEs

MODELS FOR VAPOR ENTHALPY HV:
1. IDEAL SOLUTION OF PERFECT GASES.
24 RESIDUAL ENTHALPY FRCM VIRIAL CGUATION OF STATE.
3« RESIDUAL ENTHALPY FROM REDLICH~KWCNG CUUATICN.

MODELS FOR LIGUID ENTHALPY HL:
1. IDEAL SOLUTION OF SATURATED LIGUIDS,
2 *IDEAL SOLUTION WITH PRESSURE CORRECTION,
3. EXCESS ENTHALPY FROM WILSON EQUATICN.
4o RESIDUAL ENTHALPY FRONM REDLICH=KWONG EGUATION.

MODELS FOR VLE CALCULATIONS: .
1. LIQUID: WILSON ACTIVITY;VAFPOR: VIRLAL EQN OF STATE.
2« PRAUSNITZ=CHUFH VERSION OF REDLICH=KWOHG EGUATION,
3¢ LIQUID: IDEAL SOLUTICN, ANTCINE LQUATION »
VAPOR: DALTON'S LAW,
SELECT HODELS FOR HV,HL,VLE ( ELANK THEN RETURN FOR 1 1 1):
SELECT COMPONENTS (U FOR HELP):

SELECTED COMPONENTS:
1a CHLOROBEN ZENE
2« MATER

VAPOR ENTHALPY: IDEAL SOLUTION OF PERFECT GASES,
LIQJID ENTHALPY: IDEAL SCLUTION CF SATURATED LIQUIDS.
K=VALUES: RAQULT'S LAWa

PROCEDURES:

1.KVALUE 74 SHTCUT 11.RETREV 17 JHELP
2<ENTHALPY 8. COLU'N 12.5YSTEX 18.5T0P
3 PHASE 5u CERD A 13.DEFINE 19.TIME AND DATE
4aFLASH 104 COLCST 14 <STORC
52ABSEDM 21.HEX 15.ACTFLT

224 EXT

6aM CCABE

SELECT PRCCEDURE:
HEAT EXCHAMNGER CALCULATION

ENTER INPUT PARAMETERS

+(TH1 ,TH2 ,TCT1,TC2 /40, HDO0,HD I, HIAD IS 00
SLeNTP,PT,B,Y,DE,4COMNP,KH,KC/VISH,VISC
TETA,FLAG,EPS,SUCH,SWCHT,SWCH2,CPL)



HEAT EXCHANGER RESULTS

.

DIS=

CuTO=

SQ8,14480 J/(S*tixx2 %K)
3148165H &% 2
533.G271 4
110.0
307, 26 84 i
5933,3736 J/(Sxpwx2xK)
90848053 J/ (S*¥wx2xK)
3104 7928 KELVIN
«96610

56,2678 KELVIN

REPEAT? ( Y OR N ):
? SYSTEHM IS UNDEFINED

PROCEDURES:

1K VALUE 74 SHTCUT 11.RETREV -
2.ENTHALFY 24 COLUAN 12.5YSTEH
3.P HASE 9. CERDA 13.0EFINE
4 4F LASH 1C. COLCST 14.STORE
5.ABSEOM 214 HEX 1SLACTFIT
EJMCCABE 224 EXT

SELECT PRCCEDURE:

PRCGRAY IS STOPPED

17 HELP
18.57T0°P
19«TINE AND DATE
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11

PUBDAT

N

HYDROGEN CHLORIDE
BENZENE

CHLOR OBENZENE
WATER

12
113
001002003

TT 326u437,108=401,33,P=2,17,LT=110,08,Vv8=100.0,H=3,
XT=0a +0.00C6683,0496,Y8=0.10,0.4C,0.5C;

N -

6
RATIO=1.3,ALPHA=3,878,2=1,ETA=1,XF=0,1998,X0=0,9975,
F=2004218,0=40.05¢;

N

12

113

003034

21 :

TH1=425.9,TH2=321.58,TC12262.6,7C2=305,2,N=1,H0=157C,HDO=5000,

H0I=1666,H1=6550,01=16€.5,D00=19,S5L=4.88,NTP=2,PT=23.5,
B8=305,Y=4,76,0E=14,%C0nP=5,705,15. 14SIKH--13031KC-.6161

VISH-.3 sV1ISC=.85,TETA=D. + (s

FLAG=1,EPS=4U1,SWCH=0,SUCHT= G,SNCHz-U;CPL—178.8:75.5:

N ~

18 ) '

20427 434, UCLP, BU, FL4 ’ 0.311KLNS.

INPUT Data File of CASE 8.
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DESPAC S.& (E=APR=$1)

FROCEDURES:

1.KVALUE 7. SHTCUT 11 RETREV 17 «HELFP
2.ENTHALFY €. COLUNN 1CaSYSTEN 18.STOP

3.PHASZ Se CERDA 12.DEFINE 19.TIME AMNO DATE
4.FLASH 1C. COLCSY 144STORE

SsAESEDN 21aFEX 154ACTFIT

6aH CCABE 22.EXT

SELECT PRCCEDURE:
RETREV = RETRIEVE FHYSICAL CCNSTANTS FROM DISK FILES
ENTER MAME OF FILE (RETURN FCR FUBLIC DATA):
+CATA WILL dE RETRIEVED FRCH FILE PUBEODAT
RETRIEVE ALL CCHFOMDENTS FFOM FILE? (Y CR H):

NAME CCMFCNEAT TO EE RCTRIEVED (RETURN TC END) :
+COMPCNENT 1 IS HYLROGEN CHLORICE

NAME CCMFCNEAT TC EE RETRIEVED (RETURN TC END):
+COFPCRENT 2 IS EENZENE

NANE CCHPCNENT TC EE RETRIEVED (RETURN TC END):
+CONPCHENT 3 IS CHLOROBENZENE

NAME® COMFCHENT TC EC RETRIEVED (RETURN TC END):
+COMPCNENT 4 IS WATLER

NAME CCHMFCNENT TQ EE RETRIEVED (RETURN TG END):
LIBRARY IS REOEFINED, SYSTEM IS UNDEFINED,

FRCCEODURES:

TAKVALUE 74 SHTCUT 11.RETREV 17 HELP
2«ENTHALFY 84 (OLUSN 12.SYSTEN 18.5T0P

3.P HASE Sa CERDA 13.DEFINE 19.TIKE AND DATE
4 ,FLASH 1C. COLCST 14.STGRE

S.AESEDN 214 BEX 15.ACTFLT

6.MCCABE 224 EXT

SELECT PRCCEDURE:

SYSTEN -~

CEFINE COFPCRINTS IN SYSTEM

MODELS FCF VAPCR ENTHALPY HV:
1« IDEAL SCLUTIOMN CF PERFECT GASES.
2o RESICUAL ENTHALPY FRCM VIRIAL EQUATION OF STATE.
3. RESICUAL ENTHALPY FRCH RECLICH~KWCNG EQUATICN,

MOCELS FOR LIQUID ENTHALFY HL:
1« IDEAL SCLUTIOM CF SATURATED LIGQUIDS.
Ze IDEAL SCLUTIOMN WITH FRESSURC CORRECTICH.
3a EXCESS ENTHALFY FRON WILSCN EUUATION.
4y RESICUAL ENTHALFY FRCM RECLICH=KWCNG EQUATICN.

MCDELS FCR VLE CALCULATICAS: .
1. LIGUID: WILSOM ACTIVITY,VAPCR: VIRIAL EGN OF STATE,
2. PRAUSNITZ=CHUEH VERSION OF REDLICH=XKWCNG EQLATICN.

3. LIQUID:
CALTON'S LAW,.

VAPCR :

IDEAL SOLUTICH, ANTCINE EQUATION

SELECT HCCELS FOR EV,HL,VLE ( ELANK THEN RETURN FOR 1 1 1):
SELECT CCPFPOPENTS (U FOR hELP):

Computer Output of the Flowsheet (a) of Figure 4.2.



SELECTED COMFOMENTS:

1a HYDRCGEN CHLOFRIDE

2« BEHZEME

3. CHLCRCBENZEMNE

VAPOR ENTEALFY:
LIGUID ENTHALPY:

IDEAL SOLUTION OF PERFECT GASES.

ICEAL SOLUTION

CF SATURATED LIQUIDS.

232

K=VALUES: RACULT®S LAW,

FRCCEDURES: .

1.KVALUE « SHTCUT 11.RETREV 17 HELP
2.ENTHALFY §,COLUNN 12.SYSTE¥ 1845T0P

3P HASE G, CERDA T.DEFINE 16, TIAE AND DATE
4uFLASH 1L, COLCST 14 4STORE :
5.AESEDH 21a KEX 15.ACTFLIT

¢MCCABE - 22aEXT

SELECT PRCCECURE:
CFLASH CALCULATIONS
SELECT TYFE CF FLASH:
+1,FQ 2.TQ 2,6V 4,TV 5.PV €4TP 7,.ENTHALFY b4DOKE :

ENTER INFLT FARAMETERS
+(T,P,Z,(CLESS,XsYrN) 7 )

+t: RN

FLASH RESLLTS

HF = 4 ,2918L+04 T = 405,200
HL = 3,7¢98L+(4 P = 2.38C
HV = 44 EC1€E+04 Vo= 4563
1 COMPCHMENT X(1) Y1) 2(1) XI1CI) X(1)
1. HYDROGEN ChHLCRI  LCC15 L1995  .1C0C «59C4 104.2
2. BENZEME 3006 .5C09  W4COC . 6215 1a€6¢
3, CHLORCEEMNZENE «6515 «SCOC 22974 «4295

«259¢

REPEAT? (Y OF N):
+1.PQ 2.TGC 2,6V 4,TVv 5PV €aTP 7.ENTHALFY B8.DONE :
ENTER INFUT FARAFETERS .
+{T/PLL/HEL(GLESS,X WY V) 7 )

+ =

FLASH RESLLTS

HF = 4,2518E+04 T = 405.2Cu
HL = 3,765EE+C4 P = 24380
HY = 4 4.E21€E404 Vo= L4563
G = 9,€515E=02

.1 COMPCMENT X(1) Y1) (1) X1¢I) K1)
1. HYDRCCEN CHLCRI  LGC19 1995 L1000 « 9904 104, 2
2. BENZEMNE «30C6 45009  ,4CO0 . €215 Ty
2, CHLORCBEMNZENE 6675  .299¢  «5C00 «2974 «4295

-REPEAT? (Y OR N):

+1.0Pd 24TG 3,0V 4,Tv S.PV €aTP T.ENTHALFY B8.DONE :
EMTER INFLT FARAMETLRS

+ (TP ,2,(CLESS, X, Y0 V) 7 )



FLASH RESLLTS

HFE = 3,70255+04 T = 394.1C0
HL = 4,C0GIE+C4 P = 2.3
HY = 3.S794E+04 v = 70675
I COMPONENT X (I Y (1) (1)
14 HYDRCCEN CHLCRI  .OC21  ,2£U7 41995
2w EENZERE «4159 15361 .5RCS
3. CHLORCEENZENE L5810 L1832 42596

FEFEAT? (Y OF N):
+1.FQ 2.TS 2,0V 4,.Tv S PV £,TP
ENTER INFLT FARAMETERS
+(Ts/P,ZIHFL,(GLESS/XsYLV) 7 )

t2

FLASH RESLLTS

HE = 3.,7025€+C4 T = 39
HL = 4.0317e+04 P =

HV = 3,5867E+04 v =

L@ = 4 ,7¢3EE+0

1 COMPCMENT x¢I)
1« HYDRCCGEN CHLCRI L0021
24 EENZEMNE W41€¢3
2, CHLCRCBENZENE 58CE

REPEAT? (Y OR N):
+1.PQ 2,TC 3.0V 4TV 5.PV €TP

FRCCEDURES:

1.KVALUE 7. SHTICUT
2<ENTHALFY €. COLUMN
3.PHASE SuCERDA
4 FLASH 1€.CCLCST
5.ABSEDM 21 hEX
6« CCABE 22.EXT

SELECT PRCCECURE:
FRCGRAF IS STOFPED

XICI)
« 5955
- 7571
«4326

7.ENTHALFY 8.DCONE -

413U
2.38U
« 70654

Y(I) (1)
«28U3 21698
«5266 «5016
«1831 w2686

XIC(1
9955
e 75E9
«435C

TLENTHALFY 840ONE .

11.RETREV
124SYSTEX
134DEFINE
14.STCRE

154ACTFIT

17 LHELP
18.570°P
19.TIME AND

k(1)
51a42
1.289
«3152

K(I)
91442
1.285
31532

DATE

233
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NS

w 11 |
- PUBDAT ﬂ
N i
- HYDROGEN CHLGRIDE
BENZENE |
CHLCRCBENZENE |
o WATER ;
12
- 113
0C10020C3
4
- 7 :
T=405.2,P=2438,2=10,47,3507
N
- 6
T=40542,P=2c438,2=10,40,3530C,FF=42G14;
N
- 7
T2364 o 1,P=2.38,25,502,24.862,14.5875
N. .
- 6 .
T2264 4, 1,P=2,36,2254502,244862,1403,HF 370255
N .
- 8
1 ,
18.43.15.UCLP, EUs FUS p C.241KLNSa
v,
INPUT Data File for Flowsheet (a) of Figure 4.2.
\- -



APPENDIX I
THE INPUT DATA REQUIRED FOR THE PROCESS
FLOWSHEET DEVELOPMENT EXAMPLE
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APPENDIX 1

The Input Data Required for the Process

Flowsheet Development Example

The input data required for the process f]dwshéét develop-

ment example is obtained from FLOWTRAN [15].

ABSORBER UNIT:

The temperature at the top of the absorber = 1é8°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 kmol/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
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Column pressure = 25 psia (1.7 bar)
Number of theoretical stages = 20

Quality of feed =1 (Eaturated Tiquid)

HEAT EXCHANGER:

307.36°F (425.9°K)

Hot stream inlet temperature

it

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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