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PREFACE

A critical evaluation of a rigorous relaxation procedure for de-
termining the tray compositions for complex fractionators was made. In
order to conduct this study, a program handling columns which have from
one to three feeds, up to four side cuts, and a maximum of six inter-
coolers was written. Using this program, a number of solutions to
published problems were obtained to verify the reliability of the pro-
cedure. An improved convergence technique was developed to decrease the
convergence time and to improve the reliability of the program. Two
different types of initial starting profiles were studied to determine
if the reliability and convergence time are affected by the starting
conditions. The effect of the ratio of time interval to tray holdup on
the speed of convergence was also studied.

I wish to express my sincere thanks for the advice and guidance
given by Professor J. H. Erbar and Professor R. N. Maddox, and to thank
the Dow Chemical Company for their fellowship grant which made this work
possibles I am also grateful to Continental Oil Company and W, L Banks
of Honeywell Inc. for the use of their computing facilities, as well as

the Oklahoma State University Computing Center.
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CHAPTER I

INTRODUCTION

Rigorous procedures for calculating tray and product compositions
for multi~-component distillation columns are time consuming and usually
require the use of a digital computer in order to obtain a solution. A
number of rigorous approaches to multi~component distillation problems
work very well until the column configuration becomes complex, or the
compositions of one or more components approach zero. At this point,
the calculations become very sensitive to small changes in composition,
and these calculations may break down.

A different approach to multi-component distillation was first pre-
sented by Rose (24). This procedure is an attempt to determine steady
state conditions existing in a distillation column through an unsteady
state approach. In this method, a system of simultaneous material balance
equations for each component on each tray are solved starting with an
assumed initial tray composition. The calculations are repeated until
the differences in tray compositions, and temperature and vapor profiles
from pass to pass are insignificant. No assumptions of key component
splits or individual product rates need be made. The composition of any
component can approach zero at any point in the column without signifi=-
cantly affecting the stability of the procedure.

The object of this study was to examine the reliability of Rose's

procedure and to develop an improved convergence procedure. The purpose



of the convergence procedure is twoéfold. The first objective was to
decrease the total number of iterations required to reach steady state
and the second to increase the reliability of the procedures In order
to evaluate the proceduré ahd the new convergencé procedure, a program
based on Ball's (3) modification of Rose's(ﬁﬁSteady state approach was
written for use on the IBM 7090. This pfogrﬁm ﬁaéltestéd for Sevéral
different types of columns including multi-feed and multi-product con=-
figurations. Comparisons wefe_made to determine ﬁhe effect that the
starting conditions and the ratio of the time interval to the tray held-

up had on convergence time.



CHAPTER II

LITERATURE SURVEY

Three basic assumptions are made in most distillation calculations,
They are: (1) each tray acts as an equilibrium stage, (2) there are no
heat losses in the column, and (3) the reboiler and partial condenser
each act as a theoretical stage. These assumptions will be employed
throughout this thesis.

Also, throughout this paper reference is made to rigorous distil=-
lation procedures. Rigorous procedures are defined to be those methods
which make the assumption of equilibrium stages, steady state operation,
and no heat losses in the column. Any procedure assuming constant
relative volatility or constant overflow is not considered to be
rigorous.

The simplest methods for estimating tray compositions for distil-
lation columns were developed by McCabe and Thiele (23) and Ponchon and
Savarit (22). Their methods are based on graphical techniques. Unfortu=
nately, these methods are usually limited to binary mixtures, and more
tedious methods must be used for multi=-component systems.

The McCabe-Thiele method is a graphical solution of simultaneous
mass and equilibrium balances assuming constant molal overflow. A typical
McCabe=Thiele diagram is shown in Figure 1. In this procedure, the oper=
ating line for the rectifying section of the column begins with the

distillate composition and extends through the feed line. The equation



of this line is

Ypop = (LW x + (D/V)x, (1)

The operating line for the stripping section of the column is extended
from the intersection of the rectifying operating line with the feed
line to the bottom composition. The equation of this operating line is

y = (L/V)an_l - (B/V)xb (2)

n
The slope of the feed line is based on the fraction of feed vaporized
and is

L]
slope = T§?7 3)

This procedure may be extended to complex column solutions by the use of
pseudo products. Figure 2 is an illustration of a solution to a two-
feed=three=-product column.

The Ponchon=Savarit method uses an enthalpy composition plot which
eliminates the assumption of constant molal overflow. This method is a
graphical solution of simultaneous enthalpy and material balances. A
typical plot of a Ponchon=Savarit solution for a simple column is pre=-
sented in Figure 3, The location of the difference points AD and AB are

given as followss

QC

AD=Hd+'l:)— (4)
- Q

;:;B-H.D-E£ (5)

The tie lines on the Ponchon-Savarit diagram connect the equilibrium
compositions of the vapor and liquid lines, and the stage lines extend
from the difference points to the opposite enthalpy-composition line.

A number of short-cut techniques have been proposed for estimating

the product compositions and/or the number of trays that are required
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to obtain a desired product composition. Although these short=-cut
techniques are not rigorous, they are advantageous in that they do not
require the large amount of time that is necessary to obtain a rigorous
solution.

Fenske (11) derived the following equation for a simple fractionator
operating at total reflux.

s‘l'l'l

™ = @by (/) (6)

The relative volatility, 44, is usually evaluated at some average columm
temperature and assumed to be constant, This equation can be used to
predict the minimum number of theoretical stages required to make a
specified separation of light and heavy key components. This procedure
can also be used to predict the product compositions when the minimum
number of stages is known.

Winn (30) proposed that a log=log plot of equilibrium K values of
the light key component versus the heavy key component at constant
pressure results in a straight line which can be represented by the

following equation.

K = Q&7 7)
where @ is the intercept of the line and ¥ is the slope of the line.
Using the above relationship he derived the following equation for
simple columns which eliminates the assumption of constant relative
volatility,

S
GM o (xylxg )y (/%) ®)

and
S

G e = @by, G/ @/ 9)



In a study of short-cut procedures for complex columns Joyner,
J. H., Erbar, and Maddox (18) pointed out that short cut procedures can
be used to save computer time and expense by providing the estimates of
column parameters needed for starting a rigorous calculation. They also
extended the above equation to handle complex fractionators operating

at total reflux.

5
P = @oy G/ @mtt7 (10)
*n (2 -7
II l-
@ = @)y (/e (B/P) (11)

These equations ¢an also be used to predict the minimum number of stages
for a desired key split and to estimate the product compositions at
total reflux.

Maddox and Takaoka (26) extended the Beta Method, originally de-
veloped by Underwood (28) and Gilliland (12) who worked simultaneously
but independently, for determining the number of theoretical trays re=-
quired to give the desired key component split and the product distri-
butions at a specified reflux rate. This method is summarized in the

following equations,

5 N
deK/xdm( i (’V@)“'xnm/x“mc ad
M
x“’m/x“'m: > S xbLK/buK s

where equations (12) and (13) are for the rectifying and stripping
sections respectively.
The terms & and & are defined as follows.

S = Kpp/Kpy (14)



10

1 + D/Ln (xd/xn)LK

A = - (15)
(5 1+ D/L (xy/% )¢
Gilliland (13) proposed that
. 4, + ©/D),
@3, = 3 (16)

This method assumes constant molal overflow and that the fegd_is‘located

where the ratio of the light and heavy key is the same as the feéd.
Underwood (28) developed a method for determining the minimum

reflux rate of a simple coiumn assuming constant molal overflow and

constant relative volatility. He defined the function ¢j such that

v = — 1
RP =1 % - 9
ncp <5.b,
A as)
n=1 i J

For these equations, there are n-1 values of ¢j° These values of
¢j are bounded by and fall between the values of < for adjacent com-
ponents. Each of these n=1 values of ﬂj can be calculated from the

fellowing equation
33y

e - 5 - ¢j (19)

by solving n-1 equations, one for each value of ¢j°

Since the product splits for the key components are specified,
there are n-2 compositions and VRP or n-l Qariables to determine using
equation (17). With these values, the bottoms composition and reflux
rate can be determined by material balance equations. However, for
non-distributed systems, which can occur when the column is operating

at or below minimum reflux, results may be obtained whereby a product

component rate is greater than that of the feed, or negative,
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This situation may occur when

(L/KV)RP = 1.0 (20)

for the rectifying section or

(KWL)SP = 1.0 (21)

for the stripping section. The Underwood equations can be used for
estimating the minimum reflux rate (7).

An important procedure for estimating the number of ideal stages
required for a given reflux rate was developed by Erbar and Maddox (8).
This procedure is a correlation based on the Winn minimum number of
stages and Underwood minimum reflux method and is presented in the form
of a plot with the minimum and operating reflux rate and the minimum
number of stages and operating number of stages. Figure 4 is a repre-
sentation of this plot,

lewis and Matheson (19) developed one of the first rigorous pro-
cedures for multiecomponent distillation calculations. This method is
based on a series of simultaneous heat and mass balances beginning with
assumed light and heavy key product rates and working toward the feed
tray to determine the number of stages required. The following equations
are typical equations used in the lewis and Matheson technique for the

nEE tray in the rectifying section of the column.

vn-l,i 1n,i + di (22)
Vn-l = I..n + D (23)
Vn-lﬂv = Qc 4 HdD * HLLn (24)

To begin calculations, individual distillate compositions are
assumed. The corresponding tray temperatures and liquid and vapor rates

are found by trial and error calculations around each tray. These
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calculations are continued until the feed plate is reached. (Ehe recom-
mendéd feed plate location is the point where the ratio of the light key
to the heavy key rates in the liquid leaving the tray is the same as the S
ratio of key component rates in the feedfi However, the feed plate may |
bé‘located anywhere. The calculations aré repeated starting with the
bottoms and working up to the feed plate. The compositions at the feed
plate are then compared. If they are not the same, the terminal compo-
sitions are adjusted, and the procedure is repeated.

Bonner (4) modified the lewis and Matheson method. His modification
differs from the lewis and Matheson method in that the temperaturé,
liquid, and vapor profiles are assumed. The basic difference is that
Bonner predicts tgrminal compositions rather than specifying a split.
The calculations are similar to those for the lewis and Matleson method,
and the feed plate mafch is forced in the same manner as in the Lewis
and Matheson method.

Thiele and Geddes (27) developed a rigorous tray=by-tray procedure

th

based on material balance relationships around the terminals and the n=

tray in the column. The equations for a simple column as presented by

Holland (17) are v ./
dfp = 2L 25)
: n+i’d
Rectifying sectiong
1n+1/d = ln/d (An+1) (26)
Stripping section:
1 /b = s (1 /o) : (27)

Ah-and Sm are the absorption and stripping factors respectively and are

defined as follows:
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A = (L/RV)_ (28)
S, = (KV/L)m (29)

The calculational procedure begins by predicting terminal compo-
sitions from an assumed temperature, and L/V profile. The temperature
and L/V profiles are corrected by a calculation similar to the lewis
and Matheson. When the feed plate is reached, the terminal compositions
are adjusted, and the calculations are repeated. This procedure is
continued until there are no changes in distillate composition.

Lyster (20) proposed a convergence technique which makes the Thiele
and Geddes method useful for machine solution. This procedure is based
on equations (25) through (29) and the following definitions.

fi
g = m (30)
By employing a multiplier 8, equation (30) can be written as follows

(d,) i

= (31)
160 14 800/4,),,

where 8 is used to force the column into material balance. The same
value of @ is used for all components. Its numerical value can be found

by using Newton's method as shown below.

6 = &, - g6,)/g' @) (32)
where
ne £
By = T 2 -D (33)
f=p 1% 9(b;/d,

nep fi(bi/di) _
g'®) = dg@®)/dd = - > : - (34)
im1 {1+6(bi/di)]

Edmister (5) proposed a rigorous procedure for determining product
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and tray compositions using absorption and stripping factors as defined
in equations (28) and (29). By comparing these equations for each stage
in the column, equations can be obtained for the component liquid and
vapor rates on a tray in the column, The following equations show this
relationship.

ln L d(AOAIAZAy"An A1A2A3000An + AzaaoaoAn + see *+ An) (35)

Vm - d(slszssocosm + stauasm + %g.tdsm + o0 * Sm) - Vo(szssoousm

+ 83..'Sﬂl + ...sm) (36)

Extending this procedure, Edmister defined ﬂA in terms of the
absorption factors and ﬁs in terms of the stripping factors. The e=
quations are:

1

g, = (37)
A A1A2A3...An + A2A3...Ah + A3"'Ah + eee *+ Ih +1
ps = ; S.S S +5S.5 S 1_§ S + +S +1 (38)
1 2 3... 'm 2 3... m 3... m LR ] o

The term EA can be shown to be the fraction of any rich-gas com=-
ponent not recovered in the absorber, and Gs is the fraction of any rich
oil component not recovered in the stripper.

By rearranging equations (35), (36), (37), and (38), Edmister

obtained the following equations for determining product and tray

compositions.
Voar/d = A Dp+1/0,0)A, - (39)
La1/b = SBax/Psy + /0y (40)
vg/d
b/d = Af (T;7;) (41)

The second subscripts E and X designate enriching and exhausting sections

respectively,
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Greenstadt et al (15) developed a rigorous distillation program
using Newton'’s method to solve the corresponding simultaneous heat and
material balance equations for each plate. This calculational procedure
is carried out using material balance equations starting with the bottom
of the column and working up to the tray above the feed plate and from
the top of the column down to the feed plate. The total liquid and
vapor rates are calculated by enthalpy balances. Newton's method is
used to find a correct set of product component rates that satisfies
both the material balance equations and the specified total product rates,
However, this procedure has failed in a wide variety of cases (10). The
usual reason for failure has been the instability of the differential
equations required for use in Newton's method.

All of the tray~by-tray procedures mentioned above use the feed
plate mismatch to adjust the product compositions between passes and to
eventually converge to a solution. Theoretically, all components must
appear in all products, except at minimum reflux, However, the range of
ailowable number size in a computer and the number of significant digits
are limited, and a composition may approach zero within an operating
column, Thus, a program that uses an adjusting procedure which requires
all components to appear in all products may fail. A procedure which
will automatically introduce a small amount of a component on a tray
and will allow any component to approach zero at any point in the columm
should be more reliable.

Amundson and Pontinen (1, 2) proposed a method whereby the system
of simuitaneous mass balance equations are solved by the use of matrices,.
The distillate rate, reflux rate, and number of trays in each section of

the column are fixed. The temperature and vapor profiles and product
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compositions are assumed. These assumptions are then readjusted from
pass to pass until a converged solution is obtained.

Rose and co-workers (24, 25) studied the transient conditions of
a column from start-up to steady state. In his study, Rose used the
following equation which describes the change in composition of a given
component on a given tray with respect to time,

dx
] B o - -
H de Lh+1xn+1 * Vn-ixn--l thn vnyn (42)

This equation is modified slightly for handling either a feed tray, side
draw tray, condenser, or reboiler. A problem arises in solving this e=-
quation to arrive at the steady state conditions. The system of equations
is a complex set of non=linear differential equations. Solution of these
equations by hand is virtually impossible.

An important factor in this procedure is the time required for all
of the column compositions to reach their steady state values. Since
the steady state condition is approached asymptotically, the final steady
state solution is usually never obtained. In order to avoid this problem,
Rose uses a "pseudo" equilibrium time which is defined as the time re=-
quired for the plate compositions to come within 40,001 of their final
values, The procedure for determining the steady state compositions be=
gins by assuming initial tray compositions., From this assumed composition
profile, a new composition profile is determined at some later time,

Rose studied the effect of the initial composition on the time re=-
quired to reach steady state. He compared these effects by running two
problemss one starting with feed composition on all trays; the other was
taken from a problem that was allowed to reach steady state, the column

operating conditions were changed slightly, The number of passes
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required to converge for the new problem was used for comparisoh. He
found that the effect of the initial composition profile is small. Rose
also found that feed composition, reflux ratio, and the number of plates
have an effect on the convergence time,

In this procedure, no simplifying assumptions or approximations are
needed, thus enabling the procedure to arrive at a solution regardless
of the complexity of the problem. Although this procedure is reliable,
certain precautions must be taken. The time interval must be small
enough, in comparison with the tray holdup, that the composition profile
does not become so distprted that the solution becomes unstable. Rose
found that the vapor and liquid flow rates should be between one=fifth
and one~tenth of the tray holdup in order to avoid instability of the
calculations. An over-all material balance is needed after each pass
in order to eliminate errors resulting from the assumptions of tray
temperatures and vapor and liquid rates. These assumptions are corrected
by subsequent calculations,

Ball (3) modifled the transient approach presented by Rose et al
(24, 25). His major contribution was the modification of equation (42).

l - + n0(d de 43
:"{:r'noilm_.{,!‘9 xn,i 0 ( xn,i/ ) 0 (43)

In this study, Ball found that Rose's procedure was very reliable for
complicated problems. However, the size of A® required for solution

was so small that a large amount of machine time was required to reach

a solution., In order to eliminate this problem, Ball used the mean value
theorem of differential calculus (17) to write the following equivalent

form of equation (43).

X . %

. + AQ |3 (dx_ ,/de) + (1=-@')(dx_ . /de) ] (44)
n,i 0+0 n,i 0 [' n,i 0+A9 ¢ n,i |9
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where 0 < (' = 1.0. Ball reports that if a value of 3'>0.5 is used,
the above equation remains stable for all values of A8,

The use of the mean value theorem has an advantage in that it
enables one to evaluate the slope of the change in composition with re=-
spect to time at a point where the slope is between times © and ©+40,

A graphical interpretation of this theorem is shown in Figure 5.

By comparing equations (42) and (44) and assuming that

Kn,ilg+A9 y Kn,i 0
vn-II9+A0 h vn-llg
Lnﬂ |0+A0 " I"n-!-1| 0

the following working equation can be written

aq % - bﬂ + C - d’? (45)
Byt aslil ek 1 i'oue 0+10 s
where

al . = =(N/H)IV_

n,i lnlil

by | = (55""‘”“"":1":.]9 + (RUAS/HL_ Io + 1.0

Ca,a T -(pue/al, +1' Gk

dﬁ i xn,i]

+ (1=00)40 H, )l

L]
0 H

These assumptions imply that the temperature and vapor profiles do not
change significantly from pass to pass. This modification gives a more
complex procedure than Rose’s original procedure, but by increasing the
size of MA@, the total number of iterations and machine time may be

significantly reduced.
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By writing equation (45) for all trays in the column and the 1EE

component, a tri~diagonal matrix is obtained. This matrix can be solved
for the tray composition of the iEE‘component. Tray numbers start with
the bottom tray equal to one, the reboiler being tray zero, and the
condenser tray n+l. The equations are solved using a method reported
by Grabbe (l14), The details of the solution are:
The reboiler:
ho = c;/b; (47)

& = ases (48)

Each tray and condenser:

= s "
tk c i'(/ bl'( al'(hK- ) (49)
SK = dé - ﬂi&i_lfbk - ai hK-l (50)

where K = 1, 2, see, n+l.

The composition of i is then found for the condenser by

41 T 8pat (51)

and for each tray and reboiler
Xg = 8 " hXga 3%

where K = n, n=l, n=2, .se, 0Os
These calculations are repeated for all components and for each iteration
until

= £ (53)

all n and i—_

|x0 " Xo+a0
where € is some arbitrarily acceptable error. The column temperature
and vapor profiles are re-evaluated after each pass.

The procedures which are presented here are the ones that are most

pertinent to this thesis., There are many other procedures for calculating



distillation column performance., However, they are not important to

this work, and no attempt has been made to cover them.
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CHAPTER III
THE PROPOSED METHOD

Virtually all of the rigorous procedures for distillation calcu=-
lations are based on simultaneous heat and mass balances. These balances
are solved by starting either with the terminals and working toward the
feed plate, or by starting at the feed plate and working toward the
terminals. A difficulty in these procedures occurs with extremes in
composition. For instance, if the composition of a component is large
in the distillate and extremely small in the bottoms, the feed plate
composition may be very sensitive to small changes in the bottoms compo=
sition. This sensitivity can cause wide fluctuations in the adjusted
terminal streams compositions. As these fluctuations get larger the
calculations can become unstable.

The proposed method traces a column through start-up to steady state
conditions using a relaxation technique. The procedure is started with
an assumed tray composition, temperature and vapor profiles. Key split
specifications are not allowed in this procedure.

A typical transient state component balance equation around any tray
(n) can be written as follows:

dx i
Hl-—nf_ L

30 " narYas,1 P learaens W% © nd (42)

If a feed or side-draw plate is encountered, an additional term must be

added to the right~hand side of equation (42) in order to account for
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this condition. If the amount of liquid holdup on the plate, n, is
constant and the amount of wvapor holdup assumed negligible, this equation
describes the change in liquid composition on the ngﬁ tray with respect
to time,

Using equation (42), the following equation can be used to determine
the composition after a time interval of A@:

dx

X - x + A0 (—+h) 2 43)

n,i 0+A0 n,i e
This equation is valid for all components on all trays in the column.
After repeated passes, the tray compositions will approach steady state
values, thus making a close approximation of the steady state composition
possible,

Between each pass the liquid and vapor rates between each tray can
be calculated using the previously determined compositions and the corre-
sponding bubble point temperatures. These new temperatures and flow
rates will then be used in calculating the new component compositions for
the next time interval, A@.

Ball (3) found that this procedure worked very well for complicated
problems that could not be solved by the IBM program (15). However, in
order to maintain a steady solution, he found that the size of A® had to
be so small that the program required an extremely large amount of ma~-
chine time. In order to alleviate this problem, Ball developed the

following equivalent form of equation (43),

i ol - x ] +AG[§5‘(§§5’L + (1= gs')(d-’i“-r-*-)ll (46)
n,i 0+A0 ;G | 0 de 0+)0 de 0

where [5' can have any arbitrary value between zero and one. However, if

the size of_ﬁ' is greater than one-half, any reasonable value for A@ can
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be used, and the procedure will remain stable. If ﬁf is set equal to

one, the procedure will be simplified.

dx
i -
By using equation (42) to evaluate the term ( 30 )O+40 in e

quation (44) and making the assumptions that

K“'iloﬂe + K“’ilo
V“'1|9+49 % v“'e
1h+1|9+ﬂ9 Ln+1l9

equation (43) can be written as

+ L}
bn,ixn,il

L}
- cn,ixn+1,i‘ (45)

a&,ixn-l,i s d;,il

0+40 0+40 0+A0 <
The constants a', b', ¢', and d' are known quantities and are represented
by equations %6). An analysis of equation (44) shows that if (3' equals
one, the second term on the right-hand side of the equation can be elimi-
nated completely, thus simplifying the equation.

If equation (44) is written for the iEE component on all trays, a
tri-diagonal matrix is generated which can be solved using equations (47)
through (52). The dependence of the compositions of one tray on all
other trays can be seen by expanding the terms hn and & for a given
component.

Although the relaxation procedure is based entirely on material
balance relationships, the over-all material balance was being violated
during the first few iterations. To correct this problem, a forcing
procedure was developed to bring the column into external material
balance, The objectives of using this additional material balance are

two=fold, First, the column is kept in external material balance from

pass to pass. Secondly, the total number of iterations required to
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obtain a converged solution are decreased. The material balance method
used is a modification of Lyster's (20) technique. This procedure uses

the following external material balance equation:

£
i
d, = (54)
i 1 #py 3/dy # Py 4/Py g +eee + Py /Py 4 *03/P, 4

If the column is not in complete material balance, a forcing function,
én’ can be used to determine a corrected value for di as follows:

(55)
£y

L#08py /dy +8py i/py 4 *eee +8 yPpog 3/Pp g + 80/,

In order to simplify this procedure for multi-product columns and
to make the determination of én simple, temporary bottom products and
feed component rates are used. The calculations start with the distillate
and work down the column through the bottom side product. The product
in question is treated as the distillate and the temporary bottoms
product is used as the bottoms; thus the determination of Gn is the same
as for a two-product column., The temporary bottoms product rate for the
iEﬁ component is the sum of the iEE-component rates in all products be-
low the one in question. When a value of ﬁn is found for a product and
the component product rates are adjusted, the individual component rates
are subtracted from the feed component rates forming a temporary feed
rate, This temporary feed rate is then used in adjusting the component
rates in the next product., The temporary component feed and product rates
are presented as

By = B el Rpg e RS ) (56)
co co co 5

Py - ™ Pt t T Paag i Tiov P Py (57)
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where the subscript co stands for the corrected composition. By letting
the terms pl,i and PN,i stand for the distillate and bottoms component
rates respectively, a generalized equation can be written for any column
having any number of side streams. The bottoms rate is determined by a
simple material balance after determining all other product rates. The

following equation represents this generalized form,

£

(. .) 1

. (58)
SR L NGl )

The value of & can be determined by using Newton's method. The e~

quations are:

3 ol kit (59)

co co gi (5)
where
s nc fi
g(@) = - ~ P (60)
=1 1*0 (pilpn,i)ca

E%f fi(si/pn,i)ca
Asl [1 +8 (Ei,pn,i)ca]

g'@) = - . (61)

The term Pn stands for total product rate.

A close examination of this convergence procedure shows that two
very important facts must be kept in mind. The first fact is that all
computers have a definite range in number size. Since the procedure is

based on product ratios, numerical problems can be encountered if the

ratios exceed 1035 for the IBM 7090. However, these problems can be

35

eliminated by setting the ratio equal to 107" and p to zero. If an

n,i

arbitrary definition of a perfect split is encountered, the ratio,

ﬁi/pn i? will be either zero or greater than the numerical range of the
s

computer, thus causing more complications. However, the problem with
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perfect splits can be eliminated without producing a significant deviation
in the over=-all results by moving a small per cent of the bottoms product
into the distillate.

As presented earlier, the relaxation procedure begins with an assumed °
initial composition, temperature, and vapor profile. The most logical
initial vapor profile is constant molal overflow, However, a number of
initial composition and temperature profiles may be used. One of the
easiest profiles to determine and perhaps the most widely used is based
on the assumption that liquid composition leaving each tray is equal to
the combined feed composition. The temperature profile can be found by
calculating the bubble point for each tray. An alternate procedure is
to assume that the composition of the liquid leaving each tray is linear
between the terminal composition and the feed composition. A more
sophisticated approach to determining an initial composition profile
would be using one of the short-cut techniques outlined in Chapter II.
However, these short-cut procedures are so time consuming that their use
is not justifﬁed.

The final convergence of a problem is determined by three factors,
These three factors are the vapor, temperature, and composition profiles.
When the change of each of these factors, from pass to pass is within the
desired tolerances, the problem is considered to be converged. Although
steady state conditions can never be reached, the amount of fluctuation
in these profiles from pass to pass becomes very small after several

passes.



CHAPTER IV
RESULTS AND DISCUSSION OF RESULTS

A comparison of the results obtained by the relaxation program for
single and two-feed and two-and three-product systems was made with those
obtained using some other procedure (6, 9, 16, 21). A large number of
problems were solved in order to test each option of the program. These
include constant molal overflow, non-constant molal overflow, partial
condenser, total condenser, single feed, multi-feed, two-product, multi-
product, bubble point, dew point and flash feeds. Because of the large
number of combinations that can be formed using these different con=-
ditions, no attempt was made to test special combinations of these con=-
ditions. However, these special combinations should not present a
problem to the validity of the program.

A solution was obtained for all but one of the problems that were
tested. The total number of passes required to obtain a solution ranged
from 18 to 45. Also, the amount of IBM 7090 time required for execution
of the problems tested ranged from approximately 7 x 10-3 to 8.5 x 10“'2
seconds per pass per tray per component, depending on the complexity of
the column and the amount of output.

In order to test the basic operation of the program, two problems,
Problem I and II, were solved and compared to solutions of the same
problems that were found by Erbar (6). These problems were run at both

constant and non-constant molal overflow. The description and results
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are given in Tables I and II respectively. The differences between the
answers obtained by the relaxation method and those obtained by Erbar
may be explained by differences in the form of the equations of the
enthalpy and equilibrium data.

Problems III and IV were run to test the partial condenser option.
These problems were solved using the same feed conditions as those in
Tables I and II but with one tray removed from the rectifying section of
the column. The solutions should be approximately the same as those shown
in Tables I and II. Comparing the solutions for the partial and total
condenser will show that the program functions equally well with either
type of condenser.

Problem V is a solution to a column with a side cut (21). The
same enthalpy data equations were used in both solutions; however, the
form of the equilibrium data was changed. Extreme care was used in re-
fitting the equilibrium data to hold the deviation between the two so=-
lutions to a minimum., The results of this comparison (Table III) show
only slight differences in the results of the two solutions.

Problems VI and VII were solved to test the validity of the relax-
ation program for two-feed columns. These problems were taken from
Holland (16). Holland's enthalpy data were refitted to the proper e~
quation form. However, the equilibrium data equations used by Holland
were not in the proper form to be used in the relaxation program. Ad-
ditional checking of Holland's data showed that one of the equations
went through a minimum within the temperature range covered by the column.
Therefore, equilibrium data from the NGSMA Data Book (31) were used to
develop new equations for the K values. Comparisons of the relaxation

method solutions with Holland's solutions are given in Tables VI and VII.
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The last problem run was an industrial problem (9). This problem,
Problem VIII, could not be gsolved by the company from which it was ob=
tained. The relaxation procedure did not solve the problem either. The
distillate composition at the end of 60 pas;ea and a description of the
problem are given in Table VIII.

Two types of initial profiles were tested to determine the effect
that the starting condition has on convergence. One of these initial
profiles is a linearized ¢composition and temperature profile, while the
other starting condition assumes that the compositions and temperatures
of all trays dre equal to the combined feed composition and bubble point
temperature. Solutions for Problems I, II, VI, and VII were obtained
with each of the two different initial profiles. The two starting con-
ditions did not affect the solution of the problem, but did have an af-
fect on the number of passes required to reach a solution. A comparison
of the number of passes required for a solution using each of these two
starting conditions is given in Table IX. By using a linear profile,
the number of passes was less for one of the problems than when using
a constant composition profiles. Two problems required more passes to
converge with the linear starting profile, and one problem required the
same number of passes with each starting condition.

In order to determine the effect of each of the two starting
profiles, intermediate results after the end of every six passes were
obtained for Probiem I. Figures 6, 7, and 8 are plots of the composition
of a specific component on a given tray versus the pass number. Figure
8 is a plot of the component and the corresponding tray that was the
last point to converge. These figures show that the composition may

converge either asymptotically or in a damped sinusoidal curve.
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Problem II was run at several different values of the ratio of thé
time interval to the holdup, A®/H', in order to determine the effect of
this ratio on the tqtal number of passes required for convergence. This
test was made using an initial composition profile with every tray
having the same composition as the feed. However, an improved vapor
rate subroutine was adopted after the tests presented in Table IV were
made., The use of this new subroutine will account for the differenée in
the number of passes that appear in Iables IX and X. The results»of
this test are presented in Table X. As can be seen in this table, the
number of passes required reach a constant number after a certain ratio
is reached. Initial tests of the relaxation. program indicate that this

ratio is different for different problems.



TABLE I

- PROBLEM I: RESULTS OF COMPARISON OF EIGHTEEN-TRAY COLUMN

33

Feed .

Distillate moles/hr

: Feed condition

Pressure psia

- Dpistillate rate (D/F)

Bubble point
25,0

0.,251131

Component Ref, No. (7)
moles/hr Cst. O/flow Non-cst., O/flow

n=Butane 25.000Q 24,19612 24,4286 23,9091
i-Pentane  25.0000 10.91698 0.6243 1.0783
n-Pentane ~ 25.0000 0,08917_ 0.0602 0.1257
Hexanes 25,0000 . 0.00000 0.0000 0.0000» \
Operating Conditions:

Number of stages including réboiler 19

Feed tray number 9

Reflux ratio (V,/F) 2,25367

Type of condenser | Total
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TABLE II

PROBLEM II: RESULTS OF COMPARISON OF THIRTY EIGHT-TRAY COLUMN

Component Feed Ref. No. (7) Distillate moles/hr

moles/hr By Relaxation
Csto O/flow Non-cst. 0/flow
n=-Butane 25,0000 25.,00000 25,0000 25,0000
i=Pentane 25,0000 23,64628 22,9190 22,7916
n~-Pentane 25.0000 1435838 2.,0857 2,2131

Hexanes 25,0000 - 0.00000 0.0000 0,0000

Operating Conditions:

Number of stages including reboiler 39

Feed tray number' 19

Ref lux ratio (V,/F) 6.25932
Type»of condenser | Total

Feed ¢ondition B Bubble point
Pressure péia‘ 25,0

Distillate rate (D/F) 0.500047
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TABLE III

PROBLEM III: RESULTS OF SEVENTEEN-TRAY COLUMN WITH PARTIAL CONDENSER

Component Feed Distillate
moles/hr moles/hr
n-Butane 25,0000 24,1133
i=-Pentane 25,0000 0.8818
n;Pentane - 25,0000 0,1180
Hexanes 25,0000 0.0000

Operating Conditionss

Number ofbsﬁagés”including reboi ler 18

Feed tray'number‘ f : 8

Reflux ratio (v, /F) E | ' 2,25367
Type of»cbndénsef . B Partial
Feéd‘condition B . _ Bubble point
Pressurelpsia | ' “‘ : ‘ 25,0

Distillate rate (D/F) 00251131
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TABLE 1V

PROBLEM IV: RESUrTS OF THIRTY SEVEN-TRAY COLUMN WITH PARTIAL CONDENSER

Component ‘ Feed Distillate
moles/hr moles/hr
n-Butane 25.0000 25,0000
i-Pentane 25,0000 - 22.8853
n-Pentane 25.0000 2,119

. Hexanes 25.0000 0.0000

Operating Conditions:

Number of stages inCluding‘febéiler 38

Féed trayvnumber ' i8

Reflux ratio (VI/F) 6.25932
Type of qondenser : - Partial

Feed condition | o Bubble point
Pressurevpsia. P o 25.0

Distillate (D/F) 0.500047



PROBLEM V¢

TABLE V
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RESULTS OF COMPARISON OF NINTY-TRAY COLUMN WITH SIDE CUT

Sy

Component Feed Distillate‘ moles/hr Side Cut moles/hr
moles/hr Ref. No. By . Ref. No. By
(21) Relaxation (21) Relaxation
Propane 5.60 5.,55988 565598 0.040155 0.0402
i-Butane 8.00 7.46768 7.4679 0.531444 0.5311
i=-Butylene 6.80 5.46104 5.4689 1.27617 1.2683
Butene~1 341,00 220,759 220,3918 97.7111 97.5775
Butadiene 0.80 0.51780 0.5170 0.22919 0.2289
n-Butane 24,00 10,030465 0.0299 0,16909 0.1637
Butene=2 13,20 0.0051717 0.0049 0.042817 0.0402
OperAtinng§nditidﬂé?v'
| Nuﬁbér of stages including reboi1er 91 i.
,Feed tréy_number 55
23

Side cut tray number

Type of condénser

Reflux ratio (Vi/F),_ 

vFéed‘condition

Feed temperature

Feed bubble point temperature

Pressure psia

Distillate rate (D/?)

Side cut rate (S/F)

Subcooled to 88,8°F

22,98
Subcooled
83.0°F

124,5°F

84,0

0.5995

0.2500



TABLE VI

PROBLEM VI: RESULTS OF COMPARISON
OF NINETEEN-TRAY COLUMN WITH TWO FEEDS
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Component Feed I Feed II Distillate moles/hr
moles/hr moles/hr Ref, No., (16) By Relaxation

Methane 2,0 0.0 2.0 2.0000
Ethane 10.0 0.0 10.0 10.0000
Propylene 6.0 1.0 6.930 69471
Propane 12.0 7.0 17.95 18,1063
i=Butane 1.0 4.0 0.7398 0.7175
n~-Butane 3.0 17.0 0.3810 0.2290
n-Pentane 0.5 15,2 0.00004 0.0000
n=Hexane 0,0 9.0 0.,0000 0.0000
n=Heptane 0.0 4e5 0.0000 0.0000
n-Octane 0.0 4e3 0.0000 0.0000
360 bepe 0il 0.0 3¢5 0,0000 0,0000

Operating Conditions:
Number of stages including reboiler
Feed I tray number
Feed II tray number
Type of condenser
Reflux ratio (Vl/F)
Feed I condition
Feed II condition
Feed I dew point temperature

Feed II bubble point temperature

20
7
12
Partial
0,948
Dew point
Bubble point
128,0°F

267.6°F



Pressure

Distillate rate (D/F)

TABLE VI (continued)

264,7

0.38

39



TABLE VII

PROBLEM VII:

COLUMN WITH TWO FEEDS AND ONE SIDE CUT
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RESULTS OF COMPARISON OF NINETEEN=-TRAY

Component  Feed I Feed II Distillpte moles/hr Side Cut moles/hr
moles/hy moles/hr Ref. No. By Ref, No. By
(16) Relaxation (16) Relaxation

Methane 2,0 0.0 1.973 1,9732 0.02653 0.0268
Ethane 10.0 0.0 9.079 9.1013 0.9207 0.8987
Propylene 6.0 1.0 3.758 4,1477 3,150 2,7846
Propane 1250 70 8.135 7.7392 9.554 10.1445
i-Butane 1.0 4,0 0.03961 0.0309 0.6545 0.6356
n-Butane 3.0 17.0 0.01478 0.,0077 0.6917 0.5076
n=-Pentane 0.5 15.2 0.0000 0.0000 0.00317 0.0023
n-Hexane 0.0 9.0 0.0000 0.0000 0.0000 0.0000
n-Heptane 0.0 445 0.0000 0.0000 0.0000 0.0000
n-Octane 0.0 4.3 0.0000 0.0000 0,0000 0.0000
360 bepe 0il 0,0 3.5 0.0000 0,0000 0.0000 0.0000
Operating Conditions:

Number of stages including reboiler 20

Feed I tray number 7

Feed II tray number 12

Type of condenser Partial

Reflux ratio (VIIF) 0.9480

Feed I condition Dew point

Feed II condition
Feed I dew point temperature

Feed II bubble point temperature

1

2

Bubble point

28,0°F

67.6°F



Pressure psia
Distillate rate (D/F)

Side cut rate (S/F)

TABLE VII (continued)

264.7
0.23

0.15

41



TABLE VIII

PROBLEM VIII: RESULTS OF TEST OF SPECIAL PROBLEM
OF TWENTY SEVEN-TRAY COLUMN

Component Feed | Distillate
moles/hr . moles/hr
Methane | 0,15 0.1500
Ethane 7.28 7.,2800
Propane 98.80 98.8000
i-Butane 15.67 15,6700
n-Butane 46424 46,2400
i-Pentane 18,55 18.5500
n-Pentane 18.84 18,8400
Hexane 92.07 9.0700
Heptaﬁe 21.23 21,2300
Octane | 35,79 35,7841
Nonane 245.62 57,3060
Decane : 33.09 0,0123

Operating Conditions:

Number of stéges including reboiler. 28
Feed tray numbér : 15
.Tyﬁe of condenser ' o | Subcooled to 120°F
kefiux ragio (v,/¥) B e » C 1.1954
Feed temperature ' o 285%F
v'v,Feed flash ratio (L/F). » | 0.8545
Pressure psia | 150

Distillate rate (D/F) : 045977



TABLE IX

THE EFFECT OF INITIAL TRAY COMPOSITIONS ON CONVERGENCE

Problem No. Passes Required Using .
Linear Profile Constant Profile
I | 45 32
I1 29 35
VI | 28 28

VII 37 36

43



TABLE X

THE EFFECT OF A@/H' ON CONVERGENCE

AQ/H' Passes Required

0.06001 - =60
0,001 | = 60

0.01 > 60

1.0 “

10.0 3

10000.0 33 :

100000.0 33

1000000.0 33

&4
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CHAPTER V

CONCLUSIONS

A critical evaluation of a rigorous relaxation procedure for tray
and product compositions for complex fractionators was made. In order
to make this study, a computer program for the IBM 7090 of Ball's (3)
modification of Rose's relaxation technique (22, 23) was written. An
improved convergence technique was developed in order to improve the
reliability of the program and to decrease the number of passes required
to obtain a solution,

Several problems were solved in order to test the accuracy of the
relaxation procedure against published solutions. The results of this
study show that the relaxation procedure is reliable for simple or com-
plex distillation columns with multi-component feeds. 1In fact, the only
problem that could not be solved by the relaxation procedure was one
that could not be solved by the company from which it was obtained (10).

Tests were made to determine the effect of the initial compésition
and temperature profiles on the number of passes required for convergence.
A linear initial composition profile with a corresponding linear initial
temperature profile was compared against an initial profile where each
tray had the same composition as the total feed and each tray temperature
was the bubble point temperature of the total feed, The results of these
tests indicate that the initial profiles have some effect on convergence,

but the best type of profile depends on the individual problem,
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Results of tests of the ratio of the time interval over the holdup,

A9/H', show that the ratio has a large effect on the number of passes
requifed to reach a solution, However, these tests also show that a

maximum value of AO/H' is reached where a further increase in this ratio

has no effect on the convergence.
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LIST OF NOMENCLATURE

absorption factor defined by A = L/KV

constant defined by equation (46)

molar flow rate of the total bottoms product

molal flow rate of any component in the bottoms product
constant defined by equation (46)

constant defined by equation (46)

molar flow rate of total distillate product

molar flow rate of any component in distillate product
constant defined by equation (46)

molar flow rate of total feed

molar flow rate of any component in feed

pseudo molar flow rate of any component in feed
fraction of total feed vaporized

variable used in solving tri-diagonal matrix
enthalpy per mole

holdup in any individual tray

variable used in solving tri-diagonal matrix

vapor liquid equilibrium constant defined by K = y/x
equilibrium constant for reference component

total molar flow rate of a liquid stream

molar flow rate of any component in liquid stream
number of trays in stripping section

number of trays in rectifying section
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number of components

total molar flow rate of side product

molar flow rate of any component in side stream
temporary molar flow rate of any product

temporary molar flow rate of any component in product
heat flow rate

stripping factor defined by S = KV/L

minimum number of stages in any section of a column
total molar flow rate of a vapor stream

molar flow rate of any component in a vapor stream
mole fraction of any component in liquid stream

mole fraction of any component in vapor stream

Greek Symbols

relative volatility

constant in Winn equation defined by equation (7)

coefficient used in equation (44)

coefficient defined by equation (15)

constant used in Winn equation defined by equation (7)

error

time

forcing factor used in convergence procedure

fraction of entering gas stream not recovered in absorbing section
fraction of entering liquid stream not recovered in stripping section

constant used in Underwood Equations



av

ca

co

RP

Sp

assumed

average

bottoms

condenser

calculated

cérrected

distillate

rectifying section
heavy key

component reference
liquid

iﬁdividual tray number
light key

individual tray number
reboiler>

reétifying pinch zone
stripping pinch zone

stripping section
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TABLE XTI

56

PROBLEM I: VAPOR AND TEMPERATURE PROFILES WITH HEAT BALANCE

%r

Tray Number Temperature

- Condenser

ot =2
= OO N WD

[

feu3 i
SN BM PN

18
Reboiler

Operating Conditions:

Number of stages including reboiler

Feed tray number
Refiux ratio (V1/F)
Type of condenser
Feed condition
Presgure psia

Discillate rate (D/F)

520.0

523,49
528.86
535455
342429
547.85
551.83
554455
556,78
559.86
566443
568,21
570441
572.98

575,77

578.60
581.31

583.93

587,21
594,20

Vapor Rate (moles/hr)

0.0
82,71000
81.55318
80.25312
78.96915
7790504
77.16169
76.68482
76029446
75.67426
74422920
73496090
73.,76626
73458529
73045327
73.39880
73.43019
73.49610
73642192
72.60570

19

9

2.25367
Total

Bubble point
25,0

0251131



PROBLEM II:

Tray Number

Condenser

38
Reboiler

TABLE XII

VAPOR AND TEMPERATURE PROFILES WITH HEAT BALANCE

Temperature °R

542,21
554479
563.37
568,00
570425
571,36
571.98
572440
572.74
573,05
573,35
573.64
573.93
574420
574.47
574,73
574,98
575.24
575454
576,02
577.04
579.64
582,20
583450
584422
584,69
585.05
585436
585,65
585.94
586,22
586450
586478
587.07
587442
587495
589,04
591.64
397.74
609.56

Operating Conditions:

Number of stages including reboiler

57

Vapor Rate (moles/hr)

39

0.0
363,00000
355.63921
352,40939
351.39131
351.11574
351.06166
351.07893
351.12206
351.,17756
351423859
351.30366
351.37097
351.43953
351.50731
351.57299
351.63023
351.66302
351,62512
351437157
350.48480
347,86170
348,07401
348,56738
348,93342
349.19622
349,40561
349,59253
349,77285
349.95064
350,12715
350.30059
350,46491
350,60035
350,65822
350.49498
349,71408
347,32132
341.47429
331.25837



TABLE XII (continued)

Feed tray number
Reflux ratio‘(VI/F)
Type of condenser
Feed condition
Pressure psia

Distillate rate (D/F)

58

19

6.25932
Total

Bubble point
25,0

0500047



TABLE XIII

39

PROBLEM III+ VAPOR AND TEMPERATURE PROFILES

Iray Number Temperature °R
Condenser 522,61
1 527 .44
2 533,85
3 540,76
4 546,83
5 551.44
6 554497
7 558,84
8 565.88
9 567.48
10 569.49
11 571.88
12 574453
13 577.28
14 579.94
15 582439
16 584473
17 587.74
Rebailer 594,49

' Operating Conditionss -

Number of stages including reboiler

Feed tray number
Reflux ratio (Vi/F)
Type of condenser
Feed condition
Pressure psia

Distillate rate (D/F)

Vapor Rate (moles/hr)

25,11310
82.71000
81,42800
80.,10252
78493720
78,06227
77.40692
76,63107
75.08485
74,80617
74,61503
74.42835
74427402
74,18609
74,18234
74425182
74434069
74.26132
73.42160

18

8

2025367
Partial
Bubble point
25.0

0.251131



Trax Number

~Condenser

35

36

37
Reboiler

PROBLEM IV:

TABLE XIV

Témperature 0R

Operating Conditionss

554475
1563434
567,99
570,25
571.36
571.98
572440
572,74
573.05
573435
573,64
573.93
574,21
574449
574478
575.12
575462
576,67
579.28
581,77
583.03
583,73
584418
584452
584482
585.11
585,40
585468
585,96
586024
586452
586079
587,08
587042
587,79
589,05
589,65
597.76
609,59

Namber of stages including reboiler

Feed tray number

VAPOR AND TEMPERATURE PROFILES

60

Vapor Rate (moles/hr)

38

18

50,00470
363,0000
359.66764
358.61576
358,32826
358.27053
358.28748
358.,33094
358.38646
358,45168
358.51800
358,58685
358,65566
358,71695
358,75761
358472969
358,48987
357.62296
354499422
355.16100
355.61387
355,95518
356019614

356039841

356,57613
356675176
356.92484
357.10320
357.28109
357,46061
357,63449
357.80045
357.93665
357,99172
357.81359
357.01C41
356454151
348454022

338.08413



TABLE XIV (continued)

Reflux ratio (VI/F) 6.25932
Type of condenser ‘ Partial

Feed condition Bubble point
Pressure psia 25.0

Distillate rate (D/F) 0. 500047
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'TABLE XV

PROBLEM V: VAPOR AND TEMPERATURE PROFILES

Tray Number Temperature °r Vapor Rate (moles/hr)
Condenser 548,00 0.0

1 584,03 8227.440
2 585,72 9409,651
3 585.02 9412,764
4 : 585,16 9410,716
5 ' 585.23 : 9407,034
6 : 585427 _ 9404.,948
7 585.30 9402,555
8 . 585,32 9400,413
9 . 585,33 : 9398,522
10 ' 585.35 9396,906
11 585436 9394,9438
12 : 585,37 ’ 9393,792
13 " 585,37 9394,376
14 . 585438 . 9392.809
15 S ' .. 585.39 _ '9391,724
16 C o 585.40 9390.734
17 v 585441 _ : 9389,822
18 : 585,41 _ . 9388,962
19 : o 585.41 ' 9390.035
© 20 S - 585,42 S o 9389,299
21 P 585442 - . S 9388,880
22 : o 585.43 ‘ 9387.178
23 oL . 585.43 : : -9388,408
24 o : 585.44 » 9386,140
25 : ' 585.44 9387.723
26 , g 585445 : 9386.,918
27 o o 585645 S - .9386,552
28 o : 585446 - o 9386, 189
29 o : 585447 : 9385.770
30 ‘ : o 585.46 . o " 9387.168
31 = : 585,47 o . 9386,473
32 ' 585448 ‘ : 9385,990
33 ' . ' 585,48 o , .93853,876
34 : 585.49 ' 9385,703
35 N E 58549 9386,310
36 ' 585450 _ 9386,044
37 _ © 585451 " 9385,549
38 585452 ’ 9385,440
39 o 585,53 o 9385,247
40 ' : ' 585454 ' 9385.027
41 ' 5853.55 ‘ 9384,796
42 : 585.56. 9385.485
43 . -585,58 9384,955
44 _ " 585459 _ ' . 9384.771

45 : 585061 ‘ 9384,183



46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
- 70
71
72
73
74
75
76
77
78
79
80
81
- 82
83
84
85
86
87
88 -
89
20
Reboi ler

Operating Conditions:

TABLE XV (continued)

585463
585,65
585,67
585469
585.71
585474
585477
585,81
585,84
585,88
585493
585,98
586.01
587,05
587,09
587413
587,17
587,27
587433
587,39
587047
5874 54
587,64
587.74
587,85
587,97
587411
587,27
587443
587,61
588,81
588,02
588,25
588,50

.. 588477

589,03
589,35
589, 66
589,99
590,32
590.66
591,00
591435
391,69
592,02

Number of stages including reboiler

91

93834929
9383.607
9383.256
9382,468
9383.291
9382,760
9381.956
9381.539
9380.974
9380.374
9450.709
9450,738
9449,153
9448.149
9447,101
9446,043
9445,793
9444 .,668
9443,306
9442,280
9441 .143
9438,979
9439.662
9437,886

- 9436,230

9434 , 681
9432,961
9431,105
9428,141
94264031
9425,390
9422, 548
921,857
94164638
9413,608
94104359
9406, 964
9403,421
9399,778
9395,336
5391, 666
9387,866
9384 4057
9380, 306
93764672
93744.184

63



TABLE XV (continued)

Feed tray number

Side cut tray number

Type of cdndenser
Reflux‘ratio (VI/F)

Feed condition

Feed temperétﬁre

Feed bubble point temperature
Pressure psia

Distillate rate (D/F)

Side.cut rate (S/F)

55

23

Subcooled to 88,8°F
22,98

Subcooled

83,0°F

124, 5°F

84,0
0435995

0.2500

64



TABLE XVI

65

PROBLEM VI: VAPOR AND TEMPERATURE PROFILES

Tray Number Temperature °R‘
Condenser . 562,60
1 377.61
2 585.71
3 592,99
4 ‘ 600.10
5 606.69
6 612,57
7 634,02
8 646422
9 654,91
10 662,81
11 ' 674,24
12 706.28
i3 : 708.00
14 710.01
15 712,31
16 » 714,94
17 . 718,11
18 . _ . 727.353
C19 : - ‘ - 730.93
Reboiler , . - 756430

Operating Conditions: |
,'Number of s;ages including reboiler
Feed I trayvnumber
: Feed‘II tray nuﬁber
- Type of,cpndenéér‘
Rgflﬁx‘rétio (VI/F) _
Feed I condition
Feed II condition
Feed I dew point temperature.
Feed IIrbubble point temperature
Preésure psié-

Distillate rate (D/F)

~ Vapor Rate (moles/hr)

38.00000
94.80000
94,76300
93.52702
92,14200
90.90222
89.81487
54.06847
55.34187
55.,55139
53.11015
53447320
47.25849
44,41909
444.99640
45.,67053
46,42955
47.22683
47,93772
. 48.16822
1 46,02955

20

7

- 12

 Partia1
0,948
Dew peint
Bubbie point
128.0°F
267.6°F
264, 7

0.38



Tray Number

Condenser

19

Reboiler

TABLE XVII

PROBLEM VII: VAPOR AND TEMPERATURE PROFILES

Temperature °R

341.18
562.46
570448
575,59
581.45
588,62
597,21
617.60
632,05
644431
655,72
670,04
704,58
706012
708,01
710,27
712,97
716432
721,01
729,72
755439

Operating Conditions:

Number of stages including reboiler

"Feed I tray number"

" Feed II tray number

Type of condenser

Ref lux ratiov(VI/F)

Feed I_condition’

Feed II condition’

Feed I dew point temperature

Feed II bubble point temperature

Pressure psia

Distillate rate (D/F)

Side cut rate (S/F)

66

Vapor Rate (moles/hr)

20

12
Parti
0.9
Dew
Bubb
128.0
126.6
26447
0.2

Oo1

23.00000
94,80000
97.03485
97.10231
95041581
93.74126
91.70544
34479064
55,13255
54475523
55.07894
52430245
46.28568
43.04042
43.54036
44,15095
44,87240
45,67320
46444194

46,79616

44,87992

al

80

point

le point
OF

or

3
3



PROBLEM VIII: VAPOR AND TEMPERATURE PROFILES AFTER SIXTY PASSES

Tray Number

Condenser

27
Reboi ler

Operating Conditions:

TABLE XVIII

Temperature °R

580.00
694,96
785.80
828,77
845.07
853,53
861.81
870.70
879,93
888,70
896,40
903,05
909,18
915.42
922.21
933,60
947.17
951.83
955.10
957.82
960,00
960,00
960,00
960,00
960,00
960,00
960.00
960,00
960.00

Number of stages including reboiler

Feed tray number
Type of condenser
Reflux ratio (VIIF)

Feed temperature

Feed flash ratio (L/F)

Pressure psia

Distillate rate (D/F)

67

Vapor Rate (moles/hr

28

15

Subcooled to 120°F

-0,00000
388,66619
329,93223
329,93223
329.93223
329,93223
329,93223
329.93223
329,99223
329.93223
329.93223
329,93223
329,93223
329.93223
329.93223
249,85492
732,16971
847.17067
878.91467
895.60583
91035013
934.53320
923.62558
912,73195
901,64571
890,09650
877.63260
863.49689
846.55124

1.1954

285°F

0.8545

150

0.5977
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COMPUTER PROGRAM
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COMPUTER PROGRAM

A program was written for the IBM 7090 in Fortran II for the pro-
posed method presented in this work. It was written to handle a maxi-~-
mum of 25 components, 200 trays, three feeds, four side draws, and six
intercoolers.

The input data requirements and a brief discussion of each item are
listed below. Also, an input data sheet which specifies the location
of each item on the individual card and the order of cards is in-

cluded.
Input Format Specifications

There are four types of input data format statements‘used in this

program, They are as follows:

Fwed =~ This type of format is used for floating point numbers, such
as Fl4.6 where a decimal is used. The total word length is
specified by w, and the decimal point is located by d where
there are d digits to the right of the decimal. However,
if a decimal point is punched on the card, the specified
decimal point location is overridden.

Ewed =~ This type of format specification is used for floating point
numbers where an exponent is specified. The terms w and d
have the same meaning as in the F type format. The term E

is used to indicate the exponent, and the numbers following

the E indicate the power of ten to which the number preceeding

69
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the E is raiseds An example of this type of format is
0.1746E=-03, This number would be written as 0,0001746
using an F type format.

In - This type of format is used for fixed point numbers where
no decimals are included. An example of a number to be
read under this type of format is 74,

An - This format is used foriready alphameric information such
as the problem identification or compeonent names. The
width of tﬁe field is specified by n. By using this type
of f§rmat, alphabetic, numeric, and special characters
can be réad. An example of this type of format is "PID
#¥%% TEST RUN NO. 2,"

Fof a more detailed discussion of the various formats listed above,

the reader is referred to the IBM Fortran Manual (32).
Input Data

‘The inpuﬁ‘daté‘afe_puﬁched.in the fﬁliowing order s
"Card i | | | |

"~ This éard(isbpséd»foriidéntificétioﬁ purposes only. Any‘type of
identificatioﬁ»information can be punched on this card.
Card 2

| 'Thisvcard containé.the éight convergenceylimits used by the program,

and the specified condenser temperature if requireds For a brief dis=
cussion of these limiﬁs, the reader is referred to the first page of the
input data sheet. Each of these items is a_floating peint variable with

a format of F846.



b |

Card 3

This card contains seven variables. The variables are, in order of
their location on the card, maximum temperature, minimum temperature,
convergence factor, vapor rate (VIIF), pressure, distillate rate (D/F),
and time interval., Each of these variables has a specified format of
F8.6. The convergence factor corresponds to (3' in equation (43),
Chapter III, and is usually set equal to one. The pressure is used for
identification purposes only.
Card &4

This card contains ten fixed point constants. The first nine are
read under an I3 type format, and an I4 format is used for the tenth.
These constants, in chronological order are, the number of side streams
(zero to four), the number of intercoolers (zero to six), the number of
feeds (one to three), the maximum number of passes divided by 30, con=
denser type (one if total condenser or two if partial condenser), the
number of components (two to 25), holdup test (zero if all the trays have
the same holdup throughout the column or ome if the holdup is not
constant), output test (one if every sixth pass and final results are
printed or two if only the final results are printed), vapor test (one
if constant molal overflow or two if non-constant molal overflow), and
the maximum number of trays (three to 200) which includes the condenser
and reboiler.
Card 5

This card is used only if the column has one or more side streams.
It gives the location of the side stream using an I4 format and the
stream rate (S/F) using an F8.5 format. There will be one card for

each side stream, and they are loaded starting with the top side stream.
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}Cafd 6
This card is used only if the columm has one or more intercoolers,
It gives the tray number of each intercecoler using an I4 type format,
and the amount of heét removed per unit of time using an El4.8 type
format. There is one card per intercooler, and they are loaded starting
with the top intercooler,
Card 7
This card is used to read the component rates in each feed and the
component identification. The rates are read under an F8,5 type format,
and the identification is read under a 2A6 format. The component rate
sin the top feed is located in the first eight spaces on the card and the -
second rate in the second eight spaces, etc. If there are not three
feeds, the gorrespohding location for the misSing feed is left blank
or set equai to zero. Thé epmponent identification is located in column
' 25'throﬁgh_36.'.There is 5 card for.eacﬁ component, and they are located
in 6rder of the lightest‘component first, ‘
Card 8 |
 This card is used toread data about eéch individual‘feed stream.
The variables used:here are the feed location, fééd condition (the reader
is referred td Input Data Sheet 4 for aﬁ explanatiOn of this test), feed
énthaipy:(set equal to zerogjif it is to be caléulated or if déﬁ peint or
bubbie point feed)9 ahd the feed temperature (éet equal to zero if it
is to Be calculated). There is one card for each feed, and they are
loaded in order of the top feed fi;st; vThé formats used are I4 for the
“irst number and F8.6 for the last three vafiaﬁléso o
Card 9

‘These data are the coefficients used for calculating the équilibrium
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K values in the following forms
K = A+ B(T) + c(TZ) + D(TS) + E(Ta) + F(Ts)
These coefficients are all read under an E12.6 type format. If some
of the coefficients are not used, they should be set equal to zero.
These cards are loaded in the seme order as the feed component cards.
.Cards 10 and 11
Card 10 is used to read the coefficients of the liquid enthalpy,
and Card 11 is for the vapor enthalpy. The equation using these coef-
ficients is of the following forms
H = A +B(1) + c(T%) + D(T°) + E(T™)

Each of these coefficients is read under an E12.6 type format. There
is one card for each component, and they are loaded in the same order as
the feed.with alternate liquid and vapor coefficients, starting with the
liquid.
Card 12

' Thisvcard is used to lead the holdup for each trays if the holdup
test is set equal to zero in Card 3, only one card is useds if the test
is one, there must be one card for each tray, includlng the condenser
. and reboaler.:-The‘format used is F8.1.- Because the holdup and time -
interval_are fictitious numbers used fot'conQergence, only the ratio'of
the time intervalvin Card 3 and the holdup in Card 12 are of importance.
In order to arrive at a stable'solutions this‘ratiO'sheuidvbe about
100.0. if the ratio is less than 100, the convergence time is greater.
If.the recio is larger than 100, the convergence time ﬁill generally be
smaller. The user may experiment with the size of this ratio for a given
set of conditipns to detefmine the maximum size ratio thatrwill give a

suitable solution.



74

As many problems as desired may be loaded at one time. Each of the
problems is independent of the other, and a complete set of data for
each problem must be used. The only three conditions that can occur
that will call the program to.eXit without completing all of the problem(é)v
are: (1) the maximum execution time is exceeded, ﬂZ) the convergence
subroutine of the program cannot converge, or (3)3the flash feed subrou~
tine cannot converge. If the maximum number of passes havé occurred,
the program will print the final results and then proceed to the next
problem,

The tray numbering system used starts with the top tray as tray one.
The condenser is tray zero, and the reboiler is the maximum number of

trays as read in Card 4 minus one.
Error Comments

The following error comments are given if they should occur in the
programs
A, vikk WARNING ¥4 THLS.PROBLEM DID NGT CONVERGE, THE ABOVE
RESULTS ARE,NQEfA FINAL SOLUTION TO<THIS+PROBLEM:

Thig comment is written if the niaximum number of passes has
been exceeded without the problem converging. The program will
proceed to the next problem.

B, MAXIMUM NUMBER OF TRIALS EXCEEDED FOR FEED - n WILL CALL EXIT:

This comment is printed if the condition of a flash feed
cannot converge. The problem is terminated by calling EXIT.

C. PROBLEM CANNOT CONVERGE WILL PRINT RESULTS THEN CALL EXIT:

This comment is printed if the oﬁer;all material balance

does not converge. The results are printed, and the program is
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stopped by calling EXIT,
D. DEW POINT DID NOT CONVERGE FOR FEED n WILL SET TEMPERATURE AT
AND CONTINUE:

This comment occuis only while calculating the feed dew
point., If this comment is printed, the temperature is set at the
one stated and the program continues.

E. BUBBLE POINT DID NOT CONVERGE FOR TRAY OR FEED n WILL SET
TEMPERATURE AT ______ AND CONTINUE:

This comment can occur while calculating the feed or tray
bubble point. The bubble point temperature will be set equal to
the one stated, and the program will continue.

F. MAXIMUM CHANGE IN COMPOSITION ERROR FROM PASS TO PASS IS NOT
SIGNIFICANT - WILL SET COMPOSITION TEST AS CONVERGED AND RETURN:

This comment éan éccur if the maximum change in composition

from §ne pass to the next is insignificant. The composition
' convergence test‘constéﬁt ﬁill be set to the convergéd cbn=

~dition, and the program will continue,
‘Output

~ The oﬁt?ﬁt,consists of a statement deécribing‘the conditions of
cofzvérgen‘ce9 allisging of ;ompoéition,‘and the édmponeﬁt rate of passing
liquids and vapor'sﬁreams bét@eén each tray, a table of product com-
positionsvénd comﬁonent rafes, and a tabular lisfing of tray temperature,
vapor rates, and vapor enthalpy. The pfogramer has the option of printing
the results of every six passes and the final resuits or pfinting bnly

the final results.
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FOR
OSU TRAY BY TRAY PROGRAM

i A

CONVERGENCE LIMITS (See Note)
A

FIXED CONDENSER
T Ew MATERIAL  COMPOSITION TEMPERATURE VAPOR BUBBLE L/F FOR  HEAT BALANCE ' TEMPERATURE SET
POINT BALANCE PROFILE PROFILE PROFILE POINT FLASH FEEDS _FLASH FEEDS TOOO IF NOT FIXED
i
: T T uﬁ T‘T aoler T I,Tv

MAXIMUM MINIMUM CONVERGENCE  VAPOR RATE PRESSURE DISTILLATE TIME
TEMPERATURE TEMPERATURE FACTOR TOP TRAY( V/F) RATEL(D/F) INTERVAL

i

NUMBER OF SIDE STREAMS HNOTE : CONVERGENCE LIMITS

IF THESE ARE LEFT BLANK OR SET EQUAL TO 0.0,
NUMBER OF INTER COOLERS THE PROGRAM WILL ASSUME THE FOLLOWING LIMITS ©
NUMBER OF FEEDS DEWPOWT.. . ... .............0001
MAXIMUM NUMBER OF TRIALS/30 MATERIAL BALANCE ............ 0.0001
CONDENSER TYPE ® |- TOTAL ; 2-PARTIAL e s oo R
NUMBER OF COMPONENTS VAPOR PROFILE . ............. Q00!
CONSTANT MOLDUP @ O-YES, 1-NO BUBBLE POINT. . .. ............ 0.0001
INTERMEDIATE PASSES PRINTED ® I-NO ; 2-YES  L/F FOR FLASH FEED. .......... 0.004

£

CONSTANT MOLAL OVERFLOW ®1-YES; 2-NO WIS TR fUSy TR, (18
NUMBER OF TRAYS INCLUDING CONDENSER AND
REBOILER

9L



SIDE STREAMS

TRAY NUMBER
[ SIDE STREAM RATE (S/F)

FIRST SIDE STREAM

SECOND SIDE STREAM

THIRD SIDE STREAM

FOURTH SIDE STREAM

INTER COOLERS

TRAY NUMBER

HEAT REMOVED PER
UNIT OF TIME

1j2/5ials'e/T/aj9fiojnli2iis/14,15|16117 I8

FIRST INTER COOLER

SECOND INTER COOLER

1 THIRD INTER COOLER

FOURTH INTER COOLER

FIFTH INTER COOLER

' _L SIXTH INTER COOLER

LL



COMPONENT FEED RATES
FEED; FEED2

FEEDs

COMPONENT NAME

819

L

L

8L



‘FEED DATA .

1= IF ENTHALPY IS SPECIFIED
TRAY NUMBER 2 - IF TEMPERATURE IS SPECIFIED
FEED CONDITION § 3 - IF L/F 1S SPECIFIED
FEED ENTHALPY 4 - |F AT OR BELOW BUBBLE POINT
PER Mg[_g FEED 5 - IF AT OR ABOVE DEW POINT

L/F FOR FLASH FEED
FEED TEMPERATURE

1 418 89 165171 szs STZI

FEED |

FEED 2

FEED 3

6L



COEFFICIENTS FOR EQUILIBRIUM VALUES

L)

i2[i2

08



COEFFICIENTS FOR VAPOR AND LIQUID ENTHALPY

A B c

i T

3.6.7.8] ONE CARD IF HOLDUP TEST IS O

ONE CARD FOR EACH TRAY IF HOLDUP TEST IS |

Liguip
COMPONENT !

VAPOR

LIQuID
COMPONENT 2

VAPOR

LiouiD
3

VAPOR

18



APPENDIX C

BLOCK DIAGRAMS
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BLOCK DIAGRAM FOR ENTIRE PROGRAM

Read Data

Print Data

Caiculate Feed Conditions

Calculate Initial Composition Profile

Canglate Initial Temperature Profile

Calculate Initial Vapor Profile

<}£}“‘“‘””‘ DO C J=1, 30

Calculate New Composition
Profile by Relaxation Method

Is Condénser Temperature Fixed?

{No ).
\J

Calculate New Condenser Temperature

3‘5\}
9/

Force External Material Balance

7

83




\’

Calculate New Temperature Profile

(No)-
N4

Constant Molal Overflow?

(ves)
~Z

alculate New Vapor Profile

84

<§E} Converged? - (gg;
Continue Print Answers
Go to A
1
(1) Maximum Mumber of @
N Trials Exceeded? -
' Go to B Print Results From
Last Pass
Go to A

End




BLOCK DIAGRAM OF CONVERGENCE PROCEDURE (SUBROUTINE CNVRG)

Calculate Component Product Rates

. Calculate Temporary Feed
‘Component, .Rates

DO C N=1, Number ef Products =~ 1

Calculate Temporary Bottoms
Product Rates

Calculate Ratio of Temporéry
Bottoms Component Rate to Product
Component Rate (R)

Set Theta = 1.0

DO B M=1l, 25

DO A I=1, Number of Components

Calculate New Component Product
Rate by PI = (Temporary Feed Com=
ponent Rate)/(1.0 + Theta * R)

v

85




!

Accumulator Overflow?

®

86

PI = 0.0

A
Continue
. Sum PI for Each Component
4/;;;\ Is ABSF (Sum - Product Rate) (
\\—// Acceptable Error?

©

Solve for New Theta by
Newton’s Method

Continue

Write Problem Cannot Converge

 Call Exit

Correct Product Composition

Calculate New Temporary.
Feed Component Rate

v



|

Continue

Return

End

87



BLOCK DIAGRAM FOR RELAXATION TECHNIQUE (SUBROUTINE XVAL)

DO B N=1, Number of Trays + 2

Calculate a', b', and c¢' in
Equations (46)

Does N = Condenser Number?

Calculate d* in Equation (46)
Modified for Condenser

Go to A
{;;;\‘ ‘ Total Condenser? ﬁ;;;\
Set Correction of d’ for - Calculate b' for
Total Condenser'm ¢ B Total Condenser

Calculate Correction of
d® for Total Condemser

88



!

®

Does N = Reboiler Number ? | <ggg>

89

Calculate d' for Reboiler

Go to A

Does N = Side Cut Tray Number? ~

Calculate d°' for Side Cut

Go to A

Calculate d° for Ordinary

Tray :
Does N = Feed Tray Number? {Effy

Correct d' for Liquid
Portion of Feed

Go to A




v

®

Does N = Number of Tray
Below Feed Tray?

Just {i%%%

90

Correct d* for Vapor Part
of Feed

Calculate h and g in

Equations (47) - (50) for Matrix ‘

- Solve Matrix for

Tréy<Compositions

Return

End




~ APPENDIX D

PROGRAM LISTING
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NAnOoONNNNNNDNNNNNONMNANDNNNNAONONNDODNNNAONNONNOoONnDONONNONnNNNNONNNN® % &

MAIN

XEQ
LISTB
LABEL

i LAl

OeSeUs TRAY BY TRAY
asase

NOMENCLATURE OF FORTRAN SYMBOLS

AK
ALIML
ALIM2
ALIM3
AL IM4
ALIMS
ALIM6
ALIMT
ALIM8
BETA
81

BK
BTMS
CFD
cK
DELT
o1

DK
DOF
DSPEC
EK
ENLO
ENL1
ENL2
ENL3
ENL4
ENVO
ENV1
ENV2
ENV3
ENV4
EQull
EQul
F
FORT
FK
FLOR1
FLDR2
FRACT
G
HFED
HFLQD
HFUPR
HHST
HLDP
1CON
10HDP
IFLIP

COEFFICIENT IN EQUILIBRIUM K VALUE EQUATION
ERROR TOLERANCE FOR DEW POINT

ERROR TOLERANCE FOR CONVERGENCE SUBROUTINE
ERROR TOLERANCE FOR COMPOSITION PROFILE
ERROR TOLERANCE FOR TEMPERATURE PROFILE
ERROR TOLERANCE FOR VAPOR PROFILE

ERROR TOLERANCE FOR BUBBLE POINT

ERROR TOLERANCE FOR LOF FOR FLASH FEEDS
ERROR TOLERANCE FOR ENTHALPY BALANCE FOR FLASH FEEDS
CONSTANT IN COMPOSITION SUBROUTINE

BOTTOMS COMPONENT RATE

COEFFICIENT IN EQUILIBRIUM K VALUE EQUATION
BOTTOMS FLOW RATE

TEMPORARY FEED COMPONENT RATE

COEFFICIENT IN EQUILIBRIUM K VALUE EQUATION
TIME INTERVAL

DISTILLATE COMPONENT RATE

COEFFICIENT IN EQUILIBRIUM K VALUE EQUATION
RATIO OF DISTILLATE TO FEED RATE

DISTILLATE RATE

COEFFICIENT IN EQUILIBRIUM K VALUE EQUATION
COEFFICIENT IN LIQUID ENTHALPY EQUATION
COEFFICIENT IN LIQUID ENTHALPY EQUATION
COEFFICIENT IN LIQUID ENTHALPY EQUATION
COEFFICIENT IN LIQUID ENTHALPY EQUATION
COEFFICIENT IN LIQUID ENTHALPY EQUATION
COEFFICIENT IN VAPOR ENTHALPY EQUATION
COEFFICIENT IN VAPOR ENTHALPY EQUATION
COEFFICIENT IN VAPOR ENTHALPY EQUATION
COEFFICIENT IN VAPOR ENTHALPY EQUATION
COEFFICIENT IN VAPOR ENTHALPY EQUATION
EQUILIBRIUM K VALUE

EQUILIBRIUM K VALUE

TERM FOR SOLVING MATRIX IN COMPOSITION SUBROUTINE
FEED RATE

COEFFICIENT IN EQUILIBRIUM K VALUE EQUATION
LIQUID FLOW RATE

LIQUID FLOW RATE

FRACTION OF FEED AS LIQUID

TERM FOR SOLVING MATRIX IN COMPOSITION SUBROUTINE
FEED ENTHALPY

ENTHALPY OF LIQUID PORTION OF FEED

ENTHALPY OF VAPOR PORTION OF FEED

HEAT REMOVED BY INTERCOOLER

TRAY HOLDUP

TYPE OF CONDENSER TEST

HOLDUP TEST

CONSTANT TO SET MAXIMUM NUMBER OF TRIALS

92

0004
0005
0006
o007
o0oo08
0009
o0o0lo
0011
0012
0013
0014
0015
0016
0017
ools
0019
0020
o021

‘0022

0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054



NnnnNnNnNnnNnNnnNnnOononNnnOonNnnNnOhnnNOonNnOonNnOnNnnNnonNnnNnOonNOonNaNnNnNnnnnNnnnnnnnnNnnNnOonnn

IMAX
10TPT
ITMST
IVPR
LTEST
MTEST
NFDS
NFPT
NHTM
NHTMS
NIN
NMAX
NOUT
NSTM
NSTMS
NTEST
PID
PI
POP
PRESS
QREB
REFLX
RTFX
SDSR
SFDJ
SMFD
SOF
TCON
TFED
THETA
TMAX
TMIN
TOTI
B
VPRR

X
XFED
XNAME
YFED
0w
LIST OF
A

ABC
ABUG
AKPRM
ALK
ALOT
ALRT
AVG
AVGT
AXXA
B
BKPRM
BLOT

NUMBER OF COMPONENTS

TEST FOR PRINTING INTERMEDIATE RESULTS
FEED CONDITION

TEST CONSTANT FOR CONSTANT MOLAL OVERFLOW
CONVERGENCE TEST

CONVERGENCE TEST

NUMBER OF FEEDS

FEED PLATE NUMBER

INTERCOOLER TRAY NUMBER

NUMBER OF INTERCOOLERS

INPUT TAPE DRIVE NUMBER

NUMBER OF TRAYS INCLUDING CONDENSER AND REBOILER
OUTPUT TAPE DRIVE NUMBER

SIDE STREAM TRAY NUMBER

NUMBER OF SIDE STREAMS

CONVERGENCE TEST

PROBLEM IDENTIFICATION

PRODUCT COMPONENT RATE

RATIO OF TEMPORARY BOTTOMS AND DISTILLATE COMPONENT RATES
PRESSURE

REBOILER HEAT DUTY

RATIO OF TOP TRAY VAPOR RATE TO FEED RATE
SINGLE FEED COMPONENT RATE

SIDE STREAM RATE

TOTAL COMPONENT FEED RATE

TOTAL FEED RATE

RATIO OF SIDE STREAM RATE TO FEED RATE
CONDENSER TEMPERATURE

FEED TEMPERATURE

FORCING FUNCTION IN CONVERGENCE SUBROUTINE
MAXIMUM TEMPERATURE

MINIMUM TEMPERATURE

TEMPORARY BOTTOMS COMPONENT RATE

TRAY TEMPERATURE

VAPOR RATE

LIQUID MOLE FRACTION

MOLE FRACTION OF LIQUID PART OF FEED
COMPONENT NAME

MOLE FRACTION OF VAPOR PART OF FEED

*EEEN
DUMMY VARIABLES
J Né&
JB NT
JFD N8
JHE NB8TS
JHE1 PROD
JJ Q
JJIMP QBT
JK QCOND
JPH Qll
JRJ OREB
J5A QSTM
Js8 RTX
JX SMH1

93

0055
0056
0057
o058
0059
0060
006l
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
oosl
ooB2
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0l01
0102
0103
0lo4
0105
0l06
olo7
olo8



ANNOA \ ‘
AAAANNANNANANANNANAANNNNNOANNANANANANNANANAANNNANAANDN

8XXB

CON1
CxXXC

J3x
Jax

J5X%

9

oleo¢
0110
0111
0112
0113
0lls
0115
0116
0117
0118
0119
0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
0lé4l
0l42
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152
0153

0154

0155
0156
0157
0158
0159
0160
0161
0162
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11zt 12T
LIST OF REQUIRED SUBROUTINES LA A A g
MAIN MAIN PROGRAM

REDIN READ INPUT DATA

DATA PRINT INPUT DATA

GNRL CALCULATES DISTILLATE»BOTTOMS»AND FEED RATES

FSTVP CALCULATES INITIAL VAPOR PROFILE

FRSTX CALCULATES INITIAL COMPOSITION PROFILE

FRSTT CALCULATES INITIAL TEMPERATURE PROFILE

XFEED CALCULATES FLASH FEED CONDITIONS

FLASH CALCULATES FLASH EQUATION

XVAL CALCULATES NEW COMPOSITION PROFILE

CNVRG FORCES EXTERNAL MATERIAL BALANCE

DEWPT DETERMINES DEW POINT

ENTHL DETERMINES ENTHALPY

TDFLD DETERMINES LIQUID RATE

PAGE NUMBERS PAGES

FLDRT DETERMINES LIQUID RATE

KVAL DETERMINES K VALUES

BUBPT DETERMINES BUBBLE POINT

OTPT PRINTS ANSWERS

VPRRT CALCULATES NEW VAPOR PROFILE

W H
DIMENSION RTFX(3925)+SDSR(4)sPID(12)9»SFDJ(25)

1 T(200) sHLDP (200 ) s NSTMI(4 ) »SOF (4) sNFPT(3) oHFED(3) osNHTM(6) s HHSTI(6)
2+AK(25)9BKI25)9CK(25)9DKI25) 9EK(25) sFKI25) sENLOI25)sENLLI25)sENL2(
325)sENL3(25)sENL&4(25)»ENVOL25) sENV1(25)+ENV2(25)sENV3(25) sENV4(25)
44EQUI25) sFRACTI(3),FDORTI3)+X(200925)»F(200925)+G(200+25)»VPRR(200)
5:EQUIL1(25) s XFED(3s25)sYFED(3525)+D1(25)9BI(25)9XXX(25)1»TF
GED(3) s XNAME(25+2)+QI1(25)5S55(25)sHFLQAD(25)+yHFVPR(25)+ITMSTI(3)RTX
T(3)sPIt5+25)»TOTI(25),CFDL25)+POP(25)

COMMON NOUT sNINsSMFDsDSPECsDOF s IDSMaNSTMS» SOF s NFDS s IMAX s NMAX »
1TMAX s TMIN+BETADELT s ALIMLsALIM2,ALIM3 sALIMG sALIMS yALIMOSALIMT sALIM
28 yNHTMS s PRESS s IDHM, QREBsBTMSsSMSTHIFLIPSTHETA sRTFXsPIDy
3SDSRySFDJY $55Ss ToHLDP sNSTMyNFPTsFLOVIHFEDsNHTMoHHST s AKsBK s CK 9 DK »
H4EK s FKsENLOSENLL sENL2»ENL32vENLGsENVOSENVISENV2sENV3sENVELGsFRACTSFORT
S53EQUI s XsF9GsVPRRyCONLyREFLX 9Bl sDIwTFEDSsLTESTsMTEST NTEST» IHBAL » XNA

6ME+QII+TSR+EQUILY XFED» YFEDsHF LAQD sHFVPR» I TMST s TCON2 IQOTPT»RTX»
7 PIsTOTI»CFDyPOPs» IVPRy IPAGEYN1S1IN» XXX
TEST CONSTANTS VALUE MEANING
IVPR 1 CONSTANT MOLAL OVERFLOW
VPR 2 NON CONSTANT MOLAL OVERFLOW
IFLIP N MAXIMUM NUMBER OF PASSES = 30%*N
I1CON 1 TOTAL CONDENSER
1CON 2 PARTIAL CONDENSER
1DHDP 0 ALL TRAYS HAVE SAME HOLDUP READ 1 CARD
1DHODP 1 NOT ALL TRAYS HAVE SAME HOLDUP READ
NMAX CARDS
I0TPT 1 INTERMEDIATE RESULTS ARE NOT PRINTED
I0TPT 2 RESULTS FROM EVERY 6 PASSES ARE PRINTE
I0TPT 3 RESULTS FROM EVERY 6 PASSES ARE PRINTED

AND TERMINAL COMPOSITIONS ARE PRINTED
EVERY PASS

95

0163
0l64
0165
0l66
0167
oléd
0169
0170
0171
0172
0173
0174
0175
0176
0177
o178
0179
0180
018l
olez
0l83
0184
0185
0l86
0187
oles
0189
0190
0191
0192
0193
0194
0195
0196
0197
0198
0199
0200
020l
0202
0203
0204
0205
0206
0207
0208
0209
0210
0211
0212
0213
0214
0215
0216



(a¥aXaXaNaXal

%07

821
209

22
23

21

25
24

45

102

CALL
CALL
CALL
CALL
CALL
CALL
MVPR=0
KBY=0

CALL
T(HMAX) =TT

CALL CNVRG(ICON)
NXX=HMAX

FEED CONDITIONS FOR FEED N
ITMST(N)
TTMST(N)
ITMST(N)
ITMST(N)
ITMST(N)

WP WA -

‘TPAGE=0

N1S1N=0

NIN=5

MOUT=6

CALL REDIN{ICON)

ICON=1CON

NMAX=NMAX

IVPR=IVPR
IOTPT=IOTPT

GNRL
DATA{ICON)
XFEED
FRSTX

FRSTT
FSTVP{ICON)

IHBAL=]

LOP=0
JJMp=1

IF{TCON}B821,9094B21
T{NMAX)=TCON

DO 4 KB=1%30
KBY=KBY+]
MYPR=MYPR+1

LTEST =0

MTEST=0

NTEST=0

CALL XVAL(ICON)
GO TO(2122)s1CON

IF{TCON)23+23,21

TT=T{NMAX)

IRD1=0
BUBPTINMAXsTToINDIoXX)

IF(TCON)24+24225

NXXaNXX-1
DO 3 N=1sNXX
TTeTiN}

INDI=0

CALL BUBPTI(NsTTsINDI»XX)

TIN)=TT

GO TO{(40,45)sIVPR

FHBAL =2

GO TO(L101»1021sJdJMP
MyPR=3

ENTHALPY 1S GIVER CALC.
TEMP IS GIVEN CALC,
LOF IS GIVEN CALC.

LOF AND TEMP.

LOF AND ENTHALPY
TEMPs AND ENTHALPY

FEED IS AT OR BELOW BUBBLE POINT
FEED IS AT OR ABOVE DEW POINT

96

0217
0218
0219
0220
0221
0222
0223
0224
0225
0226
0227
0228
0229
0230
0231
0232
0233
0234
0235
0236
0237
0238
0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249
0250
0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263
0264
0265
0266
02617
0268
0269
0270



97

101 NTEST=1 02171
IFIMVPR=3140s41+40 0272

41 MVPR=0 0273
NTEST=0 0274
CALL VPRRT(ICON) 0275

40 JJul 0276
IFILTEST)1908+902+908 0277

902 IF(MTEST)908+903,908 0278
903 JJUMP=2 0279
IFINTEST)9081904+908 0280

904 JJ=2 0281
GO TO 31 0282

908 GO TO(901+31+31)s10TPT 0283
31 LOP=LOP+1 0284
IF{LOP=6 )901433,901 0285

33 LOP=0 0286
CALL OTPT(JJsKBY+ICONI} 0287

GO TO(901+907)sJJ o288

901 CONTINUE 0289
4 CONTINUE 0290
IFLIP=IFLIP-1 0291
IF(IFLIP1906+906+909 0292

906 N6=3 0293
CALL OTPTI(NG6+KBX» ICON) 0294
WRITE OUTPUTTAPE NOUTs6 0295

6 FORMAT(107H #=#%wARNING*###% THIS PROBLEM DID NOT CONVERGEs THE AB 0296
10VE RESULTS ARE NOT A FINAL SOLUTION TO THIS PROBLEM///25H WILL G 0297

10 TO NEXT PROBLEM) 0298
GO TO 907 0299
END 0300
= LISTS 0301
* LABEL 0302
CREDIN OsSsUs TRAY BY TRAY 0303
SUBROUTINE REDINI(ICON) 0304
DIMENSION RTFX(3+25) sSDSR(4)+sPID(12)sSFDJI(25) s 0305

1 T(200) +HLDP(200Q) s NSTM(4) »SOF (4) s NFPT(3) 4HFED(3) o NHTM(6) yHHSTIL6) 0306
23AK125)+BKI25)9CKI25)9DK(25)+EK(25)sFK(25) sENLO(25)sENL1(25)4ENL2( 0307
325) +ENL3(25)sENLA(25) sENVOL25) sENVII25)+ENV2(25)+ENV3125)ENVAI25) 0308
4yEQUI(25) +FRACTI(3)FDRT(3)sX(200525)+F(200+25)4+G(200s25)+VPRR(200) 0309

5:EQUIL(25) sXFED(34+25) s YFED(3+25)4D1(25)+BI125) +XXX(25)TF 0310
GED(3) +XNAME (25,2) sQIT1(25)+555(25)+HFLAD(25) yHFVPR(25)+ 1 TMST(3)sRTX 0311
T(3)sP1(5+25)sTOTI(25)+CFD(25)+POP(25) 031lz2
COMMON NOUT yNINsSMFDsDSPECsDOF s IDSMsNSTMS» SOF sNFDS» IMAX s NMAX » 0313
1TMAX» TMINSBETAsDELT»ALIMLIsALIM2yALIM3 yAL IM& sALIMS sALIMEsALIMT yALIM 0214
2B sNHTMSsPRESS s IDHM, QREBsBTMSsSMSTs IFLIP»THETA sRTFXsPID» 0315

35DSRSFDJ 95553 ToHLDP sNSTMyNFPToFLOV s HFED sNHTMyHHST » AK9BK s CKsDK» 0316
LEKyFKIENLOSENLLWENL2sENL3»ENL4sENVOSENVISENV2ENV3IENV4sFRACTFDRT 0317
53sEQUI sXsF sGsVPRRICON] sREFLXsBLl +DI s TFEDLTESToMTESTeNTEST+ IHBAL » XNA 0318

EMEsQIIsTSRyEQUI LY XFEDsYFEDsHFLQD sHFVPR» ITMST»TCON+ IOTPTsRTX» 0319
7 P1+TOTI»CFDsPOPsIVPRyIPAGE sN1SINs XXX 0320
READ INPUTTAPE NINs1OO»(PID(I)sl=1+12) 0321
100 FORMATI(12A6) 0322

READ INPUTTAPE NINslsALIMIsALIM23ALIM3,ALIMLALIMS ALIMEsALIMTSALI 0323
1M8,» TCON 0324



70
71
72
713
T4
75
76
77
78
79
8o
81
82
83
84
85

2
5

67
105
106

CRTFX(CLLL T ) =RTX(LL)

10
103
104

46
107

108
20

IF(ALIML)ITO.70471
ALIM1#0.001
IF(ALIM2)72472+73
ALIM2=0.0001
IF(ALIM3)74,744+75
ALIM32040001
IF(ALIMG) 76276477
ALIM4=0,001
IF(ALIMS5)78,78+79
ALIM5%0,001
IF(ALIM6)80,80,81
ALIME=0,0001
IF(ALIM7182,82,83
ALIM7=20.001
IF{ALIMB)B4 84485
ALIM8=10.0

READ INPUTTAPE NIN»3sTMAXs TMINSBETAREFLXsPRESSsDOFsDELT

FORMAT(7FB8e5)
FORMAT(9FBe6)

READ INPUTTAPE NIN92 sNSTMSsNHTMSsNFDSsIFLIPsICONs IMAXs IDHDPsIOTPT,

1IVPR sy NMAX
FORMAT(913+14)
IF{NSTM5) 6646645
DO 4 KK=1y9NS5TMS
K= NSTMS ~KK+1

READ INPUTTAPE NINy6sNNeSOF (K)

NSTMIK)=NMAX~NN
FORMAT(14+F845)
CONTINUE
IF(NHTMS)67+6718
DO 7 LL =1sNHTMS
L=NHTMS-LL+1

READ INPUTTAPE NIN»GsNNsHHST(L)

NHTM{L) aNMAX-NN
FORMAT(143E1448)
CONTINUE

DO 10 I=1sIMAX

READ INPUTTAPE NINy106s (RTX(K) oK=103) s (XNAME(1sJ) sJ=1s2)

FORMAT(3F8a512A6)
DO 10 LL=1sNFDS
LLL=NFDS~LL+1

CONTINUE
DO 46 KK=1sNFDS
KasNFDS-KK+1

READ INPUTTAPE NIN, 104’NNa!TMST(K!nPFED(K)sFRACT(K)-TFED(KJ

NFPT{K)=NMAX~NN
FORMAT(2144+3FBob)
CONTINUE

DO 20 I=1s1IMAX

READ INPUTTAPE NINs10B8sAK(1)aBK(I)sCK(I1)sDK(I)»EK(I)sFKI(])

FORMAT(6EL1246)
CONTINUE
DO 21 I=1sIMAX
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0325
0326
0327
0328
0329
0330
0331
0332
0333
0334
0335
0336
0337
0338
0339
0340
0341
0342
0343
0344
0345
0346
0347
0348
0349
0350
0351
0352
0353
0354
0355
0356
0357
0358
0359
0360
0361
0362
0363
0364
0365
0366
0367
0368
0369
0370
0371
0372
0373
0374
0375
0376
0377
0378



99

READ INPUTTAPE NINo22+ENLOCI) oENLL(T)9ENL2(TI)2ENL3(1)oENLL(T) 0379

READ INPUTTAPE NIN»22+ENVO(L) sENVLIII) oENV2(T)sENVILIDsENVE(I Y 0380

22 FORMAT(5E1246) 0381

21 CONTINUE - Q382
IF(IDHDP)13,13»11 0383

13 READ INPUTTAPE NINo14yHLOP(1) 0384

14 FORMAT(F841) 0385

DO 15 N=1sNMAX . 0386

15 HLOP(N)=HLDP(1) ~ 03e7

GO TO 16 0388

.11 DO 33 NN=1»NMAX 0389
N=NMAX~NN+1 0390

33 READ INPUTTAPE NINs145oHLDP(N) 0391
145 FORMAT(F8e1) ' 0392
16 CONTINUE 0393
RETURN 0394

END 0395

* LisT8 0396
* LABEL 0397
CDATA O+sSelUs TRAY BY TRAY 0398
SUBROUTINE DATA(ICON) 0399
DIMENSION RTFX{3925)9SDSR{4)sPID(12)»SFDI(25) 0400

1 T(200) yHLOP (200) sNSTM(4) 9 SOF (4) sNFPT(3) sHFED(3) sNHTM(6) yHHST(6) 0401
29AK(25) 9BK(25) sCK(25)9DK(25)9EK(25)sFK(25) sENLO(25)sENL1L25) »ENL2Y 0402
325)+ENL3(25)9ENL4(25)ENVO(25) sENV1(25)9ENV2(25) +ENV3(25)9ENV4(25) 0403
49EQUIL25) sFRACT(3)sFDRT(3)sX(200+25)+sF(200+25)9G(20025) »VPRR(200) 0404

5sEQUIL(25) s XFED(3+25) s YFED(31+25)9D1(25)9BI(25) 4 XXX(25)sTF 0405
6ED{3) s XNAME (2532) sQI1(25)9S55(25)sHFLQD(25) ¢HFVPR(25) s ITMST{3)sRTX - 0406
Ti3)1ePI(5125)9TOTI(25)+CFD(25)+sPOP(25) : 0407
COMMON NOUT 9NINySMFD 4DSPEC sDOF 4 IDSMsNSTMS» SOF sNFDS s IMAX ¢ NMAX o 0408
1TMAX s TMINSBETA»DELTsALIMIvALIMZ20ALIM3sALIM4 ALIMS »ALIM6sALIMT SALIM 0409
28 ¢NHTMS s PRESS » IDHM, QREBsBTMSsSMSTs IFLIP»THETA sRTFXsPID, 0410

35DSRs SFDJ 8SSSs TsHLDP sNSTMsNFPTsFLOV s HFEDsNHTMsHHST »AKsBK s CKs DK » 0411
LEKsFKoENLOPENLIvENLZvENLISENLGYENVOSIENVIIENV2Z2IENVISENV4L,FRACT»FDRT 0412
5yEQUIsXsF sGoVPRRyCON1sREFLX9sBI sDIsTFED9L TEST+MTESTsNTEST» IHBAL 3 XNA 0413

6MEsQII+TSReEQUILY XFEDsYFED»HFLQD sHFVPR s ITMST o TCONSIOTPTsRT X » 0414
7 PIsTOTI»CFDsPOPs IVPRs IPAGE+N1ISIN» XXX 0415
CALL PAGE 0416
WRITE OUTPUTTAPE NOUT»1 0417
1 FORMATIS5H DATA) 0418
WRITE OUTPUTTAPE NOUT»3sALIM1sALIM2ALIM3sALIMASALIMS sALIMEALIMT 0419
1ALTMB 0420

3 FORMAT(37H LIMITS FOR CONVERGENCE OF DEW POINT=sFB8e6/25X924H CONVE 0421
1RGENCE SUBROUTINE=sFB8.6/25X921H COMPOSITION PROFILE=»F846/25X921H 0422
2TEMPERATURE “ROFILE=+FB866/25Xs15H VAPOR PROFILE=+F846/25Xs14H BUBB 0423
3LE POINT=sFB8s6/25X921H LOF FOR FLASH FEEDS=»F8,6/25X934H ENTHALPY 0424
4BALANCE FOR FLASH FEEDS=+FBe4) 0425

WRITE OUTPUTTAPE NOUTs4sNSTMSsNHTMSsNFDS+IFLIP» IMAXoNMAX s ICON 0426

4 FORMAT(24H NUMBER OF SIDE STREAMS=3,13/10Xs15H INTER COOLERS=13/10X 0427
1s7H FEEDS=213/10Xs11H PASSES/30=»14/10X+12H COMPONENTS=413/10Xs41H 0428
2 STAGES INCLUDING CONDENSER AND REBOILER=sI4/19H TYPE OF CONDENSER 0429
3=}3) 0430

WRITE OUTPUTTAPE NOUTs5:TMAXsTMINSBETAWREFLXsPRESS» DOF #DELT 0431

5 FORMAT(6H TMAX=sF843/6H TMIN=9F8e3/20H CONVERGENCE FACTOR=3F604/20 0432



1H REFLUX RATIO (V/F)=F8.5/10H PRESSURE*F843/19H RATIO OF D OVER F=
2F8e¢6/15H TIME INTERVAL=F10s5)
GO TO(60+61)1sIVPR
61 WRITE OUTPUTTAPE NOUT»67
GO TO 70
60 WRITE' QUTPUTTAPE NOUT4+66
66 FORMAT(26H CST MOLAL O/FL 1S ASSUMED)
67 FORMAT(28H NON CSTe MOLAL O/FL ASSUMED)
70 IF{TCON}1621629163
163 WRITE OUTPUTTAPE NOUTs164sTCON
164 FORMAT(32H CONDENSER TEMPERATURE IS SET AT Fl0.4)
162 IF(NSTMS)T28+7
7 DO 89 KKz1lsyNSTMS
KeNSTMS~KK+1
MMM=NMAX=NSTMLK)
9 WRITE OUTPUTTAPE NOUT»69K +sMMMsSOF(K)
6 FORMAT!20H SIDE STREAM NUMBER=,14/27H TRAY NUMBER OF SIDE STREAMsI
14/34H RATIO OF SIDE STREAM RATE TO FEEDsF1046)
89 CONTINUE
8 IF{NHTMS)111,111410
10 DO 11 LL=1sNHTMS
LeNHTMS=LL+1
NNaNMAX=NHTM(L)
11 WRITE OUTPUTTAPE NOUT»12sNNsHHSTIL) oL
12 FORMAT(29H TRAY NUMBER OF INTER COOLER=14/24H HEAT REMOVED BY COOL
1ER=3ELl4+87/15H COOLER NUMBER=14)
111 CALL PAGE
. WRITE OUTPUTTAPE NOUT»lé6
16 FORMAT{36H COEFFICIENTS FOR EQUILIBRIUM VALUES)
DO 17 I=1sIMAX
17 WRITE OQUTPUTTAPE -NOUT 18 (XNAME(I2J)sJ=1223 3AK( 1) sBKII)sCK(1)sDK (I
1)9EK(I)sFKLT) -
18 FORMAT(1H »2A632H s5E1244)
CALL PAGE
WRITE OUTPUTTAPE NOUT,19
19 FORMAT(42H COEFFICIENTS FOR LIQUID ENTHALPY EQUATION)
DO 20 I=1sIMAX v
20 WRITE OQUTPUTTAPE NOUT»24s I XNAME(T»J) »J=142) sENLO(T)eENLLI(IDSENL 21U
1)sENL3( 1) pENLG (T
CALL PAGE
WRITE OUTPUTTAPE NOUT,22 . ‘
22 FORMAT(41H COEFFICIENTS FOR VAPOR ENTHALPY EQUATION)
DO 23 I=1sIMAX
23 WRITE OUTPUTTAPE NOUT, Zaa(xNAME(l JIeJ=12) oENVO(I) sENVLI(I)sENV2(]
1)sENVI(T) sENVGLT
24 FORMAT(1H »2A612Xs5E16481}
CALL PAGE
WRITE OUTPUTTAPE NOUT»25
25 FORMAT(22H TRAY HOLDUP TRAY NO)
: DO 26 NN=1sNMAX - ) .
N=NMAX~NN+1
: NNN=NN-1
26 WRITE OUTPUTTAPE NOUTs27sHLDP{N) sNNN
27 FORMAT(1XsF1lats7Xsl4)

100

0433
0434

0439
0440
06441
0442
0443
044h
0445
0446
0447
0448
0449
0450
0451
0452
0453
0454
0455
06456
0457
0458
0459
0460
0461
06462
0463
0464
0465
0466
0467
0468
0469
0470
0471
0472
0473
0474
0475
0476
04717
0478
0479
0480
0481
0482
0483
0484
0485
0486



121

#*
*

CFRST

20

oMW

21

-~ £

23
24

NN=NMAX =1

WRITE OUTPUTTAPE NOUTs+121,NN

FORMAT(19H REBOILER IS5 NUMBER 14/22H CONDENSER NUMBER IS 0)

RETURN

END

LISTS

LABEL
X OsS«Us TRAY BY TRAY

SUBROUTINE FRSTX

DIMENSION RTFX(3+25)+sSDSR(4)sPID(12)sSFDJ(25)»

1 T(200) sHLDP (200 ) s NSTMI(4 ) s SOF (4 ) sNFPT(3) sHFED(3 ) sNHTMI6) s HHST (6)
29AK(25) 9BKI25)19CK(25)9DK(25)9EK(25) sFKI(25) 9ENLO(25)+ENLL1(25)9ENL2(
325) sENL3(25) +ENLS(25) sENVO(25)+ENV1I(25)sENV2(25)+ENV3(25) +ENV4AL25)
4yEQUI(25) +FRACTI(3)4FDRT(3)9X(200+25)9sF(200+25)+G(200+25)+VPRRI(200)
S+EQUIL(25) sXFEDI3925)+YFED(3+25)sDI1(25)9BI(25)sXXX(25)sTF
6ED(3) s XNAME(25+2)9QI1(25)s555(25)sHFLQD(25) sHFVPR(25)sITMST(3)sRTX
T(3)sP1(54+25)1+TOTI(25)»CFD(25)+POP(25)

COMMON NOUT yNINySMFD sDSPEC sDOF s IDSMsNSTMS s SOF sNFDS s IMAX s NMAX 5
1TMAX s TMINSBETAWDELTsALIMIyALIM2sALIM3 sAL IM4 s ALIMS yALIMEALIMT sALIM
28 yNHTMS »PRESS s IDHM » QREB+BTMS+SMST» IFLIPSTHETA 'RTIFXsPID»
3SDSRySFDJ 35553 ToHLDP yNSTMyNFPT»FLOVyHFED yNHTMsHHST 2 AK»BK s CK3DK »
L4EKgFKaENLOWENLL19ENL2ENL3»ENLSGIENVOSENVI+ENVZIENVISWENVLsFRACT+FDRT
SsEQUIsXsFsGsVPRReCONLsREFLXsBI sDI s TFEDSLTESTIMTESTHNTEST s IHBAL » XNA
6ME»QIIyTSRIEQUILY XFEDs YFEDyHF LQDyHFVPRs I TMSTsTCONy IOTPTsRTX
7T PlaTOTIsCFD+POPsIVPR» IPAGEsN1ISIN» XXX

DO 1 I=1,IMAX

BIiI)=0.0

DI(I)=040

DIF=DSPEC

DO 2 I=1,IMAX

DIF=DIF=SFDJI(1)

IF(DIF120+2043

DI(I)=DIF+SFDJI(I)

GO TO 6

DI(I)=SFDJI(I])

CONTINUE

DIF=BTMS

DO & I=1,IMAX

NI=IMAX=1+1

DIF=DIF-SFDJINI)

IFIDIF121+2145

BI(NI)=DIF+SFDJI(NI)

GO T0 7

BI(NI)=SFDJINI)

CONTINUE

DO B8 I=1,1MAX

X(l:1)=BIl(1)/BTMS

IFIX(1s11123+423924

X(1sI)=1+0E-8

X(NMAXs1)=DI(1)/DSPEC

IFIX(NMAX+11)25225,48

X(NMAXsI)=1,0E-~8

CONTINUE

DO 10 K=1sNFDS

101

0487
0488
0489
0490
0491
0492
0493
0494
0495
0496
0497
0498
0499
0500
0501
0502
0503
0504
0505
0506
0507
0508
0509
0510
0511
0512
0513
0514
0515
0516
0517
0518
0519
0520
0521
0522
0523
0524
0525
0526
0527
0528
0529
0530
0531
0532
0533
0534
0535
0536
0537
0538
0539
0540



10

71
11
13

12

15

14

17

16

LaNFPT(K)

DO 10 I=a1,IMAX
X(Lel)sXFEDIKo1l)
NFDSP=NFDS+1

DO 14 K=1,NFDSP
IF(K=1)11971911
N=1 .
GO TO 13
xF(K-NFDSP)26)12!12
N=NFPT(K-1) - -
M=NFPT(K])

" XSTG=M=-N

GO TO 15
NxNFPT(K=1)

M=NMAX

XSTGaM=N

NN=N+1

MM=M=1

DO 14 I=lyIMAX
DEL=(X(MsI)~X(Ns1))/XSTG
DO 14 L=NNsMM
X{LsI)=X(L=1s1)+DEL

DO 16 N=1sNMAX

L S5UM=0.0

DO 17 I=1sIMAX
SUM=SUM+X(Ns 1)

DO 16 I=1,IMAX .
X(N-I)=X(Ntl)/SUM

- CALL PAGE

LU=l
DO 81 M=1+NMAX
NaNMAX-M+1

- NSaM-1

32
33

31
131

141

121
151
111
161
171

181
81

IF(N-1131+32,31

WRITE OUTPUTTAPE NOUT»33 . ’ : o
FORMAT(34H. INITIAL COMPOSITIONS IN REBOILER):
GO TO 111 - . .
XF(N—NMAX)12191319121

CALL PAGE

WRITE OUTPUTTAPE NOUT;IQI

FORMAT(34H INITIAL COMPOSITION IN, CONDENSER)
GO TO 111 i

WRITE OUTPUTTAPE NOUT 1519NS

FORMAT(29H INITIAL COMPOSITION OF TRAY s14).
WRITE OUTPUTTAPE NOUTslé61l

FORMAT(23H - COMPONENT - LIQUID MF)

DO 171 I=1sIMAX

WRITE OUTPUTTAPE NdUT,laln(XNAME(E.J)sJ l.zs.xan,xn.:

FORMAT(1H 92A6’F10 6)
CONTINUE

RETURN

END .

LISTS

LABEL

102

0541
0542
0543
0544
0545
0546
0547
0548
0549
0550
0551
0552
0553
0554
0555
0556
0557
0558
0559
0560
0561

0562

0563
0564
0565
0566
0567
0568
0569
0570

.0571

0572



CFSTVP O«SeUe TRAY BY TRAY

#
*

S OowWm

514

SUBROUTINE FSTVPIICON)

DIMENSION RTFX(3925)9SDSRI4)sPID(12)+SFDJI25)»

;! T(200) ¢HLDP(200) s NSTMI4 ) 9 SOF (&) yNFPTI(3) yHFED(3) sNHTM(6) yHHST(6)
20AK(25)¢BK(25) 2CK(25)+sDKI25)+EK(25) +FKI25) yENLO(25)9ENLLI25) sENL2I
325) vENL3125) sENLG(25) sENVOI25)+9ENVI(25)+ENV2(25) sENVI(25) 9ENV4L(25)
49EQUIT25) +FRACTI(3) oFDRTI13)9X1200+25)»F(200+25)+G(200+25)sVPRR(200)
S»EQUIL(25) sXFED(3425)9YFED(3+25)9D1(25)+BI(25)sXXX(25)+TF
6ED(3) + XNAME (25+2) +QI1(25)9555(25)sHFLQD(25) ¢HFVPR(25) 9 ITMSTL3)RTX
TU3)sP1(5+25)sTOTI(25)+CFDI25)+POP(25)

COMMON NOUT sNINsSMFDsDSPECYDOF » IDSMsNSTMS» SOF ¢+ NFDS» IMAX s NMAX »
1TMAXs TMIN+BETASDELTsALIMLIsALIM2ALIM3 AL IMG s ALIMS sALIMEsALIMT sALIM
28 sNHTMS +PRESS s IDHM QREBsBTMSs SMST» IFLIPsTHETA sRTFXsPID»
35DSR»SFDJ 3555 ToHLDP sNSTMaNFPT s FLOV sHFEDsNHTM s HHST s AK s BKsCKosDK »
GLEKsFK2ENLOYENLLSENLZ2 sENL3sENL4»ENVOLENV1SENV2sENV3ISENV4SFRACT#FDRT
S+EQUIsXsF1GoVPRRsCONLyREFLXsBl oDI s TFEDWLTESTWMTESTsNTEST» IHBAL » XNA
6MEQII»TSRHEQUIL XFEDsYFEDsHFLQD yHFVPRy I TMSTs TCONs IOTPTsRT X s
T Pl1sTOTI»CFDsPOP»IVPRy IPAGEsNLISINs XXX

IHBAL=0

GO TO(2s1)»ICON

VPRR (NMAX ) =DOF #SMFD

GO TO 3

VPRR(NMAX)=0s0

MM=NMAX~-1

VPRR(MM)=REFLX*SMFD

DO & J=2 MM .

K=MM-J+1

DO 5 N=1,NFDS

IFIK=NFPTIN))5+Ts5

VPRR{K)=VPRR(K+1)=(1«0-FRACTI(N) )*FDRT(N)

GO TO &

CONTINUE

VPRRIK)=VPRRIK+1)

CONTINUE

DO 514 N=1sNMAX

CONTINUE

RETURN

END

LISTS

LABEL

CFRSTY OsSels TRAY BY TRAY

C

SUBROUTINE FRSTT

CALCULATION OF FIRST TEMPERATURE PROFILE

DIMENSION RTFX(3425)+SDSR(4)sPID(12)sSFDJIL25) s
1 T(200) yHLDP(200) yNSTM(4 ) 9 SOF (4) sNFPT(3) sHFED(3) sNHTM(6) s HHST(6)
2+AK(25)+BKI125)9CKI(25)sDKI25)2EK(25)9FKI25) +ENLOI25)+ENLL1I25)+ENLZI
325) sENL3(25) sENL4(25) »ENVOL25) sENV1I(25)9ENVZ2(25)+ENV3(25)+ENVELZ5)
43EQUI25) yFRACT(3) 4FDRT(3)sX(200+251F(200+25)+G1200+25)sVPRR(200)
5,EQUIL(25) yXFED(3+25) s YFED(3+25)sD1125)4BI(25)sXXX(25)»TF
G6ED(3) s XNAME (25+2)9Q11(25)9555(25)sHFLQD(25)+HFVPR(25)sITMSTI3)sRTX
Ti3)sPI(5925)+T0TI(25)+CFD(25)+POP(25)

COMMON NOUT sNIMsSMFD yDSPECsDOF s IDSMyNSTMS s SOF sNFDS » IMAX s NMAX »
1TMAX s TMINsBETA»DELToALIMLyALIM2,ALIM3 sAL IM4 s ALIMS »ALIMESALIMTsALIM
28 s NHTMSsPRESS s IDHM QREByBTMSs SMSTH IFLIPSTHETA sRTFXsPIDs

103

0595
0596
0597
0598
0599
0600
o601l
0602
0603
0604
0605
0606
0607
0608
0609
0610
0611
o6l2
06l3
0614
0615
0616
0617
0618
0619
0620
0621
0622
0623
0624
0625
0626
0627
0628
0629
0630
0631
0632
0633
0634
0635
0636
0637
0638
0639
0640
0641
0642
0643
0644
0645
0646
0647
0648



12
11

651

1

oW o=

CGNRL

3SDSRsSFDJ #5559 TsHLDP yNSTMeNFPT+FLOV sHFED sNHTMsHHST s AK s BK s CKsDK »
4EKsFKoENLOSENL]sENL2sENLISJENL4ENVOSENVIIENV2+ENVILENVAFRACT+FDRT
S+EQUI o XsF 9GoVPRRyCONL1sREFLXsBI oDl s TFEDsLTESToMTESTsNTEST s IHBAL » XNA
EME+QIl+TSRYEQUI L XFED»YFEDsHFLQD +HFVPRs ITMSToTCONs IOTPT+RT X »
7 PI»TOTI+CFDsPOP»IVPRyIPAGEsN1SINs XXX

TT=TMIN

INDI=0Q

JK=1

CALL BUBPTLJK»TToINDI»XX)

T(LI=TT

TREB=TT

KJ=NMAX

IFITCON)I11»11012

KJ=KJ=-1

TINMAX)=TCON

CALL BUBPTIKJsTTINDIsXX)

TTOP=TTY

XMAX=KJ~1

DELTT=(TREB=TTOP)/XMAX

DO 651 N=2sKJ

XNO=N

TIN)=TREB-DELTT#*XNO

CONTINUE

CALL PAGE

WRITE OUTPUTTAPE NOUT»1

FORMAT(28H INITIAL TEMPERATURE PROFILEs/4Xs21H TRAY TEMPERATUR
1E)

NM=NMAX -1

DO 2 M=1,NMAX

L=M~1

N=NMAX-M+1

WRITE OUTPUTTAPE NOUT#3sLsTIN)

FORMATI(1H »15sF1445)

CONTINUE

NN=NMAX-1

WRITE OUTPUTTAPE NOUT»9sNN

FORMAT(20H CONDENSER IS TRAY 0/17H REBOILER IS TRAYs13)

RETURN

END

LISTS

LABEL

Os5«Us TRAY BY TRAY

SUBROUTINE GNRL

DIMENSION RTFX(3925) 9SDSR(4)sPID(12)+5FDJI(25)

1 T(200) sHLOP(200) s NSTMI(4) s SOF (4) sNFPT(3) sHFED(3 ) sNHTM(6) sHHST(6)
22AK (251 9BK(25) +CK{25)+DK(25) sEK(25) sFK(25) yENLO(25)2ENLL(25)sENLZ(
325)sENL3(25) sENLG(25) sENVO(25) sENV1IL25) sENV2(25)+sENVI(25) +ENVA(25)
4yEQUIL25) sFRACTI(3) +sFDRT(3)sX(200+25)+F(200925)+G1200+25)+VPRR(200)
S5»EQUILL25) sXFED(3s25) o YFED(3925)9D1(25)sBI125) s XXX(25)TF
GED(3) o XNAME(25+2)+Q11(25)+555(25)sHFLQAD(25) sHFVPRI25)+ITMST(3)sRTX
T(3)sP115+25)sTOTIL25)+CFDL25)sPOP(25)

COMMON NOUT sNINsSMFDsDSPEC »DOF » IDSMsNSTMS+ SOF sNFDS» IMAX s NMAX »
1TMAX s TMINSBETAsDELTosALIMIsALIM2sALIM3 AL IM&GsALIMS sALIMOSALIMTsALIM
28 sNHTMS sPRESS y IDHM, QREB+BTMSs SMSTy IFLIP»THETA sRTIFXSPIDy

104

0649
0650
0651
0652
0653
0654
0655
0656
0657
0658
0659
0660
0661
0662
0663
0664
0665
0666
0667
0668
0669
0670
0671
0672
0673
0674
0675
0676
0677
06178
0679
0680
0681
0682
0683
0684
0685
0686
0687
0688
0689
0690
0691
0692
0693
0694
0695
0696
0697
0698
0699
0700
0701
0702



*
*

3SDSRySFDJ #5559 ToHLDP 4NSTMyNFPTsFLOV ¢HFED sNHTMsHHST s AKsBK s CKsDK ¢
4EKyFKyENLOWENLY2ENL2+ENL3yENL&2ENVOWENVIZENV22ENV3sENV4sFRACTSFDRT
5+EQUI s XsFsGsVPRRyCONL+sREFLX»BI sDI + TFEDsLTESToMTESTsNTEST s IHBAL » XNA

6ME+QI 12 TSRyEQUI LY XFED# YFEDsHF LAQD sHFVPR s I TMSToTCON» IOTPT+RTX »
7 PIsTOTI+CFDsPOP»IVPRyIPAGEINISIN XXX
SMFD=0.0

DO 1 J=1,NFDS
FORT(J)=0.0

DO 1 I=1,sIMAX
FORT(J)=FDRTIJ)+RTFX(Js1)
SMFD=SMFD+RTFX(Js1)
DSPEC=5MFD#*DOF
TSR=0.0

IF(NSTMS) 29243

DO 4 N=1sNSTMS
SDSR(N)=SMFD*SOF (N)
TSR=TSR+SDSRIN)
BTMS=SMFD~-TSR-DSPEC
DO & J=1,4NFDS
CONTINUE

DO 9 I=]1,IMAX
SFDJ(1)=0.0

DO 9 N=1,NFDS
SFDJ(1)sSFDJILII+RTFX(Nel)
RETURN

END

LISTS

LABEL

CXFEED D«5sUs TRAY BY TRAY

aRalalalal

SUBROUTINE XFEED

DIMENSION RTFX(3+25)+SDSR(4)sPID(12)+SFDJI(25)»

1 T(200) sHLOP(200) sNSTM(4 ) s SOF (4) sNFPTI(3) +HFED(3) sNHTM(6) yHHST(6)
23AK125)9BKI25)9CK(25)»DK(25) sEK(25) »FKI25) 2ENLO(25)sENLL1I25)+ENL2I
325) »ENLI(25) +sENL4(25) sENVOI25) yENV1II25) 9 ENV2(25) »ENV3(25) sENV4AI(25)
49EQUI(25)sFRACTI(3)sFDRT(3)sX(200+25)sF(200+25)+G(200s251sVPRR(200)
S.EQUIL1(25) sXFED(3+25)sYFED(3+25)9D1(25)+sBI(25)sXXX(25)»TF
6ED(3) 4 XNAME(2542)+011(25)5555(25)sHFLAD(25) sHFVPR(25)»1TMSTI(3)sRTX
Ti319PI(5425)19TOTI(25)4CFD(25)sPOP(25)

COMMON NOUT #NIN+sSMFDsDSPECsDOF » IDSMsNSTMS» SOF sNFDS» IMAX s NMAX s
1THMAX s TMINSBETAPDELTsALIMLsALIM2yALIM3 AL IM4ALIMS s ALIMESALIMT sALIM
2B sNHTMS sPRESS s IDHM QREBsBTMSsSMST IFLIPSTHETA sRTFX+PIDy»
3SDSR,SFDJ 15553 ToHLDP sNSTMaNFPT s FLOV yHFED sNHTM s HHST s AK»BK s CKs DK »
LEK sFK9ENLOSENLLsENLZ2sENL3sENLLsENVOSIENVISENV2+ENV3IsENV4LsFRACT»FDRT
S3EQUI s XsF sGsVPRRyCONL W REFLX+BIsDI s TFEDsLTEST+MTESTsNTEST» IHBAL » XNA
EMESQII»TSRYEQUILy XFEDsYFEDsHFLAD sHFVPR s ITMST+ TCONS IOTPTsRTX»
7 PIsTOTI sCFDsPOPs IVPR; IPAGEsSN1SINs XXX

25 FORMAT(46H MAXIMUM NUMBER OF TRIALS EXCEEDED FOR FEED~ 15917H

IWILL CALL EX!T)

1001 FORMAT(47TH FEED SPECIFIED OUTSIDE OF FLASH RANGE FOR FEEDs13)

ITMST=1 ENTHALPY 1S GIVEN CALCULATE LOF AND TFED
ITMST=2 TFED IS GIVEN CALCULATE LOF AND HFED
ITMST=3 LOF IS GIVEN CALCULATE TFED AND HFED
[TMST=4 FEED IS5 AT OR BELOW BUBBLE POINT

ITMST=5 FEED IS AT OR ABOVE DEW POINT

105

0703
0704
0705
0706
0707
0708
0709
0710
0711
0712
0713
0714
0715
0716
0717
0718
0719
0720
0721
0722
0723
0724
0725
0726
0727
0728
0729
0730
0731
0732
0733
0734
0735
0736
0737
0738
0739
0740
0741
0742
0743
0744
0745
0746
0747
0748
0749
0750
0751
0752
0753
0754
0755
0756



920
1920
921

401

863
601

867
891
403
406
407
408

790

404
410
411
862

IF FEED ENTHALPY IS5 TO BE COMPUTED FOR OPTIONS 4 OR 5 READ

ENTHALPY AS 0.0
INDI=1
DO 101 N=1sNFDS

‘JRJI=1

IF(TFED{N))1921,920,4921
IF{HFED(N) 1921919209921

JRJIE2 :

HFLQD(N} =040

HFVPR(N)=0es0

BLOT=0,0

ALOT=1,0

JHE=ITMST(N)

DO 401 I=1sIMAX
XFED(N»I)=RTFX{Ns1)/FDRTI{N)
YFED{Ns 1) =XFED(NsI)

TT=TMIN

CALL BUBPTINsTTsINDI»XX)
TBUB=TT

Tl=TT .
CALL DEWPTUINsTTsINDIsXX)
TDEP=TT

T2=TT

JFD=5

JPH=2

CALL ENTHL(JUFDsHVPRyJPHsTTeN}
HVPR2sHVPR

TT=T1

JPH=1

CALL ENTHL(JFD+HLQD 3y JPHyTTsN)
HLQD1=HLQD

GO TO(402:402+402+6863+863)sJHE
IF(JHE=-5)186796019867
FRACTI(N)=Qs0

GO TO 891

FRACT(N)=1s0

GO TO(402+4023402+4035404) s JHE
IF{TFED(N)Y)406+406,407
TFED(N)=T1
IF(HFEDI{N)1790+408,790
TT=TFED(N)

JPH=]

CALL ENTHUL{JFDWHLQD» JPHaTToN)
HFED(N)}=HLQD

HFLQD(N)=HFED{N)

HFVPR{N)=0.0

GO TO 412

IF{TFEDIN) 141154104411
TFED{NY=T2
IF{HFED(N))791+8624791
TT=TFED(N)

JPH=2

CALL ENTHLIJFDsHVPRy JPHTToN)

" HFED (N) =HVPR

106

0757
07158
0759
0760
0761
0762
0763
0764
0765
0766
0767
0768
0769
0770
0771
0772
0773
0774
0775
0776
0777
0778
0779
0780
0781
0782
0783
0784
0785
0786
0787
0788
0789
0790
0791
0792
0793
0794
0795
0796
0797
0798
0799
0800
0801
0802
0803
0804
0805
0806
0807
0808
0809
0810



791
412

760

161
409

402
413
417

416
418

414
420

419
421

415
492
422
423
425
426

424

427
431
430

433

436"

436

437

434
440

441

432

"HFVPR(N)=HFED (N)

HFLGD(N) =040

TT=TFED(N)-

CALL KVAL(TT)

DO 409 1wlsIMAX

JHE 1= JHE-3

GO TO(760+761) s JHEL
YFED(Ns1)=XFED(Ns 1) #EQUI(I)
GO TO 409
XFED(N+1)=YFED(Ns1)/EQUI(I)
CONTINUE

GO TO 10

GO TO(41394142415) ¢ JHE

IF (HLQD1-HFED(N) 14164174417
JHE=4

GO TO 863

IF (HYPR2-HFED(N) ) 418418,415
JHE=5

GO TO 863

IF(T2-TFED(N) 142044205419
JHE=5 ‘

GO TO 863 :
IF(TFED(N)=T1)421+421561
JHE=4

GO TO 863

KONT=0

GO TO(422+4235424)9JHE
AVGT=(T14T2)/240

GO TO 425

AVGT=TFED(N)

CALL KVAL(AVGT)
AVG=(ALOT+BLOT) /240

GO TO- 427

AVGT=(T1+T2) /240

CALL KVAL (AVGT)
AVG=FRACT(N)

KONT=KONT+1

IF (KONT=50)4305430,431
WRITE OUTPUTTAPE NOUT 25N
CALL EXIT :

CALL FLASHUNsAVGsSUM)
IF(ABSF(SUM)~ALIM71432y432+433

GO TO(434,4344435) o+ JHE
IF{SUM) 43744361436
T1=AVGT

GO TO 424

T23AVGT

GO TO 424

IF(SUMI 44124419440

BLOT=AVG

GO TO 492
ALOT=AVG
GO TO 492
SUML=FDRT (N)*AVG
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0811
0812
0813
0814
0815
0816
0817
0818
0819
0820
0821
0822
0823
0824
0825
0826
0827
0828
0829
0830
0831
0832
0833
0834
0835
0836
0837
0838
0839
0840
0841
0842
0843
0844
0845
0846
0847
0848
0849
0850
0851

- 0852

0853
0854
0855
0856
0857
0858
0859
0860
0861
0862
0862
0864



11

18

65

63

14
15
110
13
501

502
10
922
901

902

SUMV=FDRT (N)~-SUML

TOTX30.0

TOTY=040

BVG=AVG/(1ls0-AVG)

DO 11 I=lsIMAX
V'RTFX(N.I)/(1.0+BVG/EQU1(I))
YFED(Ns 1) =V/5UMV

XFED(Ns [)=(V*BVG/EQUI(I))/SUML
TOTX=TOTX+XFED(NsI)
TOTY=TOTY+YFED(Ns I}

DO 18 1=1sIMAX
XFED{N+I)=XFED(Ns1}/T0TX
YFED(N»I1)=YFED(N»I}/TOTY
CALL ENTHL{5:MLQDs1sAVGTeN)
CALL ENTHL{S5sHVPR»2+AVGTeN)
HFLQD{N})=HLQD
HFVPR({N)=HVPR

HLQD=HLQD*AVG
HVPR=HVPR¥*(140~AVG)

GO TO(64+65965) s JHE
MFED(N)=HLQD+HVPR
H=HFED(N)Y={HVPR+HLQD}

GO TO(63513913)sJHE
1F(ALIMB-ABSF(H)Y)12+12413
IF(H) 14514415

T2=AVGT

IFLG=IFLG+1

GO.TO 110 .

T1l=AVGT

IFLG=IFLG+]

BLOT=040
ALOT=1.0

IF (30~1FLG140 40.415
GO TO(501¢502+50114JHE
TFED(NY=AVGT

GO TO(SOZ:SOZle!pJHE
FRACT(H)=AVG

CONTINUE . _
DTL=(TMAX=TMIN} /7540

SGD TO{9224101)sJRY
GO. TO(101+1014101 901.902)-JHE

T2=TBUB+DTL
T1=TMIN
JPH=] .
GO TO 903
T1=TDEP-DTL
T2= TMAX )

CJPH=2

903

905
908

DO 906 JB=1125.

ABVG=(T1+T2)/2.0

CALL ENTHL(JFDsHs JPH+ABVGIN)
IF(ABSF(H~HFtD(N)!*AL1M8)904-90hg905
IF(H-HFED(N))908+904,909

T1=ABVG
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0865
0866
0867
0868
0869
0870
0871
0872
0873
0874
0875
0876
0877
0878
0879
0880
0881
0882
0883
0884
0885
0886
0887
0888
0889
0890
0891
0892
0893
0894
0895
0896
0897
0898
0899
0960
0901
0902
0503
0904
0905
0906
0907
0908
0909
0910
0911
0912
0913
0914
0915
0916
0917
0918



909
906
904
101

40

26

621

622

630

631

620
636

*
*

CFLAS

GO TO 906

T2=ABVG

CONTINUE

TFEDIN) =ABVG

CONTINUE

GO TO 26

WRITE OUTPUTTAPE NOUT»25sN

CALL EXIT

CONTINUE

DO 620 N1=1sNFDS

N=NFDS~-N1+1

LN=NMAX-NFPT(N)

CALL PAGE

WRITE OUTPUTTAPE NOUTs6219N1yHFEDIN) sFRACT(N) »TFED(NI)s»LN

FORMAT(19H CONDITIONS OF FEED#I3/3X+»10H ENTHALPY=3E1648/3X9s5H LOF=
1F10+8/3X»13H TEMPERATURE=#F1l4¢5/21H FEED PLATE LOCATION=14)

WRITE OUTPUTTAPE NOUT«622

FORMAT(17H FEED COMPOSITION/28XyTH LIQUID»38Xs6H VAPOR/10H COMPONE
INT»11X95HMOLES»22X 9 2HMF ¢ 18X » 5SHMOLES » 20X ¢ 2HMF )

Y1=FRACTI(N)

¥Y2=(1«0~-FRACTI(N))

DO 630 I=1»IMAX

YY=XFED(N+1 )*FDRT(N)®*Y1

YVEYFED(N»I )%#FDRTI(N)*Y2

WRITE OUTPUTTAPE NOUT»631 s (XNAME(L s J) s J=192) s YYsXFEDI(NoI)aYVsYFEDI(
INs I)

FORMATI1H 2A64F16eB911XsF10eBy13XsF1l6eBy11XsF1048)

Y22=Y2*FDRT(N)

Y11=YL1®*FDRT(N)

WRITE OUTPUTTAPE NOUT»6369Y11sY22

FORMAT(13XsF16¢8510X+BH 1400000+16X3F1l6+8+10Xs8H 1400000)

RETURN

END

LISTS

LABEL
H O«sSsUs  TRAY BY TRAY

SUBROUTINE FLASH(N»AVGsSUM)

DIMENSION RTFX13425)sSDSRI4)+PID(12)sSFDJI(25)

1 T€200) sHLOP (200) sy NSTM(4 ) s SOF (4) sNFPT(3) yHFED(3 ) oNHTM(6) pHHST 1 6)
2+AK125)sBKI25)sCK(25)sDK(25) +EK(25)sFK(25) +sENLO(25)sENL1(25)sENL2I
325) sENL3(25)+ENLG(25)ENVOL25) 9ENV1I25)+sENV2(25)+ENV3(25)sENV4L(25)
4sEQUIL25) sFRACT(3)4FDRT(3)sX(200+2519F1200+25)+G1200+25)sVPRR(200)
5:EQUIL1(25) yXFEDI3325)sYFED(3+25)9D1(25)9B1(25) +XXX(25)sTF
GED(3) s XNAME(2552) +QI 1125155551251 +HFLAUD(25) yHFVPR(25)+ITMSTI3)sRTX
TL3)sP1(5525),TOTI(25)sCFD(25)»POP(25)

COMMON NOUT sNIN»SMFD sDSPEC sDOF s IDSMaNSTMS» SOF sNFDS» IMAX s NMAX »
1TMAXs TMINBETAWDELTsALIMLyALIM23ALIM3 AL IMG 4ALIMS5 pALIMBALIMTsALIM
2B sNHTMS yPRESSy [DHM, QREBsBTMSs SMST» IFLIPSTHETA sRTFXsPID»
3SDSRySFDJ 35559 TsHLDOP sNSTMyNFPTsFLOVAHFEDsNHTMyHHST s AK 4 BK s CKsDK »
LEK#FRsENLOSENLLsENL2sENL3JENLLENVOSENVISENV2ZIENV3IsENV4FRACTHFDRT
SsEQUI X sFsGoVPRRyCONLsREFLXsBlsDISsTFEDsLTESTsMTESTsNTEST » IHBAL » XNA
GMEs QL1+ TSRyEQUILY XFED»YFEDsHFLQDsHFVPRs ITMST»TCONs IOTPTsRTX»
7 Pl1sTOTI4CFDyPOP» IVPRHIPAGE yN1S1IN» XXX

SUM=040

109



DO 1 I=1,IMAX
XF=RTFX(N»1)/FDRTIN)
SUM=SUM+ (XF®#(1.0-EQUIL1)))/IAVG2(1.0-EQUILI))+EQUILL))

1 CONTINUE
RETURN
END
ol LisTe
* LABEL
CCNVRG OeSeUe TRAY BY TRAY

70

71

131

SUBROUTINE CNVRG(ICON)

DIMENSION RTFX13925) o SDSRI&L) sPID112)eSFDJI(25) e
1 T(200) sHLDP 1200) sNSTM(4) s SOF (&) sNFPT13) sHFED(3) sNHTM(6) s HHST(6)
29AK(25)9BK125)9CK(25)9DK(25)+EK(25) vFKI25) sENLOI25)sENLL1(25)0ENL21(
325)+ENL3(25) 9ENLG(25) 0ENVO(25)sENVLII(25)9ENV2(25) sENV3125)sENV4IL25)
4sEQUI(25) s FRACT(3)yFDRT(3)9sX(200s25)9F(200+25)5G1200+25)sVPRR(200)
S»EQUILI25) sXKFED(3325)sYFED(3+25)sD1(25)+BI(25)+XXX(25)sTF
GED(3) o XNAME (25+2)sQIT1(25)9555(25)+HFLAD(25) sHFVPR(25) s 1 TMST(3)sRTX
Ti3)sPI15s25)sTOTI(25)+CFDI25)sPOPL25)

COMMON NOUT sNINsSMFDsDSPECsDOF s IDSMsNSTMS s SOF sNFDS» IMAX s NMAX »
I1TMAXs TMINsBETAsDELT o ALIMLoALIM2sALIMI s AL IM&sALIMSsALIMEsALIMT sALIM
28 sNHTMS sPRESS s IDHM, QREBsBTMS+SMSTs IFLIP»THETA sRTFXsPIDy
3SDSRsSFDJ 25550 TyHLDP sNSTMyNFPTyFLOV ¢HFEDsNHTMsHHST s AK s BK s CKsDK »
GEKyFKAENLOsENLLIENLZ2»ENL3sENLG»ENVOsENVISENV2IENVISENV4sFRACT»FDRT
5sEQUIsXsF oGy VPRRCONLSREFLXsBI sDI s TFEDsLTESTIMTESToNTEST» IHBAL » XNA

6MEsQII1sTSRyEQUIL XFEDsYFEDosHFLQDyHF VPR ITMST»TCON» IOTPTsRTX»
T PI»TOTI+CFDsPOPs IVPRy IPAGEsN1SINs XXX

LKB=NSTMS+1

NPDS=NSTMS+2

NTIME=0

DO 2 I=1sIMAX
PI(1lsl)=X(NMAX»1)#DSPEC
GO TO(34s70)s1CON
TT=T(NMAX)

CALL KVALITT)
PI(leI)=PI(1s1)*EQUIIIL)
PI(NPDS»1)=X(1s1)*BTMS
IFINSTMS)12+2571

DO 131 J=2,LKB

K=NPDS=-J

L=NSTMIK)
PliJsl)=X(Ls1)®5DSRIK)}
CONTINUE

SUFD=0.0

DO 6 I=1,IMAX
CFDI(1)y=SFDJLI)
SUFD=SUFD+CFDI( 1)

DO 4 K=1,LKB

KXXX=K

KHB=K+1

DO 5 I=1,IMAX
TOTI(I)=0.0

DO 5 KJ=KHBsNPDS
TOTI(I)=TOTILI}+P1(KJsl)
DO 7 I=1sIMAX

110

0973
0974
0975
0976
09177
0978
0979
0980
0981
0982
0983
0984
0985
0986
0987
0988
0989
0990
0991
0992
0993
0994
0995
0996
0997
0998
0999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1o0lo0
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026



101

10
11
14

72
60

61

81

92
31
82

POP{SI=TOTL{§)/PI(KsE)
IF ACCUMULATOR OVERFLOW 817
POP(1)=1,0E+35

-CONTINUE
GO TOt10411, 13,11911.11a.xxxx
:RROD=DSPEC

GO TO 14

MS=NPDS~K

PROD=SDSR(M5)

THETA=1,0

SMI=0.0

DO 15 M=1,50

SMIX=SMI

SMI=0s0

SMI2=0,0

DO 16 I=1sIMAX
IF(POP{1)~140E+35172917972
Q=THETA#POP (I} '

IF ACCUMULATOR OVERFLOW 17,60
Q=1+0+Q

IF ACCUMULATOR OVERFLOW 17461
DItIy=CFD(I)/Q
Q=DI(1)1#POP{I)/Q

IF ACCUMULATOR OVERFLOW 40962
SMIZ=SMIZ2+Q

IF ACCUMULATOR OVERFLOW 60963
SMI=SMI+DI(])

GO TO 16

DI{1)=0s0"

BICI)=CFD¢)-DI(])
IF(SMIZ)122+74422"-

SMIZ=140

lF(ABSF(SMI—PROD) ALIM2)24026023
IF(SMIX-SM1)75+67+75 )
YHET =THETA+(SMI-PROD)/SMI2
IF ACCUMULATOR OVERFLOW 43,76
IF(THET)Y 77578578
THET=THETA/3.0

THETA=THEY :
IF(THETA~1e0E~ 15)40379.79
IF{THETA-1.0E+35)15+15+43
CONTINUE
IF(PROD-SMI)43960a40

- GO T0(96’93)91C0N

TT=TENMAX)

CALL KVAL(TT)

DO 30 .I=1,IMAX
PI(Ks1)=DI(T)
IF(K-1)81s81+31
X(NMAX> 1) =PI (Ksl)/SMI

GO TO(31592) s ICON: -
X(NHAX;I)'X(NMAX.!)/EQUI(HD
IF (K~LKB)32,82+82
PLINPDSs11=BIL])

111

1027
1028
1029
1030

1031}

1032
1033
1034

1035

1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047

© 1048

1049
1050
1051
lo52
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
lo67
1068
1069
1070
1071
1072
1073

1074

1075
1076
1077
lo78
1079
1080



32
83
‘30
35

40
45

84
85

41

87
42

43

44
57

65
200
1007
1009
1008

1002

1001

CXVAL

X{1o1)mBI{E)/7ISUFD=-SMI}
IF(NSTMS)30,30+83
MM=NSTMS~K+2
MM1=NSTM(MM)
X{MM1s1)sPl(Ksl)/78M]
CONTINUE S

DO 35 IslolMAX
CFD(1)=81(1).
SUFD=SUFD-SM1

CONTINUE

GO TO 65

K= XXX

Q=10E35

WRITE OUTPUTTAPE NOUT»200+THETA
NTIME=NTIME+1
IFINTIME-10)84+84444%

DO 41 I=1,IMAX
IF(PI{Ks1)185+41485
IF(PI{K»1)1-Q)B614L 4]
Q=PI{KyI1)

CONTINUE

SMI=Q

ABC=21040%Q °

DO 42 [I=]1,sIMAX
IF(PI(Ks1)~ABCIBT 942942
PI(Kel)={Pl (K, l)+$Ml)
CONTINUE

GO T0 9

KoK XXX+1

GO TO 45

CALL PAGE
KB=-10

NCVG=1

WRITE OUTPUTTAPE NOUT»57
FORMAT(58H PROBLEM CANNOT CONVERGE WILL PRINT RESULTS THEN CALL EX

117T) :

CALL OTPT(NCVG’KB’!CON)
CALL EXIT

.CONTINUE

" WRITE OUTPUTTAPE NOUT.ZOO;THETA

FORMAT{TH THETA=El6.8)

FORMAT{33H CORRECTED DISTILLATE COMPOSITION)
FORMAT (30H CORRECTED BOTTOMS COMPOSITION)
FORMAT(1H TE16.+8)

GO TO(10015100151002)10TPT

WRITE OUTPUTTAPE NOUT»1007

WRITE OQUTPUTTAPE NOUT»1008% (X(NMAXs 1) sI=1»IMAX)
WRITE OUTPUTTAPE NOUT»1009

"WRITE OUTPUTTAPE NOUT’IOOB (X(lol)vl“lslMAX)
"RETURN

END

LisTB

LABEL . R : .
OsSsUs TRAY BY TRAY

112

1081
1082
1083
1084
1085
1086
1087
1088
1089
1090

1091

1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134



jeut
=
o

SUBROUTINE XVAL(ICON) 1135
DIMENSION RTFX{3925)sSDSR(4)osPID{12)sSFDJIL25) 0 1136
1 T(200) sHLDP {200) sNSTM{4) s SOF (4) sNFPT(3) sHFED(3) s MHTM L6} s HHST (6} 1137
2+AK(25)9BK(25) 9CK{25)9DK(25) +EK{25) sFK(25) sENLO(25)ENL1(25) sENL2Y 1138
325) 2ENL3(25)9ENLG(25)»ENVO(25) 9ENVI(25)9ENV2(25)+sENV3(25)+ENV4A(25) 1139
43EQUI(25) o FRACT(I) oFDRT(3)9X(200025)9F(200+25)9G(200025)sVPRR(200} 1140

59EQUIL(25) s XFED(3025)»YFED(3925)9D1(25)9BI(25) »XXX(25)TF 1141
GED(3) s XNAME(2502) 9QI1(25)9555(25)+HFLQAD(25) sHFVYPR(25) s 1 TMST(3)}sRTX 1142
T(3)19P1(5+25)9TOTL1(25)9CFD(25)POP(25) 1143
COMMON NOUT yNIN»SMFD sDSPECHDOF 5 IDSMsNSTMS» SOF e NFDS» IMAX s NMAX » 1144
1TMAX s TMINoBETASDELToALIMI»ALIM2s ALIMI sAL IMGWALIMS sALIMOsALIMT 0ALIM 1145
28 sNHTMS »PRESS » IDHM QREB»BTMS»SMSTH IFLIPsTHETA 'RTFXHPIDy 1146

3SDSRySFDJ »SSS»TIHLOP yNSTMINFPToFLOVIHFED sNHTMo HHST 9 AK9BK»CK2DK s 1147
4EKsFKIENLO'ENLLIENL2 »ENLIJENLGENVOYENVIIENV2sENV3ENVG4sFRACTHFDRT 1148
S5sEQUIsXsFsGyVPRRACONLyREFLXsBI9DIsTFEDSLTESTIMTESTsNTEST» IHBAL s XNA 1149

6MEsQII»TSReEQUILs XFED»YFEDsHFLGD sHFVPRs ITMST4TCONs IOTPTsRTXs 1150

7 PI+TOTIsCFDsPOPsIVPRs IPAGE sNLSIN»XXX 1151
CXXC3BXXB 1152
BXXB=040 : 1153

DO 20 N=1sNMAX : 1156
CALL FLDRT(N+FLDR1,FLDR2} 1155
IF(N-1)100»100+101 1156

101 DO 856 IslsIMAX : ‘ 1157
856 EQUIL(I)=EQUI (I} 1158
100 TTaT(N) o : 1159
CALL KVAL(TT) . : 1160

DO 20 I=1sIMAX _ ’ 1161
DELD=0,0 : 1162
DELB=040 o 1163

79 IF(N=1115192 ) 1164
1 A=0.0 . : , ' ‘ 1165
GO TO 31 - . 1166

2 A=~BETA*DELT/HLOP (N}*(EQUIL(I)*VPRR(N=1)) 1167
31 B=BETA*DELT/HLDP(NI#{EQU] (1) *VPRRIN)+FLDR1}+1e0 1168
IF(NSTMS)301+301+302 ' 1169

302 DO 303 NI=1sNSTMS 1170
IF(N-NSTM(N1))303,3045303 , 1171

304 B=B+BETA#DELT/HLDP{(N)#SDSR(NI} 1172
GO TO 301 : 1173

303 CONTINUE : 1174
301 IF(NMAX-NI353,4 1175
3 C=2040 v : : 1176
GO TO 33 : : 1177

4 C=-BETA¥DELT/HLDP (M)#FLDR2 . 1178
33 CONTINUE 1179
IF (NMAX~N)50556 1180

5 DD=X(MNs11+(1+0~BETAI#DELT/HLDP (N)® (VPRR(N-1)#EQUIL(I)¥X(N-1sF)-VPR 1181
IR(NI¥EQUI (T)#X(Ns1)~FLDRI*X(Ns1)} 1182

GO TO(51,17)¢1CON _ . 1183

51 DELB=BETA®DELT/HLDP(N)*DSPEC 1184
DELD=(1+0~BETA)#DELT/HLDP (N) #DSPEC*X(N+1 ) 1185
DD=DD+DELD 1186

GO TO 17 ‘ : 1187

6 CONTINUE ) 1188



114

IF{N-1)T7+7+808 1189
7 DO=X(NeI)+(1e0~ BETA)'DELT/HLDP(N)'(FLDRZ'X(N+1ol)-VPRR(N)*EQul tn 1190
1#X{Ns1)=FLDR1#X(Ns1)) ] 1191
GO TO 17 . 1192
808 IF(NSTMS)B8+84809 ' 1192
809 DO 16 L=1sNSTMS ' 1194
IF(N=NSTM(L)) 16914516 1195
14 DD=X(N»1)+(1e~BETA)*DELT/HLDP (N)* (VPRRIN-1)#EQUILLI)*X(N=1s[)+FLDR 1196
1ZiX(N+1.l)-vPRR(N)iE0ul (1)%X{Ns )=~ (FLDR1+SDSR(L))I#X(Ns1)) 1197
GO 10 17 1198
16 CONTINUE 1199
© 8 DuX(Ns1)+(140-BETA)#DELT/HLDP (N)*#(VPRR(N~1)®EQUIL(])#X(N=- lol)*FLDR 1200
12%X(N+151)~VPRRIN)#EQUI (1)®X(NoI)~FLDRI®X(N»1)} 1201
DB=0.0 1202
DA=0,0 1203
152 DO 13 K=l oNFDS : . 1204
IF(N-NFPT(K))15+10515% ' 1205
10 DA=DELT/HLDP(N)I#{FDRT(K)*XFED (Ko 1) #FRACT(K)) 1206
15 IF(N=-1-NFPT(K))13s12+13 1207
12 DB=DELT/HLDP(NI#(FDRT(KI®#YFED(Ks1)#(1a0-FRACT(K)}) 1208
13 CONTINUE 1209
34 DD=D+DA+DB o : . 1210
17 CONTINUE 1211
B=B+DELB 1212
MATRIX SOLUTION AND CALCULATION OF X(NsI) 1213
IF(N~1118+18519 1214
18 F(NsI)=C/B L 1215
~ GINsTY=DD/B. o 1216
GO TO 20 ' : , : 1217
19 F(Ns1)=C/(B-ARF (N~-1411) o 1218
: G(Ns11%(DD=A#GIN=14]))/(B~A#F(N-1s1)) 1219
20 CONTINUE : ‘ : - 1l220
- D0 32 Nl=lsNMAX . "~ o 1221
N=NMAX=N1+1 _ - _ 1222
© .'DO 801 lalsIMAX - : . 1223
‘801 XXXCI)=X(N2 1) . 1224
- SUMX=0s0 - e R : 1225
DO 28 T=1sIMAX R , - 1226
IF(NMAX=N)21921+22 o : 1227
21 X(N»>I)=G(N»I) " ‘ . 1228
GO TO 23 : : 1229
22 X(Ns11=G(N» E)=F(NsI)EX(N+To 1) 1230
23 IF(X(Ns1)124924527 - . e N 1231
24 XINeI1=060 L . . ‘ 1232
27 SUMX=SUMX+X{Ns 1) ' ‘ o 1233
" 28 CONTINUE = o S E L ’ 1234
. ‘DO 29 I=1sIMAX Lo ‘ . : 1235
T 29 K(NsII=X(N» 1) /SUMX : v : : . 1236
DO 999 I=1lsIMAX .. ‘ o 1237
AXXA=ABSF {XXX(1)=X(Ns1}) S : . . 1238
: IF(AXXA-BXXB)82,82,83 1239
83 BXXB=AXXA g ‘ 1240
NYX=1 - : 1241

NYZ=N ' o , 1242



82
960
999

32
493
614

616

615

8é

1002

1007

IF(ABSF (XXX (I)=X{Ny 1)) ~ALIM3)999+9605960

LTEST=]

CONTINUE

CONTINUE

NISIN=N1SIN+1

IF(N1S1IN=-6)6151493,493

AXXATABSF {BXXB-CXXC) /CXXC

IF{AXXA=040001)61446141615

LTEST=0

WRITE OUTPUTTAPE NOUTs616

FORMAT(73H MAXIMUM CHANGE IN COMPOSITION ERROR FROM PASS TO PASS 1
1S NOT SIGNIFICANT/S50H WILL SET COMPOSITION TEST AS CONVERGED AND R
2ETURN)

WRITE OQUTPUTTAPE NOUT»86sBXXBsNYXsNYZ

FORMAT(27H MAXIMUM COMPOSITION ERROR=E16¢8s10H COMPONENT»I5,5H TRA
1Y 15)

GO TO(10015100151002),10TPT

CALL PAGE

WRITE OUTPUTTAPE NOUT,1007

WRITE OUTPUTTAPE NOUT»1008s (XINMAXsI)sI=1sIMAX)

WRITE OUTPUTTAPE NOUT»1009

WRITE OUTPUTTAPE NOUT»1008s(X(1lsI)sIalysIMAX)

FORMAT(35H UNCORRECTED DISTILLATE COMPOSITION)

1009 FORMAT(32H UNCORRECTRD BOTTOMS COMPOSITION)
1008 FORMAT{(1H TE1l6.8)
1001 RETURN
END
* LISTS
* LABEL .
CVPRRT : Oe5¢Us TRAY BY TRAY"

[aXaNaXaXal

SUBROUTINE VPRRT(1CON) :
DIMENSION _ RTFX(3525)sSDSR(4)sPID(12)sSFDJIL25)s

1 T(200)-HLDP(ZOO)sNSTM(#)oSOF(#)vNFPT(B).HFED!B)QNHTM(é!.HHSI(&)

2+AK (251 9BK125).9CK(25)sDK{2512EK(25) oFKI25) +sENLO(25)9ENL1{25)sENL2{
325)sENL3(25) sENL4(25)sENVO(25) 9ENV1(25) s ENV2(25)»ENV3{25)9ENVA(25)
4+EQUI(25) sFRACT(3)»FDRT(3)sX(200925)sF(200525)5G(200925)sVPRR(200)
52EQUIL(25) sXFED(3925) 9 YFED(3925)+D1125)sBI(25) s XXX(25) sTF
6ED(3) s XNAME (25+2) sQ11(25)5555(25) sHFLQD(25) yHFVPR(25) s 1TMST(3) sRTX
T(3)sPI(5525)»TOT1425)+CFD(25)sPOP(25)

COMMON NOUT»NINySMFD sDSPECsDOF » IDSMsNSTMS» SOF sNFDS» IMAX s NMAX »
1TMAX» TMIN'BETAYDELT»ALIMLIsALIM2 y ALIM3 AL IM4 s ALIMS s ALIMESALIMT»ALIM
28 sNHTMS » PRESS s IDHM QREBsBTMS»SMSTH IFLIP»THRTA sRTIFXsPIDy
3SDSRSFDJ 3S5SSsToHLDP s NSTMsNFPTsFLOVIHFED yNHTMyHHST ¢+ AKsBKsCK DK »

CHEKSFKSENLOYENLY s ENL2sENL3ENLL s ENVOsENV 1 SENV2,ENV3ENV4sFRACT s FDRT

53EQUI X sF+yGsVPRRCON1yREFLXsBI 4Dl 2 TFEDsL TESTIMTESTONTEST s IHBAL » XNA
6MESGIT»TSRYEQUIL, XFED» YFEDyHFLQDsHFVPRs ITMST s TCONS [OTPT»RTX,
7 PIsTOTICFDyPOP»IVPR,yIPAGE sN1SIN XXX
If ICON=1+TOTAL CONDENSER
IF ICON=2sPARTIAL CONDENSER
FOR INTERCOOLERS
HEAT REMOVER IS {+}
HEAT ADDPED IS (=)
CXXC=0+0
VPRR{NMAX- l)=REFLX*5MFD
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1275
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1279
1280
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22

IFLX=2

DO 22 J=1,2

KaNMAX=~J+1

CALL TDFLD(KsFLDR1sFLDR2s IFLXXFLX)

- TTaT(NMAX)

IFDC=1

GO TO(1s2)s1CON

INC=1

VPRR(NMAX)=0.0

TOP2=T(NMAX)

CALL ENTHL(lFDCaHVALvINCnTT:MMAXD
GO TO 3

INC=2

VPRR (NMAX ) =DSPEC

TOP2=T(NMAX)

CALL ENTHL(lFDCuHVALolNCsTT:NMAX)
HDIST=HVAL#*DSPEC

INC=]

TT=TDP2

J12=NMAX~1

CALL ENTHLOIFDCoHVALSINC»TToNMAX)
HRFX=HVAL* {VPRR(NMAX~1)-DSPEC) :
TT=T(J12)

INC=2

CALL ENTHLIIFDCIHVAL*INC»TT»J12)
HV1=HVAL#*VPRR(J12)
QCOND=HV1-HDIST-HRFX
HFLX=QCOND+HDIST

DO 4 J=34NMAX

71

72

w On

73

K=NMAX~J+1

BXXB=VPRR(K) :

CALL TDFLD(KoFLDRloFLDRZoIFLXpXFLX)
KlaK+1

TT=T(K1)

INC=1

CALL ENTHLUIFDCoHLGD s INCsTToK1)
IF({NSTMS)595,71

DO 6 M=1,NSTMS

LENSTM(M)

KlzaK+1

IF(K1-L16+72+6

INC=1

TT=TiL)

CALL ENTHLUOIFDCoHVALINCsTTsL)
QSTM=HVAL®SDSR{M)
HFLX=HFLX+QSTM

GO TO 8

CONTIKUE

DO 7 M1=1sNFDS

M=NFDS~M1+1

L=NFPT(M}~1

Lisb+l

IF{K~L1}320573+20 -
HFLX=HFLX=1140~FRACT (M) ) *HFVPR{M)*FDRT (M)
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20
T4

75

77
11
10

2003
2002

2005
2004

4001
3001
4002
3002

2007

2010
2011

2001

81

83
40

41

101

IFIK=L)TsTé4e7

HFLX=HFLX~FRACT(M)#FDRT(M)®*HFLQD (M)
CONTINUE

IF(NHTMS) 104510475

DO 11 KC=1sNHTMS
KD=NHTMS=KC+1

L=ENHTM(KD) =1
IF(K=L)11s77s1l

HFLX=HFLX+HHST (KD}

CONTINUE

VAP=VPRR(K)

Ti=T(K)

T2=T1#T1

T3=T1#72

T4=T1#73

TT=T(NMAX)

SMH1=0,0

5"”2'0.0

GO TO(2002+2003)sI1CON

CALL KVALITT)

DO 2001 IX=1»sIMAX
SMX1=X(NMAXs1X)#DSPEC

GO TO{(200492005)s1CON
SMX1=SMX1#EQUILIX)

DO 3002 J3X=1sNFDS
JeX=NFDS~J3X+1
J5X=NFPT(J4X) +1
IF(J5X~-1-K}13001¢4001+4001
SMX1=SMXL-YFED(J4XsIX)#(120~FRACT(J4X))*FDRT(J4&X)
IF1J5X~-2-K13002+4002+4002
SMX1=SMX1-XFED(J4Xs IX)#FRACT(J&X)#¥FDRT ( Ja4X)

CONT INUVE

HII=ENVO(IX)+ENVI(IX)*T14ENV2(IX)#T2+ENVI(IXI*TI+ENVLIIX)*T4
IFINSTMS)2011+2011,42007

DO 2010 JX=1sNSTMS

KX=NSTMS~JX+1

LXsNSTM(KX) =1

IF(LX=K 12011420104,2010

SMX1=SMX1+X(LX+IX)*SDSRIKX)

SMH1=H1 ] #5MX1+SMH1

N2X=K+1

SMH2=SMH2+X (N2Xs I X ) *#H1

VPRR(K)=XFLX+(HFLX=SMH1)/(SMH2-HLQD)
IFIVPRR(K)1B81,81+82

VPRRIK)=1s0
IFIVPPRIK)=XFLX)1834+83,40

VPRR(K)=XFLX+10

AXXA=ABSF (BXXB=VPRRI(K))
IFIAXXA=CXXClbshrh]

CXXC=AXXA

NB8T79=K

CONTINUE
IF(CXXC~ALIM5)10051005101

NTEST=1
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100
x

*
*

CBuBP

WRITE QUTPUTTAPE NOWT, 44.CXXC9N879

FORMAT(2TH MAXIMUM VAPQR RATE CHANGE=EIQ.B.8H AT TRAYI4)
RETURN

END

LISTS8

LABEL :
T QsSeUe TRAY BY TRAY-

SUBROUTINE BUBPTI(NsTT»INDI »XX) :

DIMENSION RTFX(3925)9SDSR{4)sPID(12)9sSFDJI(25)

1 T(200) sHLDP (200)sNSTM(4) s SOF (4) sNFPT(3) sHFED(3) sNHTM(6) s HHST(6)
2+AK125) eBK(25)9CK(25)9DK(25) 9EK(25) 9sFK(25) sENLOU25)sENL1(25)sENL2(
325) »ENL3(25) 9ENL&(25)9ENVO(25)+ENV1I(25)9ENV2(25)9ENV3(25)sENVA(25)

“4sEQUI(25) »FRACT(3) +FDRT(3)9X(200s25)»F(200+25)+G(200925)sVPRR(200)

~N

- oveEw

o O o

25

10
11

21
13

S+EQUILL25) s XFED(3925)sYFED(3+25)1sD1(25)9BI1(25)9XXX(25)sTF
6ED(3) s XNAME(25+2)9QT1(25)9555(25)sHFLQD(25)sHFVPR(25)s ITMST13)sRTX
TU3)9P1(5425)9TOTI(25)4CFD(25)9POP(25)

COMMON NOUT sNIN3sSMFDsDSPECsDOF 9+ IDSMsNSTMS ¢ SOF s NFDS s IMAX 9 NMAX »
lTMAXiTMIN'BETA’DELT:ALIMI-ALlMZoALIMB»ALth;ALlMSnALIMé»ALlM?oALlM
28 sNHTMS»PRESS » IDHM QREB»BTMS»SMSTH IFLIP»THETA sRTFXsPID»
3SDSRy SFDJ sSSSaTHHLOP sNSTMsNFPTsFLOVIHFEDsNHTM»HHST » AK s BK 9 CK 9 DK y
4EKsFK9ENLOWENLYI9WENL2 sENL3»ENL4sENVOIENVISENV2IENV3sENV4SFRACTFDRT

5+EQUI s XsFsGoVPRRICONLIREFLXsBIsDI s TFED oL TESToMTESTsNTEST » IHBAL » XNA

6MESQIIsTSRYEQUI LY XFED»YFEDsHFLQD sHFVPRs ITMSTs TCONSIOTPTHRT X
7 PllTOTltCFD'POP'IVPRIIPAGE'NISIN!XXX
J5=0

18=0

JT=2 . .
- SUM=040 -

DO 1 I'IOIMAX

IFCINDI) 29243
SUM=SUM+X (N2 1) -

GO TO 4 ‘
SUM=SUM+XFED{(N»1}
IF(SUM-=0e3)19195
IF(I~1)69697

LOOKE=2

GO TO 8

LOOKE=]

GO TO 8

CONTINUE

T1T=TT

CALL KVALI(TIT)

18=18+1 '
IF(I8~30125425+16

SUM=04+0

DO . 11 I=1»IMAX
IFCINDINI9sT410
SUM=SUM+X{Ns+ 1 ) ®EQUI(T)

GO T0 11
SUM*SUM+XFED(Nvl)*EQUI(I)
CONTINUE

GO TO{13s21)0J7
"IF(ABSF{10- SUM)"ALIM6)12!12»13
AKPRM= EQUI(LOOKE)/SUM
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1414

1415

1416

1417
1418
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1430
1431
1432
1433
1434
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1439
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1442
1443
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1447
1448
1449
1450
1451
1452
1453
1454
1455
1456
1457
1458



71
61
T2
63
62

15

19
17

16
100

12

*
*

CDEwWP

BKPRM-BK(LOOKE)+2.0*CK(LOOKE)*TIT+3.0*DK(LOOKE)*TIT*T1T+4QO*EK(LOO
IKE) ¥ (T1T#%3)+5,0#FK (LOOKE ) #(T1T¥*%4)
19=0
T2‘T1T+(AKPRM—EQUI(LOOKE))/BKPRM
IF(T2=-TMAX 161561571

T5=TMAX

GO TO 63

IF(T2-TMIN} 72072462

TS5aTMIN

J5=J5+1

T2=T5

IF(J5-4)62916462

19=19+1

1IF(19-~ 30)15-15-16-

CALL KVALIT2)

T1=T1T

T1T=T2

IF(ABSF (T2~ Tl)-ALlM6317.17o19
J7=1

GO TO 18

JT=2

GO TO 18

WRITE OUTPUTTAPE NOUT.lOOoNaTlT

FORMAT(47H BUBBLE POINT DID NOT CONVERGE FOR TRAY OR FEED l4s18H W
1ILL SET TEMP, AT F1044513H AND CONTINUE)

TT=T1T

RETURN

END -

LIST8 .

LABEL ‘ _
T 0+SeUs. TRAY BY TRAY

'SUBROUTINE DEWPT(NsTTsINDIsXX)

DIMENSION . RTFX(34+25)sSDSR(4)4PID(12)sSFDI(25)

1 T(ZOO)oHLDP(ZUO)'NSTM(Q)aSOF(4)vNFPT(3)vHFED(B)'NHTM(é)aHHST(bl

29AK{25)sBK(25)sCKI{25)sDK{25) sEK(25) oFKI25) sENLOL25)sENLL1(25)9ENL2(

325)9ENL3(25)9ENLA(25)9ENVO(25)sENVLI{25) s ENV2(25) »ENV3(25)9ENV4L(25)

4+EQUIL25) s FRACT(3) 9FDRT(3)sX (2009251 F (200525} +G(200%25)»YPRR(200}
5+EQUILI25) - . sXFED(3925)»YFED(3325)9D1(25)9B1425)sXXX(25)sTF
6ED (319 XNAME(2592)9Q11(25)3555(25) sHFLQD(I25) »HFVPR{25) s ITMST(3)sRTX
Ti3)sP1(5+251sTOTI(25)+CFD(25)9POP(25) -

COMMON NOUT;NIN’SMFDoDSPECoDOF-IDSM-NSTMS-SOF»NFDS;IMAX-NMAX- .
LTMAX s TMINSBETAIDELToALIMIsALIM20ALIM3 AL IM4»ALIMS vALIMEsALIMT»ALIM

28 sNHTMS s PRESS » IDHMs. " QREBsBTMSsSMSTy IFLIPsTHETA RTFXPID

4EK FK9ENLOSENLLYENLZ2 sENL3sENL4»ENVOSENVISENVZYENV3IsENV4SFRACTSFDRT

3SDSRPSFDJ . #5559 TsHLDPINSTMsNFPTHFLOV sHFEDsNHTMyHHST s AKsBK s CKoDK's

»5!EQUI’XiF!G’VPRR!CONI!REFLX’BI’DIITFEDOLTESTOMTESTONTEST'IHBAL'XNA

3

6MESsQIT»TSRPEQUIL, " XFEDsYFED+sHFLGDsHFVPRy I TMSTs TCON» IOTPTaRTX s

7 PI&TOTIQCFD'POP-lVPRuIPAhEoNlSlNoXXX
J5=

1830

JT1=2 -

SUM=040 : :

‘DO 1 I=1sIMAX

SUM=SUM+YFED(N01)
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1477
1478
1479
1480
1481

© 1482

1483
1484
1485
1486
1487
1488
1489
1490
1491
1492
1493
1494
1495
1496

1497

1498
1439
1500
1501
1502
1503
1504

‘1505

1506
1507
1508
1509

1510

1511
1512



120

4 IFISUM=Qe3) 19145 ‘ : : , ' 1513

S IF(1=1)64697 ' : 1514

6 LOOKE=2 : _ _ _ . 1515
GO TO 8 o 1516

7 LOOKE=l . , 1517
GO TO 8 _ 1518

1 CONTINUE : : 1519

8 TIT=TT : : v 1520
18 CALL KVALIT1T) ‘ 1521
18s18+1 1522
IF(18-30)25+25+16 _ . 1523

25 SUM=0.0 : : : 1524
DO 11 IslsIMAX ' 1525

10 SUMsSUM+YFED(RN+1)/EQUIIT) , 1526
11 CONTINUE ' : v 1527
GO TO(13,21)947 : , 1528

21 IF(ABSF{1e0-SUMI~ALIM&)12+12+13 » 1529
13 AKPRM=EQUI (LOOKE )#*SUM 1530
BKPRM=BK { LOOKE ) #24 0#CK (LOOKE ) #T1T+3 4 O#DK (LOOKE) # (T1T##2) 446 O%EK(LO - 1531
10KE)#(T1T##3) 454 U#FKILOOKE) #(T1TH##4) . 1532
1980 1533
T2-TlT+(AKPRM-EQUI(LOOKE))/BKPRM ‘ P 1534
lFlT2—TMAX)61o6191l 1535

71 TS5=TMAX : : ' : 1536
GO TO 63 : _ - 1537

61 IF(T2-TMIN)IT2+72+62 S ' 1538
72 T5=TMIN _ e — ‘ 1539
63 J53J5+1 1540
T2=T5 : : ' 1541
IF(J5-3)621122462 _ S , 1542

122 T1T3T2 1543
GO TO 16 . ‘ ‘ : . 1544

62 19=19+1 : ‘ 1545
© JF{19-30115515+16 , ' ' 1546
15 CALL KVALITZ) . : 1547
T1=T1T. L _ 1548
T1T=T2 : 1549
IF(ABSF (T2~ T1I=ALIM6)17017919 _ _ ’ : 1550

19 J7=1 , ' 1551
, GO T0 18 . ‘ o 1552
17 J7=2 S : ‘ ‘ , 1553
GO TO 18 ' . 1554

16 WRITE OUTPUTTAPE NOUT»100sNsT1T ' ‘ 1555
100 FORMAT(36H DEW POINT DID NOT CONVERGE FOR FEED»I3+18H WILL SET TEM 1556
. _1Ps ATsF1004s13H AND CONTINUE) 1557
12 CONTINUE. I : 1558
TT=T1T T _ , : ' : 1559
RETURN . . S : : : 1560

END : _ o ' ' : 1561

» LisT8 . . . : : : 1562
* LABEL : ‘ S o 1563
CKVAL " 0eSeUs . TRAY BY TRAY S ‘ S 1564
SUBROUTINE. KVALITT) - . : ' , -~ 1565

DIMENSION = - . RTFX(3025)'505R(4)QPID(IZ)DSFDJ‘zs)' 1566



202

201
204

206

1 T(200) sHLDP (200 ) s NSTM(4) s SOF (4) s NFPT(3) oHFED(3) s NHTM(6) o HHST LS
22AK(25)9BKI25)9CKI25)+DK(25) sEK(25)9FK(25) sENLO(25) sENL1(25)2ENL2(
325)9ENL3(25)sENLA(25)+ENVOL25) vENVLII25)9ENV2(25) vENV3(25) 9ENV4L25)
4oEQUI(25) +FRACTI3 ) oFDRT(3)9X(200925)+F(200+25)9G(200225)sVPRRI(200)
5+EQUILI25) +XFED(3+25) 2 YFED(3525)9D1(25)eBI(25)pXXX(25)sTF
GED(3) s XNAME(25+2)9QI1(25)9555(25)sHFLQD(25) yHFVPRI25) 91 TMSTI(3) sRTX
TE3)sP1(5325)2TOTLI(25)+CFD(25)sPOP(25)

COMMON NOUT sNINsSMFDsDSPECDOF » IDSMsNSTMS» SOF sNFDS» IMAX s NMAX »
LTMAXs TMINSBETAWDELTsALIMLyALIM2sALIM3 AL IMGsALIMS sAL IMESALIMT7 sALIM
28 NHTMS+sPRESS ¢ IDHM» QREBsBTMS+SMSTs IFLIPSsTHETA *RTFXsPID»
35DSR«SFDJ 2 S5SSsToHLDP sNSTMaNFPTsFLOV sHFED ysNHTMoHHST s AKsBK s CKsDK »
LEKsFKsENLOS#ENLLvENL2sENLIsENL4+ENVOSENV1+ENV22ENV3SENV4sFRACTsFDRT
SsEQUI s XoFoGoVPRReCONLYREFLXoBI oDl s TFEDsLTESTsMTESTsNTEST s IHBAL # XNA
G6ME»QII»TSR+EQUI L XFED» YFEDsHF LQD sHFVPRs I TMSTo+TCON+ IOTPTsRTX»
7 PIoTOTIsCFDoPOPs IVPRy IPAGEsN1S1INs XXX

T1=TT

IFIT1-TMAX)201+202+202

Tl=TMAX

TT=T1

IFIT1=-TMIN) 20402044206

Ti=TMIN

TT=T1

T2=T1#T1

T3=T2#T1

T4=T3#*T1

T5=T4%T]

DO 207 I=1»iMAX

207 EQUIL L) =AK( L) +BRUTI®*TI+CRKOL)RT24DK{ L) #T3+EK( L) #T4+FK(])#T5
RETURN
END
* LISTB
» LABEL
CENTHL DeSeUs TRAY BY TRAY

st alalal

SUBROUTINE ENTHLIIFDCsHVAL+INCsTTeN)

DIMENSION RTFX(3+25)+SDSRI4)sPID(12)sSFDJL25)

1 TL200) sHLDP (200 ) sNSTMI4 ) o SOF (4 ) sNFPTI3) yHFED(3) s NHTMIE) s HHST(6)
20AK(25)9BKI25) sCKI25)sDK(25) sEKI25) oFK(25) ENLO(25)9ENLLI25) sENL2I
325) +ENL3(25) +ENL4(25)sENVOI25) sENV1(25) vENVZ2(25) sENV3(25) +ENV4LI(25])
heEQUI(25) vFRACTI3)sFDRT(3)+X(200+25)19F1200+25)+G1200+25)»VPRR(200)
5sEQUILI25) v XFED(3+25)+sYFED(3425)9sD1(25)sBI125) s XXX125)TF
GED(3) o XNAME(25+2)9QI1125)9555(25)sHFLQD(25) sHFVPRI25) 91 TMSTI3)sRTX
Ti3)sP1(5025)sTOTI(25)sCFDL25)sPOPL25)

COMMON NOUT sNINsSMFDsDSPECsDOF s IDSMsNSTMS» SOF sNFDS s IMAX s NMAX »
LTMAX» TMINSBETAWDELTsALIMIvALIM25ALIM3 AL IM4sALIMS »ALIMOEVALIMT sALIM
28 yNHTMS o PRESS s IDHM QREB+»BTMS+SMSTH IFLIPTHETA sRTFXsPI1D>»
35DSRsSFDJ 35552 ToHLOP s NSTMaNFPTsFLOVIHFED sNHTMpHHST s AKsBK s CKsDK »
GEKsFKAENLOSENL1YENL2/ENL3sENLSG+ENVOSENVIIENV22ENVILENVASFRACTSFDRT
SsEQUI o X sF +GoVPRRyCONL sREFLXsBI DI+ TFEDsLTESTsMTESTsNTEST» IHBAL » XNA
6ME+QIJ+TSR*EQUIL» XFED»YFED»HFLQD sHF VPR I TMST s TCON+ IQOTPTsRT X
7 PI+TOT1+CFDsPOP» IVPR» IPAGEYN1SINs XXX

IFDC=5s CALCULATE FEED ENTHALPY

IFDC NE 5 CALCULATE TRAY ENTHALPY

INC=1+CALCULATE LIQUID ENTHALPY

INC=2sCALCULATE VAPOR ENTHALPY
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B

*

C

T1=TT

T2=T1%#T1

TamT2#T1

T4uT3#T]

HVPR=20,0

HLQD=0,.0

GO T0(301,302).INC

301 DO 3 I=1sIMAX

HLQD L= ENLO(l)+ENL1(I)*T1+ENL2(1)*T2+ENL3(1)*T3+ENL4(I)*T4
IF(5-1FDC1303+2+303

2 HLQD=HLQD+HLQDI*XFED(Ns1)
GO TO 3

303 HLQDBHLQD+HLQDI*X(N11)

3 CONTINUE
HVAL=HLQD
RETURN

302 IF(IFDC-5111912s11
11 CALL KVALI(TT)
12 DO 6 I=1sIMAX

HVPRleNVO(l)*ENVl(l)*T1+ENV2(l)*T2+ENV3(I)lT3+ENV4(I)*T4
IF(IFDC-5)305+54305

5 HVPR= HVPR+HVPR1*YFED(N0I)
GO TO 6

305 HVPR= HVPR#HVPRI*X(NQI)*EQUI(l)

6 CONTINUE
HVAL=HVPR .

RETURN,

. END
LIST8
LABEL

CFLBRT = . . OeSeUs TRAY BY TRAY

SUBROUTINE FLDRT(NsFLDR1sFLDR2)
CALCULATION OF LIQUID RATES FOR CONSTANT AND NON- CONSTANT OVERFLOW
DIMENSION -~ - RTFX(3925) sSDSR41sPID{12)sSFDI(25)
1 T6200) sHLDP(2U0 ) s NSTM(4) +SOF L4} sNFPT(3) sHFED(3) yNHTM(6) sHHST (6)
24AK(2519BKI25) sCK(25)9DK(25)9EK(25) 9FKI(25) »ENLOI25)ENL1{25) sENL2(
325) 2ENL3{25)sENLAT25)9ENVO(25) sENVI(25) s ENV2{25)+ENV3(25) ¢+ENV4{25)
4.EQU1(25)’FRACT(3)lFDRTr3)iX(200D25)'r( 004+25)9G(200+25) s VPRR(200)
" S52EQUIL(25) sXFED(3425) o YFED(3925)sD1(25)sBI125) s XXX(25)sTF
6ED(3)’XNAME(25'2)IQII(ZS)DSSS(ZS)lHFLQD(ZS)!HFVPR(ZS)’ITMST(3)!RTX
“T43)1sPL(5425)sTOTI(25)+CFD(25)2POPL25)
- COMMON NOUT sNINsSMFDDSPECIDOF » IDSMsNSTMS» SOF sNFDS» IMAX I NMAX »
1TMAXa TMINSBETA»DELT»ALIMI2ALIMZs ALIM3 sAL IM4»ALIMS s ALIMOSALIMT P»ALIM
28 yNHTMS s PRESS» IDHM QREB»BTMSs SMST IFLIPSTHETA sRTFXsPID»
3SDSRs SFDJ 2SSS5s ToHLDOP sNSTMsNFPToFLOVIHFED sNHTMsHHST sAK»BK »CK2DK)»
LEKsFKYENLOSENLLISENL29ENL3sENLAsENVOSENVISENV2IENV3WENVAFRACT »FDRT
S+EQUI+XsF sGs VPRRoCONLsREFLXsBIs DI s TFEDSLTESTsMTESTWNTEST s IHBAL » XNA
6MEQIT+TSRYEQUILY - XFED»YFEDsHFLQDyHFVPR» ITMST s TCONSTOTPTsRTX
7 PLsTOTIsCFDsPOPsIVPRs IPAGEYNLISINS XXX
IF(N=1)1s192
1 XFLX=BTMS
FLDR1=BTMS
GO TO 3
2 FLDR1=FLDR2

122



#*
*

CTDFL

O wmn

IFINMAX=N)4s5:04

FLDR2=0.0

GO TO &

IFINSTMS) 1141148

DO 9 I=1sNSTMS
IFCN=NSTM(1)19+10+9
XFLX=XFLX+SDSR(1)

GO T0 11

CONTINUE

DO 12 I=1sNFDS
IFI(N-NFPT(I))16013»16
XFLX=XFLX-FDRT(1)®*FRACT(I)
IF(N=1=NFPT(1))12517»12
XFLX=XFLX-FDRT(I)®#(1+0-FRACT(I1))
CONTINVE
FLDR2=XFLX+VPRRI(N)

IF INMAX=1=N)635316

FLDR2=VPRRIN)=-DSPEC

CONTINUE

RETURN

END

LISTS8

LABEL
D 0sSasUs TRAY BY TRAY

SUBROUTINE TDFLDIMeFLDR1+FLDR2sIFLXsXFLX)

DIMENSION RTFX13925)+SDSRE&)sPID(12)sSFDJIL25) ¢

1 T(200) sHLOP(200) s NSTMI(4 ) s SOF (4) sNFPT(3) +HFED(3 ) sNHTM(6) s HHST ()
29AK(25) 9BK(25)sCK125)sDK(25)9EK(25)9FK(25) »ENLO(25)+ENL1(25)sENL2I
325) 9ENL3(25) sENL&I25)sENVO(25) sENVLI25)sENV2(25)ENV3(25)+ENV4I(25)
49EQUI(25) s FRACT(3)sFDRTI(3)eX(200+25)+F(200425)+G(200+25)sVPRR(200)
5+EQUIL(25) s XFED(3925) 2 YFED(3025)sD1(25)1+BI(25)+XXX(25)sTF
6ED(3) s XNAME(25+2)+Q11(25)9555(25)eHFLQDI25) sHFVPR(25)+ITMST(3)RTX
T(3)sP1(5s25)19TOT1125)sCFD(25)+POPL25)

COMMON NOUT ¢NINs SMFD sDSPEC +»DOF » IDSMsNSTMS s SOF sNFDS s IMAX s NMAX »
1TMAX s TMINSBETAWDELT s ALIMLoALIM2sALIM3 AL IM4 o ALIMS s ALIMOEsALIMT sALIM
28 NHTMS+PRESS» IDHM QREBsBTMSsSMSTs IFLIP»THETA sRTFXsPID»
3SDSRs SFDJ 25553 ToHLDP sNSTHsNFPToFLOVYHFED e NHTMsHHST s AK+BK s CK2DK »
GEKsFK2ENLOYENL 1 9EML2 vENL3sENL4sENVOSENV1sENV2IENVIVENV4sFRACT »FDRT
SeEQUIsXoF sGsVPRRsCONL+REFLXoBl oDl + TFEDSLTESTsMTESTSNTEST » IHBAL » XNA
S6ME+QII»TSRsEQUIL XFEDs YFEDsHF LQD sHFVPRs ITMST» TCON» IQOTPT#RT X
7 PIsTOTI+CFDsPOP»IVPRy IPAGEYN1SINs XXX

IFLX=1+CALCULATE LIQUID RATE

IFLX=2 CALCULATE FLUX FOR VAPOR RATE

IF(NMAX=M)1s1s2

XFLX=DSPEC

YFLX=XFLX

FLDR2=0.0

FLDR1=VPRR(M=-1)=XFLX

GO TO 11

FLDR2=FLDR1

IFINSTMS)169610

DO 4 Js1sNSTMS

K=NSTMS-J+1

L=NSTMIK)~-1
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aXaXaRNaka)

18
17

22
21
14
13

31
20

12

n

COTPT

IF(M+1-NSTMIK))17+18917
YFLX=YFLX+SDSRIK)
IF({M=L)4+5+4
XFLXsXFLX+SDSR(K)
CONTINUE
DO 7 JalsNFDS
KeNFDS=-J+1
N=M=-1
L=M
LlsM+1
IF(N <=NFPT{K))219229+21
YELX3YFLX-FDRT{K)I*#{1e0-FRACTI(K))}
IF(L-NFPTIK)}) 13914413
YFLX=YFLX~FDRT (K)*FRACT (K)
IF{L-NFPT(K))31»8+31
XFLX=XFLX-FDRT(K)#(1e0-FRACT(K))
IF(L1I-NFFTIK))IT920,7
XFLX‘XFLX-FDRTlK)'FRACT(KI
CONTINUE
GO TO(9s11)sIFLX
FLDR1=VPRR(M-1)~YFLX
RETURN
END
LISTS
LABEL : '
- QeSele TRAY BY TRAY

SUBROUTINE OTPT(NCVGsKByICON) -

PRINT OUT OF X’Y'LDVO

DIMENSION ’ RTFX(3i25)-SDSR(4)lPID(lZ)oSFDJ(Z5)v
1. T(ZOQ)OHLDP(ZUU)iNSTM(“)!SOFllt)ONFPT(3)|HFED(3)lNHTM(CﬂoHHSI(fb)

- 29AK(25)9BKE25)9CKI25) sDRI25) 9EK25)9FK{25) yENLOC25) 9ENL1(25) sENL 2

325) sENL3(25)»ENL4 125 ) 9sENVO(25)sENVII25)9ENV2(25)9ENV3(25)9ENV4(25)
49EQUI25) s FRACT(3) s FDRT(3)9X(200925)sF(200+25)9G(200+25) sVPRR(200)
59EQUIL(25) J W XFED(3¢25)sYFED(3+25)eD1(25)9BI(25)sXXX(25) s TF
6ED(3)9XNAME(25QZ)|QI1(25)9555(25IoHFLQD(ZS)nHFVPR(ZS)anMST(3)’RTX

vv7(3)vPl(5-25)’TOTI(25);CFD(25):POP(25)

307

2

COMMON NOUT ¢NIN»SMFD sDSPECsDOF s IDSMyNSTMS» SOF sNFDS s IMAX s NMAX s
1TMAXs TMIN»BETASDELToALIMLoALIM2 0 ALIM3 s AL IM4sALIMS sALIMESALIMT sALIM
28 +NHTMSsPRESS s IDHMy QREBBTMSsSMSTHIFLIPSTHETA sRTFXsPID,
3SDSRsSFDJ . #5559 ToHLOPsNSTMaNFPTsFLOVIHFEDsNHTMosHHST 2 AK»BK s CK9DK s
4EKyFKPENLOSENLLI9ENL2yENL3sENLSG»ENVOSENV]ISENV2IENVISENV4sFRACT »FDRT
SyEQUIsXsF sGrVPRRYCONLIREFLXvBIsDIsTFEDILTESTIMTESToNTEST » IHBAL » XNA
6MEsQII+TSRIEQUILY XFED'YFED!HFLQD’HFVPR’lTHSTvTCON IOTPTHRTXs
7T PI1sTOTI+»CFO»POPS IVPRs IPAGESN1SIN» XXX

IF IOTPT=)sINTERMEDIATE RESULTS ARE NOT PRINTED

IF IQTPT=2+INTERMEDIATE RESULTS ARE PRINTED

IF NCVG=1+PROGRAM 1S IN INTERMEDIATE CALCULATIONS

NCVG=2sPROGRAM HAS CONVERGED

NCVG=3 s MAXIMUM PASSES COMPLETED »PROGRAM DID NOT CONVERGE

IFLX=1

IF(KBY42307+307

CALL PAGE

GO TQ(1»2+40)sNCVG

WRITE OUTPUTTAPE NOUT»3:KB

124

1729
1730
1731
1732
1733
1736
1735
1736
1737
1738
1739
1740
1741
1742
1743
1744
1745
1746
1747
1748
1749
1750
1751
1752
1753 .
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3

1
5

40
41

4

13
9
14

18
15

20
22

612

613

643
615

FORMAT(42H FINAL RESULTSsPROBLEM HAS CONVERGED AFTERsl&4s7H PASSESY

GO TO &

WRITE OUTPUTTAPE NOUT»5¢KB

FORMAT(12H END OF PASSsl4326H PROBLEM HAS NOT CONVERGED)

GO TO &

WRITE OUTPUTTAPE NOUT »41

FORMAT(106H PROBLEM HAS COMPLETED MAXIMUM NUMBER OF PASSES waHour
1 CONVERGINGs THE RESULTS FROM THE FINAL PASS FOLLOW)

DO 12 M=1sNMAX

N=ENMAX=M+1

IF (N~NMAX 1851218

CALL PAGE

KlsM=-2

K=M-1

WRITE OUTPUTTAPE NOUI-130K9T(N)

FORMAT(5H TRAY3I5518H TRAY TEMPERATURE=+F843)

WRITE OUTPUTTAPE NOUTs163K1sK ‘

FORMAT(12X920H LIQUID LEAVING TRAY14s7X»19H VAPOR LEAVING TRAYI4/
110H COMPONENT.9X.5HMOLES'IOX’ZHMFy9X-5HMOLESs10X’2HMFs7x,8H K VALY
2€)

K=N+1
CALL TDFLD(K'FLDRI'FLDR21IFLX-XFLX)

TTaT(N)

CALL KVAL(TT)

DO 15 l=lsIMAX

YY=EQUI (T)#X(NsI)~

FLU=FLDR1#X(N+1s1)

FV=VPRR(N)#YY -

WRITE OUTPUTTAPE NOUTgZO.(XNAME(I’J).J=1-2)oFLoX(N+1o!)gFVnYYsEQUI
10

FORMAT (1H 'ZAva13-4-F13-6oF13.4sF13.6nF13.6)

WRITE. OUTPUTTAPE NOUT.s22+FLDR1 +VPRR(N)

FORMAT(3Xs4H SUMs9XsF10s494X99H 14000000s3XsF10s414Xs9H 14000000)

DO 610 J=1sNFDS

J1=NFDS-J+1

IF(N-NFPT(J1))610+612+610

CALL PAGE

K=M=1

K1=M=-2
"WRITE OUTPUTTAPE NOUTs613»KsJeK1

FORMAT(5H TRAY»l&4s23H IS A FEED TRAY OF FEED. [2/77H THE LIQUID COM
JOSITION ENTERING THIS TRAY AND VAPOR CAMPOSITION ENTERING TRAY 14

27TH FOLLOW/20Xs6HLIQUID»35X+5HVAPOR/10H COMPONENTo8X05HM0LESollX02H
3MF s 8X 9 SHMOLES » 11X » 2ZHMF )

SUM1=VPRR(N)+FDRT(J1)#(1e40-FRACT(J1))

SUM= FLDR1+FDRT(J1)*FRACT(J1)

DO 643 1=1sIMAX .
=VPRR(N)*EQUI(l)*X(N'l)+VFED(J1 1)*#{SUM1-VPRR(N)}

A=FLDR1I*X(N+1» l)+XFED(J1:I)*FDRT(JI)*FRACT(JI)

D=C/SUM1

B=A/SUM

WRITE OUTPUTTAPE NOUTv615s(XNAME(IoJ)oJ'ltZ)oA:BoC:

FORMAT(1H 2A69F13e43F13063F13443F1346)

WRITE OUTPUTTAPE NOUT»61605UM»SUM1 :
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616 FORMAT(3X»s4H SUM»9XsFLl0Oals4Xs9H 15000000:3XsF10e4s4Xs9H 12000000)
610 CONTINUE
1004 FORMATLS5H TRAY#+15:46H IS A SIDE DRAW TRAYs THE LIQUID INTERING TRA
1YeI5s8H FOLLOWS/10H COMPONENT-SX.SHMOLES»IIXoZHMF)
1006 FORMAT!3X94H SUMes9XsF1l0e494Xs9H 1,000000)
IF(NSTMS)12,1251001
1001 CALL PAGE
DO 1002 IXS5=1sNSTMS
NIP=N+1
IF(NIP-NSTM{IX5))1002+1003+1002
1003 WRITE QUTPUTTAPE NOUT»1004sNIPsN
DO 1005 ITA=1l,IMAX
XAX=(FLDR1-SDSR(IX5) )%X(N+1el)
1005 WRITE OUTPUTTAPE NOUTs 10109 (XNAME(IoJ)eJ=192)eXAXeX(N+1ul)
1010 FORMAT(1H 2A63F13a49F13.6)
XAX=FLDR1-SDSR(IX5 ) :
WRITE QUTPUTTAPE NOUT»10069XAX
1002 CONTINUE
12 CONTINUE
ALRT=sFLDR1
CALL PAGE
WRITE QUTPUTTAPE NOUT»25

25 FORMAT{21H PRODUCT COMPOSITIONSs16Xs11H DISTILLAT5913X07HBOTTOMS/1

19Xs49H COMPONENT  MOLES . MF MOLES MF)
SUM=040 o
SUMX=040
NPDSENSTMS+2
DO 26 I=1sIMAX
SUM=SUM+P I (1e1) v
SUMX=SUMX+PT (NPDS 1) .
GO TO(28527)sICON -
28 FX=XI{NMAX»s1)
G0 TO 26 - -
27 TT=T(NMAX)
CALL KVAL(TT)
FX=X(NMAX ¢ 1 Y*EQUE ()

26 WRITE OUTPQTTAPE NOUI;30’(XNAME(luJ)vJ 192)»P[(1nl)vFX;PE(NPDSol)n

1X41s 5D
30 FORMAT(15X|2A6oFnghaFlOo6vF10a49F10¢63
- WRITE OUTPUTTAPE ‘NOUT »31sSUM»SUMX ' ‘
" 31 FORMAT(23Xe4H SUMsSXeFLl0e&498H 1 OOOOsZX;FIOahsSH 1.00003
GO TO(33u32)nlCON : R . o
33 WRITE QUTPUTTAPE NOUTv3a C
34 FORMAT(39H DlSTlLLATE LEAVES THE COLUMN AS LlQUlDD B
) GO. TO 697 - ; e
32 WRITE OUTPUTTAPE NOUTs36 ‘
- .36 FORMAT(38H DISTILLATE LEAVES THE COLUMN AS VAPOR)
697 IF(NSTMS) 356354107 ‘ ‘
107 CALL PAGE
WRITE OUTPUTTAPE NOUT#121
121 FORMAT(25X»18H PRODUCT SIDE CUTS)
DO 131 N6=1sNSTMS
NN=N6+1
CALL PAGE
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1887

- 1888

1889
1890



NS=NSTMS-N6+1
N7=NSTMINS)
NB=NMAX~NT
WRITE OUTPUTTAPE NOUT»1229+N8
122 FORMAT(17H SIDE CUT AT TRAY 15/19X»30H COMPONENT MOLES
1MF)
SUM=0,0
DO 130 Is=lsIMAX
SUM=SUM+PI (NNs 1)
130 WRITE OUTPUTTAPE NOUT 151 s (XNAME(I9sJ)sJ=192)sPIINNsI)eX(NTsI)
151 FORMAT(19X+2A6sF1l0e4sF10.6)
131 WRITE OUTPUTTAPE NOUT+152s5UM
152 FORMATI(23Xs4H SUMs6Xs8H 1.0000+F1046)
35 CONTINUE
IFDC=1
TT=T(2)
NS=2
INCX=1
CALL ENTHLIIFXCsHVAL 2 INCXsTTaNS)
HLT2=HVAL
NS=1
TT=T(1)
CALL ENTHL{IFDCosHVAL»INCXsTTeNS)
HLT1=HVAL
INCX=2
CALL ENTHL{IFDCeHVAL s INCXsTTHNS)
HVT1=HVAL
HBT=HLT1#BTMS
HBTX=HBT
QREB=HVT1#VPRR(1)+HBT-HLT2#ALRT
CALL PAGE
WRITE QUTPUTTAPE NOUT#+507sQREB
507 FORMATI(20H COLUMN HEAT BALANCE//5X»21H HEAT ADDED TO COLUMN/5X»19H
1 REBOILER HEAT DUTY E16.8)
SUM=QREB
DO 550 J=1sNFDS
NM=NFDS=J+1
HX=HFED(NM) *FDRT (NM)
WRITE OUTPUTTAPE NOUT»556sJsHX
550 SUM=SUM+HX
556 FORMAT(5X+18H ENTHALAPY OF FEED 13+E16.8)
IFINSTMS)557+557»558
558 DO 560 J=1sNHTMS
NM=NHTMS=J+1
IFIHHSTINM) 156195601560
561 SUM=SUM~HHST(NM)
WRITE OUTPUTTAPE NOUT #5629 JsHHST (NM)
562 FORMATI(5Xs26H HEAT ADDED BY SIDE HEATER 13+E16.8)
560 CONTINUE
557 WRITE OQUTPUTTAPE NOUT»559sSUM
559 FORMATIS5Xs27H TOTAL HEAT ADDED TO COLUMN El6.8//)
NS=NMAX -1
TT=TINS)
INCX=2
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570
571

576

581

582
583
580
585

586
591

590
584
592

66

62

60

63

462

CALL ENTHLUIFDCsHVAL»INCXsTTaNS)
HVT1=HVAL®#VPRR(NS)

TT=T{NMAX)

NS=NMAX

INCX=1

CALL ENTHL{IFDCsHVAL»INCX»TToNS)
HBT=HVAL#® (VPRR (NMAX~1)~-DSPEC)

GO TO(571+570)»ICON

INCX=2

CALL ENTHL{IFDCsHVAL+INCXsTTaNS)
QBT=DSPEC*HVAL

QCOND=HVT1-QBT-HBT

WRITE OQUTPUTTAPE NOUT+576»QCOND+QBT «HBTX
FORMAT(5X+25H HEAT REMOVED FROM COLUMN/5X»10H CONDENSER»E16+8/5Xs1

11H DISTILLATE E1648/5X»8H BOTTOMS E1648)

SUM=QBT+QCOND+HBTX

IFINSTMS5)580+580+581

DO 582 J=1+NSTMS

NM=NSTMS-J+1

NS=NSTMINM)

TT=TINS)

INCX=1

CALL ENTHLI{IFDCoHVALINCX»TTsNS)

QBT=HVAL®SDSR(NM)

SUM=S5UM+QBT

WRITE OUTPUTTAPE NOUT»583+J9QBT

FORMAT(5X»28H HEAT REMOVED BY SIDE STREAMsI34+E1648)
IFINHTMS) 58495849585

DO 590 J=1sNHTMS

NM=NHTMS=J+1

IF(HHSTINM) )590+590+586

WRITE OUTPUTTAPE NOUT 591+ JsHHST(NM)

FORMAT(5X928H HEAT REMOVED BY INTERCOOLER [3:E16.8)
SUM=SUM+HHST I NM)

CONTINUE

WRITE OUTPUTTAPE NOUTs592 »5SUM

FORMAT(5X#19H TOTAL HEAT REMOVED E16.8)

CALL PAGE

WRITE OUTPUTTAPE NOUT.66

FORMAT(14H TRAY PROFILES/TH TRAY+6X 21 1HTEMPERATURE »4X»10HVAPOR R

1ATE»6X+ 19HENTHALPY/MOLE VAPOR)

DO 60 Nl=1sNMAX

N=NMAX-N1+1

N2=N1-1

JS5A=]

JSB=2

TT=TI(N}

CALL ENTHLUJSAHVAL»JSBsTTsN)

WRITE OUTPUTTAPE NOUTs63sN2»TIN) s VPRRIN) »HVAL
FORMATI3Xs1493XsFlaatsFlue5+E24.8)

JX=NMAX -1

WRITE OUTPUTTAPE NOUT»462»JX

FORMAT(20H CONDENSER IS TRAY 0s+/17H REBOILER US TRAY»sl4&)
RETURN
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*
*

‘CPAGE

END

LIST8
LABEL ,

OeSeUs TRAY BY TRAY
SUBROUTINE PAGE : ' :
DIMENSION RTFX(3525) »SDSR(4 ) sP1ID(12) 9 SFDI(25) s
1 T(200) sHLOP (200) sNSTM(4) sSOF (4) sNFPT(3) sHFED(3) sNHTH(6) sHHST (6)
29AK(25) 9BK(25)9CK125) 90DK(25) sEK(25) oFK(25) sENLO(25) sENL1(25) sENL 2
325) 1ENL3(25 ) sENL4(25) sENVO(25) sENV1125) s ENV2(25) »ENV3(25) »ENV4(25)
49EQUI(25) sFRACT(3) sFDRT(3)9X(200025)+F(200525)+G{200s25) »VPRR(200)

" 59EQUILI25) ' XFED(3925)sYFED(3925)9D1125)9B1(25)9XXX(25)TF

GED(3) 2 XNAME(2592) QI 1(25)eS5S(25)sHFLAD(25) sHFVPR{(25) s ITMST(3)»RTX
T(3)sPI(5025)sTOTI(25)9CFD(25)sPOP(25)

COMMON NOUT sNINsSMFDsDSPEC sDOF s IDSMaNSTMS» SOF sNFDS» IMAXsNMAX »
1TMAXs TMINYBETASDELTsALIMIsALIM2oALIM3 s AL IMUsALIMS »ALIMOsALIMT7 vALIM
28 sNHTMS s PRESS » IDHM» QREBsBTMS»SMSTH»IFLIPSTHETA sRTFXsPIDs
35DSRSFDu »SSSeToHLDP sNSTMINFPTsFLOVIHFED sNHTMyHHST 9 AKsBK s CK DKo
GEKoFKIENLOPENLLIvENL2YENL3sENLAGsENVOIENVIIENV2IENVISENVA»FRACTSFDRT
SyEQUIsXsF sGsVPRRsCONLsREFLX 9Bl sDIyTFEDSLTESTIMTESTHNTEST o IHBAL s XNA
6MEsQIIs TSRsEQUIL XFED'YFEDyHFLQD sHFVPRs I TMST o TCONS»IOTPTsRTX»
7 PIsTOTIsCFDsPOPsIVPRyIPAGEIN1ISINIXXX

IPAGE=IPAGE+]

WRITE OUTPUTTAPE NOUT .1 9 IPAGE

FORMAT(1H19B80X219HOsSeUs TRAY BY TRAYs/B6X»4HPAGEI5)

WRITE OUTPUTTAPE NOUT:Z-(PID(I):I=1-12)

FORMAT(IH 912A6'//)

RETURN

END

DATA
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