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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 progra~, 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 fellowsqip grant which made this work 

possible. 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 

INTROOOCTION 

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 

as sumed initial tray composition. The calculations are repeated until 

the differences in tray compositions, and temperature and vapor profiles 

from pass to pass are ins i gnificant. No assumptions of key component 

splits or indi vi dual 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 

1 
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of the convergence procedure is two-fold~ 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 procedure. In order 

to evaluate the procedure and the new convergence procedure, a program 

based on Ball's (3) modification of Rose's unsteady state approach was 

written for use on the IBM 7090. This program was tested for several 

different types of columns including multi•feed an4 multi-product con

figurations. Comparisons were made t·o determine the effect that th.e 

starting conditions and the ratio of the time interval to the tray h9ld· 

up had on convergence time. 
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CHAPTER II 

LITERATURE SURVEY 

Three basic assumptions are made in most distillation ca lculations. 

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

lati on 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 volatil ity or constant overflow is not considered to be 

rigorous . 

The simplest methods for estimati ng 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 me thods are usual ly limited to binary mixtures, and more 

tedious methods must be used for multi-component systems. 

The McCabe 0 Thiele method is a graphical solution of sinultaneous 

mass and equi li brium balances assuming constant molal overflow. A typical 

McCabe-Thi e le diagram is shown in Figure 1. In this procedure, the oper

at ing line for the re~tifying section of the column begins with the 

di sti llate composition and extends through the feed line. The equation 

3 
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of this line is 

- (L/V) x + (D/V)xd r n 
(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 

= (L/V) x l - (B/V)xb s n-
(2) 

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

and is 

slope ""' f' 
r:rr (3) 

This procedure ~ay 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 

el i minates 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 60 and ~Bare 

given as follows: 

~ D Hd 
QC 

= +-D 
(4) 

- Q 
L.)B Hb 

r - -B 
(5) 

The tie li nes 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 



5 

0 LO 

x, Mole. Fraction in Liquid 

Figure 1. Typical McCabe-Thiele Diagram for a Simple Column 
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Figure 2. Typical McCabe-Thiele Diagram for a Complex Column 
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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 
(o<.) m = (d/b)LK (b/d)HK (6) 

The relative volatility,dl, is usually evaluated at some average column 

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 use.d to pre dict 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 li ght key component versus the heavy key component at constant 

pressure results in a straight line which can be represented by the 

following equat ion . 

K = {q (K' ) 71' (7) 

where (? is the intercept of t he line and o is the slope of the line. 

Us ing the above relationshi p he der i ved the following equation for 

simple columns which e liminates the assumpt i on of constant relative 

volatility. 

(8) 

and 

(9) 
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In a study of short-cut procedures for canplex co'lumns 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. 

(10) 

(11) 

These equations can 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 t~eoretical trays re -

quired to give the desired key component split and the product distri-

butions at a specified ref~ux rate . This method is summarized in the 

following equations, 

xd /xd • (.;.,,/~):v .. xn /xn . (12) 
LK HK . LI< HK 

x /x = (c:,J/4,):v xb /xb (13) 
mLK mHK LK »K 

where equations (12) and (13) are for the rectifying and stripping 

sectio~s respectively. 

The terms~ and 0 are defined as followso 

(14) 



Gilliland (13) proposed that 

1 + D/L 
n 

1 + D/L n 

10 

(15) 

(16) 

This method assumes constant molal overflow and that the feed, is located 

where the ratio of the light and heavy key is the same as the feed. 

Underwood (28) developed a method for determining the minimum 

reflux rate of a simple column assuming constant molal overflow and 

constant relative volatility. He defined the function C6j such that 

ncp <:1 i di 

i:1 ~i D 0 j 
(17) 

-v == SP 
(18) 

For these equations, there are n-1 values of 0j. These values of 

0j are bounded by and fall between the values of c; for adjacent com-

ponents. Each of these n-1 values of 0. can be calculated from the J .. 

following equation 

by solving n-1 equations, one for each value of 0 .• 
J 

Since the product splits for the key components are specified, 

(19) 

there are n-2 compositions and VRP or n-1 variables 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 negathre. 
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This s i tuation may occur when 

(L/KV)RP :::> 1.0 (20) 

for the rectifying section or 

(KV/L)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). 

Thi s 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 minitrum and operating reflux rate and the minimum 

number of stages and operating number of stages. Figure 4 i s a repre-

sentation of this plot. 

Lewis and .Matheson (19) developed one of the first rigorous pro-

cedures for multi-component 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 s tages required. The fol l owing equations 

are typical equati ons used i n the Lewis and Matheson technique for the 

th n~ tray in the rect i fy ing section of the column. 

v n- 1,i = 1 i + d . n, . 1 

V = L + D n- l n 

= 

To begin calculations, indivi dua l distillate compositions are 

(22) 

(23) 

(24) 

assumed. The corresponding tray temperatures and li qu i d and vapor rates 

are found by trial and error ca lculati ons around each tray. These 
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Figure 4. Correlation of Minimum and Operating 
Reflux Rate with Number of Trays 
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calculations are continued unti 1 the feed plate is reached. frhe recom-

mended 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 "'> 

ratio of key COIQPonent rates in. the feed.I However, the feed plate may 
--"-..! 

be located anywhere. The calculations are 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 t,fatheson method in that the temperature, 

liquid, and vapor profiles are assumed. The basic difference is that 

Bonner predicts t~rminal compositions rather than specifying a split. · 

The calculations are similar to those for the Lewis and Matheson method, 

and the feed plate match is forced in the same manDer as in the Lewis 

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

based on material balance relationships around the terminals and then~ 

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

Holland (17) are v I 
I . m•l b 

db - .,. 1 ·· vn+l d 
(25) 

Rectifying section: 

(26) 

Stripping section: 

1+1/b • S (1 /b)+l m m m (27) 

An and Sm are the absorption and $tripping factors respectively and are 

defined as follows: 
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A • (L/l<V) 
n n 

(28) 

(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 definition$. 

• (30) 

By employin~ a nultiplier Q, equation (30) can be written as follows 

(31) 

where G is used to. force ,the column into mat,rial balance. The same 

value of Q is used for all components. Its nu~rical value can be found 

by using Newton '-s method as shown below. 

where 

-G • G - g(§ )/g'(~ > a a a 

·~ 

g(O) . • z.. 
i•t 

g•(G) • dg(G)/dG 

f " 
i 

l+ Q(bi/di). D 

nc.p . -z 
i•l 

f i (bi /di) 

[1~(b/di >12 

(32) 

(33) 

(34) 

Edmister (5) proposed a rigorous procedure for determining pro~uct 
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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 

re lati onshi P• 

+ A ) 
n 

(35) 

(36) 

Extending this procedure, Edmister defined 0A in terms of the 

absorption factors and 05 in terms of the stripping factors. Thee• 

qua ti ons are s 

0A 
1 - A1A2A3•••An + A3• • .An + ••• - +A +l + A2A3•••An n 

(37) 

05 
l - S1S2S3•••Sm + 5253. ••Sm + S3•••Sm + ••• + s + 1 m ' 

(38) 

The term 0A can be shown to be the fraction of any rich-gas com

ponent not recovered in the absorber, and 05 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. 

"n+l /d • (Ao0SE+l/QJAE )~ 

1m+l/b • 5o0Axlfsx + l/05X 

vf/d 
b/d • Af (r:?i,) 

! 

(39) 

(40) 

(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 sitll.lltaneous heat and 

material bal ance equations for each plate. This calculational procedure 

is carri ed 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 eq~ations and the specified total product rates. 

However, this procedure has failed in a wide variety of cases (10). The 

usual reason f or 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 soluti on. Theoretically, all components must 

appear in all products~ except at minimum reflux. However, the range of 

a llowable number size in a computer and the number of significant digits 

are limi ted, and a composition may approach zero within an operating 

col umno Thus, a program that uses an adjusting procedure which requires 

all component s to appear in all products may fail. A procedure which 

will aut oma ically introduce a small amount of a component on a tray 

and wi l l al l ow any component t o approach zero at any point in the column 

shou l d be mor e r e li ab l e . 

Amundson and Ponti nen (1, 2) proposed a method whereby the system 

of s i mu l taneous mass balance equations are solved by the use of matri ces. 

The disti l late rate, reflux rate, and number of trays in each section of 

t he column are fixed . The temperature and vapor profiles and product 
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compos i tions 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 
n 

H' - • dQ (42) 

Thi s equati on is modified sli ghtly 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 i mportant 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" equili brium time which is defined as the time re-

quired for the plate compositi ons to come within !<).001 of their final 

values . The procedure for determi ning the steady state compositions be-

gins by assuming initial tray compositi ons. From this assumed composition 

profile, a new composition profile is determined at some later time. 

Rose studied the effect of the i nitial composit i on on the time re-

quired to reach steady state . He compared these effects by running two 

problems; 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 

a l so 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 enab ling the procedure ~o arrive at a solution regardless 

of the complexity of the problem. Although this procedure is reliable, 

certain precaut i ons must be taken. The time interval must be small 

enough~ i n comparison with the tray holdup, that the composition profile 

does not become so distorted 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 e liminate errors resulting from the assumptions of tray 

temperatures and vapor and li qu i d rates. These assumptions are corrected 

by subsequent calculations . 

Ball (3) modified the transient approach presented by Rose et al 

(24~ 25) . His major contributi on was the modification of equation (42). 

x I = x . I + 69(dx ./dQ) I (43) 
n 9 i Q+.1Q n,1 Q n,1 Q 

In this study~ Ball found that Rose 0 s procedure was very reliable for 

complicated prob lems . However, the size of ~g required for solution 

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

a soluti on. In order to eliminate this problem, Ball used the mean value 

theorem of differential calculus (17) to wr i te the following equivalent 

form of equation (43). 

x ·I +~Q [C7°(dx i/dQ)I + (1-c;l)(dx ./dQ)I J 
n 9 1 Q n, Q+llQ n ,1 g 

(44) 
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where Os;.(;}~ 1.0. Ball reports that if a value of f.,'>0.5 is used, 

the above equation remains stable for all values of ~Q. 

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 Q and Q+AQ. 

A graphical interpretation of this theorem is shown in Figures. 

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

Kn ,i IQ+,AQ 
. 

Kn,ilQ -
vn-1 IQ+AQ 

. 
vn-11 Q = 

Ln+1 IQ+.AQ 
. 

Ln+ll Q -
the following working equation can be written 

a 0 x I + b 0 x I + c• x I = d' . n,i nal 9 i Q+AG n~i n, i Q+AQ n,i n+l ,i Q+AQ n,1 

where 

z, ( 00AQ/ HV )V K I + 
n n Q 

= · (5)'AQ/ H')Ln+1IQ 

... 

(~l~Q/H')L I + 1.0 
n Q 

(45) 

(46) 

These assumpti ons imply that t he temperature and vapor profiles do not 

change signi f icant l y from pass to pass. This modification gives a more 

complex procedure t han Rose 0s original procedure, but by i ncreasing the 

size of bQ~ the total number of iterations and machine time may be 

significant ly reduced. 
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dxl 
dQ G+llQ 

Figure 5, Graphical Interpretation of Equation (44) 
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By writing equation (45) for all trays in the column and the i~ 

component, a tri-diagonal matrix is obtained. This matrix can be solved 

th for the tray composition of the !-:"'. ' component. Tray numbers start with 

the bottom tray equal to one, the reboiler being tray zero, and the 

conden$er tray n+l. The equations are solved using a method reported 

by Grabbe (14). The details of the solution are: 

The re boiler: 

h • c'/b' 
0 0 0 

g 

Each tray and condenser: 

\ . -

where K • 1, 2, ••• , n+l. 

- d'/b' 
0 0 

c'/b' - a'h' K K K K•l 

The composition of i is then found for the condenser by 

-
and for each tray and reboiler 

x -1( 

where K • n, n•l, n•2, ••• , 0~ 

(47) 

(48) 

(49) 

(50) 

(51) 

(52) 

tbe,se calculations are repeated for all components and for each iteration 

until 

(53) 

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 colunm 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 . 
H' nz 1 

dQ = V 1Y l i + L lx 1 . - L x i • V y i n- n- , n+ n+ ,1 n n, n nll (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 

23 
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this condition. If the amount of liquid holdup on the plate, n, is 

constant and the amount of vapor holdup assumed negligible, this equation 

th describes the change in liquid composition on then~ tray with respect 

to time. 

Using equation (42), the following equation can be used to determine 

the composition after a time interval of AQ: 

.. l dx i I 
xn,i Q + A9( d~, ) g (43) 

This equation is valid for all components on all trays in the column. 

After repeated passes, the tray compositions wi ll 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, AQ. 

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 9 he found that the size of AQ had to 

be so small that the program required an extremely large amount of ma-

chine time. In order to alleviate thi s problem, Ba l l developed the 

following equivalent form of equation (43 ), 

= (44) 

where f.>' can have any arbitrary value between zero and oneo However, if 

the size of .0' is greater than one~half, any reasonable value for hQ can 
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be used, and the procedure wi 11 remain stable. If fl is set equal to 

one, the procedure will be simplified. 
dx 1 

By using equation (42) to evaluate the term ( d~, )Q+J.Q in e-

quation (44) and making the assumptions that 

K · I n,1 . Q+A9 

vn-11 Q+.AQ 

Ln+ll Q+AQ 

equation (43) can be written as 

= 

= 

= 

a' x I + b' x I + c' x I 
n,i n-1,i Q+AQ n,i n,i Q+JQ n,i n+l,i Q+~g 

= d' I n,i 9 
(45) 

The constants a', b', c', and d' are known quantities and are represented 

by equations ~6). An analysis of equation (44) shows that if f.>' equals 

one, the second term on the right-hand ~ide of the equation can be elimi~ 

nated completely, thus simplifying the equation. 

If equation (44) is written for the 1th 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 h and g for a given 
n n 

component. 

Althoµgh the relaxation procedure is based entirely on material 

balance relationships, the over-all matedal balance was being violated 

during the first few iterations. To correct this problem, a forcing 

procedure was developed t o bring t he 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 



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: 

d 
i 

= (54) 

If the column is not in comElete material balance, a forcing function, 

9, can be used to determine a corrected value ford. as follows: 
n 1 

d " 
i = 

(55) 

In order to simplify this procedure for multi-product columns and 

to make the determination of Q simple, temporary bottom products and 
n 

feed componeqt 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 Qn is the same 

as for a two-proquct column. The t~mporary bottoms pr oduct rate for the 

· th .· t i h f h · t h . i 11 d b 1- componen s t e sum o t e 1 - component, rates n a pro ucts e-

low the one in question. When a value of 9 is found for a product and 
n 

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 compo11ent feed andproduct rates 

are presenteq as 

r. = f . - {pl i + P2 i + ••• + Pn·l , i ) (56) 
1 l ' co ' co co ~\ 

- c5:1 > pi = Pn+l,i + Pn+2, i + ••• + PN,i 
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where the subscript co stands for the corrected composition, By letting 

the terms Pi,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. 

= (58) 

1 +9 (j\/Pn,i) 

The value of Q can be determined by using Newton's method. The e• 

quations are: 

Q 
co - Q 

co 
g(~) - ' ' 

g. (Q) 
(59) 

where 

g(Q) 
ncp li - :z= - p 
i=l 1 + Q (pi /pn,i >ca 

n 
(60) 

gt (9) .. -Z: f i <i\ /pn 2i) ca 

i=l [1 + Q (pi/Pn,i)caJ 2 
(61) 

The term P0 stands for total product rate. 

A close ex~mination 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 sett;lng the ratiQ equal to 10 .and Pn,i to zero. If an 

arbitrary c;lefinition of a perfect split is encountered, the ratio, 

p./p i. , wi 11 be . either zero or greater than the numerical range of the 
1 n, . · 

computer, thus causing more complications. However, the problem with 
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perfect splits can be elimina;ed 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 ihe terminal composition and the feed composition. A more 

sophisticated appr~ach to _determining an initial composition profile 

would be using one of the short-cut techniques outlined in Chapter II. 

However, these short-cut procedµres are so time consuming that their use 

is not ju$tified. 

The final convergence of a problem is determined by three factors. 

These th.ree · factors are the vapor, temperature, and composition profiles. 

When the change of each of these factors, from pass to pass is within the 

desired toleran<;es, 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). ~ 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 

nu~ber of comQinations that can be formed using these different con-

ditions, no att~mpt 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 

· -3 -2 of the problems tested ranged from approximately 7 x 10 to 8.5 x 10 

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 

ent·halpy and equi 11 brium 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 Vis 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 tQ hold the deviation between the two so

lutions to a minitlllm. 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 equat i ons 

went through a minimum within the temperature range covered by the column. 

Therefore, equilibrium data from the NGSMA Data Book (31) were used to 

deve lop new equations for the K values. Comparisons of the re l axation 

method solutions with Holland's solutions are given in Tables VI and VII. 
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The last problem run wa• an industrial problem (9). This problem, 

Problem VIII, could not be ,olved by the company from which it was ob

tained. The relaxation pro¢edure · did not s~_lve the problem either. The 

distillate composition at the ~nd of 60 passes 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 ~as on convergence. ~e of these initial 

profiles is a linearized com-position and temperature profile, while the 

other starting condition assumes that the compositions and temperatures 

of all trays are equal to the combined feed composition and bubble point 

temperature. Solutions for Problem, I, II, VI, and VII were obtained 

with each of the two different initial profiles. The two starting con• 

ditions did not affect the ~olution 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 ,Problem I. Figures 6, 7, and Sare 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 th~t 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 the 

time interval to the holdu,p, AQ/H', in order to determine the effect of 

this ratio on the total 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 subroq.tine wUl account for the difference in 

the number of passes that appear in Tables 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. 
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TABLE I 

.. PROBLEM I: . RESULTS OF COMPARISON OF EIGHTEEN-TRAY COWMN 

Component Feed Ref. No. (7) Distillate moles/hr 
moles/hr Cst. 0/flow Non•cst. 0/flow 

n•Butane 25.000Q 24.19612 

i-Pentane 25.0000 0.91698 

' n•Pentane 25.0000 0.08917 

Rexanes 25.0000 0.00000 

Operating Conditions: 

Number of stages including reboiler 

Feed tray number 

Reflux ratio (V1/F) 

Type of condenser 

Feed condition. 

Pressure psia 

. Distqlat¢ rate (D/F) 

24.4286 23.9091 

0.6243 1.0783 

0~0602 0.1257 

0.0000 0.0000 

19 

9 

2.25367 

Total 

Bubble point 

25.0 

0.251131 
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TABLE II 

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

Component:·· Fee-d Ref. No. (7) 
moles/hr 

n .. Butane 25.0000 25.00000 

i•Pentane 25.0000 23.64628 

n•Pentane 25.0000 · 1.35838 

Hexanes 25.0000 0.00000 

Operating Conditions: 

Number of stages including reboiler 

Feed tray number 

Reflux ratio (V1/F) 

Type of condenser 

Feed condition 

· Pressure psi a 

Distillate rate (D/F). 

Distillate moles/hr 
By Relaxation. 

Cst. Olflow Non-est. 0/flow 

25.0000 

22.9190 

2.0857 

0.0000 

25.0000 

22.7916 

2.2131 

0.0000 

39 

19 

6.25932 

Total 

Bubble point 

25.0 

0.500047 
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TABJ,.E III 

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

Component Feed 
moles/hr 

n•Butane 25.0000 

i-Pentane 25.0000 

n•Pentane. 25.0000 

Hexanes 25.0000 

Operating Cqnditions: 

Number of stages including reboiler 

Fee.d t rfJi number 

Reflu:x; ratio (V/F) 

Type of condenser 

Feed condition 

Pressure psia 

· Distillate rate (D/F) 

Distillate 
moles/hr 

24. 1133 

0.8818 

o. uso 

0.0000 

18 

8 

2.25367 

Partial 

Bul;,ble point 

25.0 

o.2s1131 
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TABLE IV 

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

Component Feed 
moles/hr 

n•Butane 25.0000 

i-Pentane 25.0000 
: 

n•Pentane 25.0000 

Hexanes 25.0000 

Operating Conditio~s: 

Number of stages including reboiler 

Feed tray number 

Reflux ratio (V1/F) 

Type of condenser 

.Feed. condition 

Pressure psia 

Distillate 
moleslhr 

25.0000 

22.8853 

2. U94 

0.0000 

'.38 

18 

6.25932 

Partial 

Bubble point 

25.0 

0.500047 
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TABLE V 

PROBLEM V: RESULTS OF COMPARISON OF NINTY•TRAY COUJMN WITH SIDE CUT 

Component Feed Distillate moles/hr 
moles/hr Ref. No. By 

(21) Relaxation 

Propane 5.60 5.55988 5.5598 

i•Butane 8.oo 7.46768 7.4679 

i·Butylene 6.80 5.46104 5.4689 

Butene-1 341.00 220.759 220.3918 

Butadiene 0.80 o •. 51780 0.5170 

n .. Butane 24.00 . 0.030465 0.0299 

Butene-2 13.20 0.0051717 0.0049 

Operating Conditi.ons: 

Number of stages includingreboiler 

Feed tray numbe.r 

Side cut tray· number 

Type of condei'lser 

.... Reflux .. rllti o (v /F) .. 

Feed. condi ti.on 

Feed tE,mperatijre 

Feed bubble· point temperature 

Pressure psia 

Distillate rate (0/F) 

Side cut rate · (S/F) 

Side Cut 
Ref. No. 

(21) 

0.040155 

o.531444 

1.27617 

97.7111 

0.22919 

0.16909 

0.042817 

. 91 

55 

23 

moles/hr 
By 

Relaxation 

0.0402 

0.5311 

1.2683 

97.5775 

0.2289 

0.1637 

0.0402 

Subcooled to 88.8°F 

22.98 

Subcooled 

83.0°F 

124.5°F . 

· 84.0 

o.5995 

0.2500 
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TABLE VI 

PROBLEM VI: RESULTS OF COMPARISON 
OF NINETEEN-TRAY COLUMN WITH TWO FEEDS 

Feed I Feed II Distillate 

38 

moles/hr 
moles/hr moles/hr Ref. No. (16) By Relaxation 

Methane 2.0 o.o 

Ethane 10.0 o.o 

Propylene 6.0 1.0 

Propane 12.0 7.0 

i•Butane 1.0 4.0 

n-Butane 3.0 17.0 

n-Pentane 0.5 15.2 

n-Hexane o.o 9.0 

n•Hept ane o.o 4.5 

n-Octane o.o 4.3 

360 b.p. oi 1 o.o 3.5 

Operating Conditi ons:. 

Number of stages including reboiler 

Feed I tray number 

Feed II tray number 

Type of condenser 

Reflux ratio (V1/F) 

Feed I condition 

Feed II condition 

Feed I dew point temperature 

Feed II bubble point temperature 

2.0 2.0000 

10.0 10.0000 

6.930 6.9471 

17.95 18.1063 

0.7398 0.1115 

o.3a10 0.2290 

0.00004 0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

20 

7 

12 

Partial 

0.948 

Dew point 

Bubble point 

128 .0°F 

0.0000 

0.0000 

0.0000 

OoOOOO 



TABLE VI (continµed) 

Pressure 

Distillate rate (D/F) 

264.7 

0.3ij 

39 



TABLE VII 

PROBLEM VII: RESULTS OF COMPARISON OF NINETEEN-TRAY 
COLUMN WITH TWO FEEDS AND ONE SIDE CUT 

40 

Component Feed I Feed II Disti lljlte moles/hr Side Cut moles/hr 
moles/hr moles/hr Ref. No. 

{16) 

Methane 2.0 o.o 1.973 

Ethane 10.0 o.o 9.079 

Propylene 6.0 1.0 3.758 

Propane 12.0 7.0 8.135 

i a Butane 1.0 4.0 0.03961 

n-Butane 3.0 17.0 0.01478 

n-Pentane 0.5 15.2 0.0000 

n•Hexane o.o 9.0 0.0000 

n•Heptane o.o 4.5 0.0000 

n•Octane o.o 4.3 0.0000 

360 b.p. oil o.o 3.5 0.0000 

Operating Conditions: 

Number of stages including reboiler 

Feed I tray number 

Feed II tray number 

Type of condenser 

Reflux rat i o (V1/F) 

Feed I condition 

Feed II condition 

Feed I dew point temperature 

Feed II bubb l e point temperature 

By Ref. No. By 
Relaxation {16) Relaxation 

1,9732 

9.1013 

4.1477 

7.7392 

0.0309 

0.0077 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.02653 

0.9207 

3. 150. 

9.554 

0.6545 

0.6917 

0.0031 7 

0.0000 

0.0000 

0.0000 

0.0000 

20 

7 

12 

Parti a l 

0.9480 

Dew point 

Bubble point 

128.0°F 

267.6°F 

0.0268 

0.8987 

2.7846 

10.1445 

0.6356 

0.5076 

0.0023 

0.0000 

0.0000 

0.0000 

0.0000 



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 
moles/hr 

Methane . 0., 15 

Ethane 7.28 

Propane 98.80 

i·Butane 15.67 

n-Butane 46.24 

i-Pentane 18.55 

n•Pentane 18.84 

Hexane 9.07 

Heptane 21.23 

Octane 35.79 

Nonane 245.62 

De cane 33009 

Operating Conditions: 

Number of stages including reboiler 

Feed tray number 

. Type of condenser 

Reflux ratio (V/F) 

Feed temperature 

Feed flash r~ti o (L/F) 

Pressure psia 

Distillate rate (D/F) 

Distillate 
moles/hr 

0.1500 

7.2800 

98.8000 

15.6700 

46.2400 

18.5500 

18.8400 

9.0700 

21., 2300 

35.7841 

57.3060 

0 .. 0123 

28 

15 

Subcooled to 120°F 

101954 

285°F 

0 .. 8545 

150 

0.5977 

42 
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TABLE; IX 

Ta! EFFECT OF INITIAL TRAY COMPOSITIONS O~ CONVERGENCE 

.Problem No. Passes Required Using 
Li near Profile Constant Profile 

I 45 32 

II ·29 35 

VI 28 28 

VII 37 36 
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TABLE X 

THE EFFECT OF A9/H 0 ON CONVERGENCE 

A.9/H' Passes Required 

0.00001 >60 

0.001 >60 

0.01 >~Q 
', 

1.0 41 

10.0 33 
,,, 

10000.0 33,, · 

100000.0 33 

1000000.0 33 
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CHAPTER V 

CONCWSIONS 

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 9 s (3) 

modification of Rose's relaxation technique (22, 23) was written. An 

improved convergence technique was developed in order to improve the 

reliabi 1i ty 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 resu l ts of this 

study show that the relaxation procedure is reliable for s i mple or com

plex distillation columns with multi-component feeds. in fac t, 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 composition 

and temperature profiles on the number of passes required for convergence. 

A li near initial composition profile with a corresponding linear initi a l 

temperature profile was compared against an initial profi l e where each 

tray had the same composition as the total feed and each tray te~perature 

was the bubble point temperature of the total feedo The results of these 

t e sts indicate that the initial profiles have some effect on convergence, 

but the best type of profile depends on the indivi dua l pr ob l ~m. 
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Results of tests of the ratio of the time interval over the holdup, 

AQ/H', show that the ratio has a large effect on the number of passes 

required to re~ch a solution. However, these tests also show that a 

maximum value of A9/H' is reached where a further increase in this ratio 

has no effec.t on tl;le convergence. 



LIST OF NOMENCIATURE 

A · • absorption factor defined by A·.• L/KV 

a' - constant defined by equation (46) 

B - molar flow rate of the total bottoms product 

b - molal flow rate of any component in the bottoms product· 

b' • constant defined by equation (46) 

c' • constant defined by equation (46) 

D - molar flow .rate of total distillate product 

d - molar flow rate of any component in distillate product 

d' - constant defined by equation (46) 

F - molar flow rate of total feed 

f - molar flow rate of any component in feed 

f pseudo molar flow rate of any component in. feed 

f' - fraction of total feed vaporized 

g - variable used in s.olving tri -diagonal matrix 

H - enthalpy per mole. 

H' - holdup in any individual tray 

h - variable used in solving tri - diagonal matrix 

K vapor liquid equilibrium constant defined by K • y/x 

K' - equilibrium constant for reference component 

L - total molar flow rate of a liquid stream 

1 • molar flow rate of any component in liquid stream 

M • number of trays in stripping section 

N number of trays in rectifying section 
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ncp- number of components 

P total molar flow rate of side product 

p molar flow rate of any component in side stream 

P temporary molar flow rate of any product 

-p temporary molar flow rate of any component in product 

Q heat flow rate 

S stripping factor defined by S = KV/L 

Sm minitlllm number of stages in any section of a column 

V total molar flow rate of a vapor stream 

v molar flow rate of any component in a vapor stream 

x mole fraction of any component in liquid stream 

y mole fraction of any component in vapor stream 

Greek Symbols 

relative volatility 

0 - constant in Winn equation defined by equation (7) 

B' - coefficient used in equation (44) 

B' - coefficient defined by equation (15) 

0 - constant used in Winn equation defined by equation (7) 

€. error 

9 ~ t ime 

Q forcing factor used in convergence procedure 

. ~A fraction of entering gas stream not recovered in absorbing sect i on 

~ - fract i on of entering liquid stream not recovered in stripping sect ion s 
~- - constant used in Underwood Equat ions 

J 



a • assumed 

av .. average 

b • bottoms 

c • condenser 

ca• calculated 

co - corrected 

d .. distillate 

E rectifying section 

HK .. heavy key 

i component reference 

1 liquid 

I< - individual tray number 

LI<. light key 

n individual tray number 

R - reboiler 

RP a rectifying.pinch zone 

SP - stripping pinch zone 

X - stripping section 
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TABLE ,XI 

PROBLEM I: VAPOR AND TEMPERATqRE PROFILES WITH HEAT BAI.ANCE 

Tray Number 

· Condenser 
l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Reboi ler 

Operating Conditions: 

0 Temperature R 

520,0 
523.49 
528.86 
535.55 
542.29 
547.85 
551.83 
554.55 
556.78 
559.86 
566.43 
568.21 
570.41 
572.98 

. 575. 77 
578.60 
581.31 
583.93 
587.21 
594.20 

Number of stages including· reb.oi ler 

Feed tray number 

Reflux ratio (V1/F) 

Type of condenser 

Feed condition 

Pressure psi a 

Distillate rate (D/F) 

Vapor Rate (mo,les/br) 

19 

9 

o.o 
82. 71000 
81.55318 
80.25312 
78.96915 
77.90504 
77 .16169 
76.68482 
76.29446 
75.67426 
74.22920 
73.96090 
73.76626 
73.58529 
73.45327 
73.39880 
73.43019 
73.49610 
73.42192 
72.60570 

2.25367 

Total 

Bubble point 

0.251131 
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TABLE XII 

PROBLEM II: VAPOR AND TEMPERATURE PROFILES WITH HEAT BALANCE 

Tray Number 

Condenser 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

Reboiler 

Operating Conditions: 

. , 

Temperature 0 R 

542.21 
554.79 
563.37 
568.00 
570.25 
571 .36 
571.98 
572.40 
572.74 
573.05 
573.35 
573.64 
573. 9'3 
574.20 
574.47 
574.73 
574.98 
575.24 
575.54 
576.02 
577 .04 
579.64 
582.20 
583.50 
584.22 
584.69 
585.05 
585. 36 
585.65 
585.94 
586.22 
586. 50 
586. 78 
587 .07 
587.42 
587 .95 
589.04 
591.64 
597.74 
609.56 

Number of stages including reboiler 

Vapor Rate (moles/hr) 

39 

o.o 
363.00000 
355.63921 
352.40939 
351.39131 
351.11574 
351.06166 
351.07893 
351. 12206 
351. 17756 
351.23859 
351.30366 
351.37097 
351.43953 
351.50731 
351.57299 
351.63023 
351.66302 
351.62512 
351.37157 
350.48480 
347.86170 
348.07401 
348.56738 
348.93342 
349. 19622 
349.40561 
349 .59253 
349. 77285 
349.95064 
350. 1271 5 
350.30059 
350.46491 
350.60035 
350.65822 
350.49498 
349.71408 
347.32132 
34 1. 47429 
331 . 25837 



Feed tray number 

Reflux ratio· (V1/F) 

· Type of condenser 

Feed condition 

Pressure psia 

Dbti llate rate (O/F) 

TABLE; XII (continued) 

19 

6.25932 

Total 

Bubble point 

25.0 

o.soo041 
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TABLE XIII 

PROBLEM I I Is VAPOR AND TEMPERATURE · PROFILES 

Tray Number 
. . 0 
· Temperature R 

Condenser 
l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Re boiler 

Operating Conditions: 

' I 

522.61 
527.44 
533.85 
540 • .76 
546.83, 
551.44 
554~97 
558.84 
565.88 
567.48 
569.49 
571.88 
574.53 
571.ZB 
579.94 . 
582.39 
584. 73, 
587.74 
594.49 

Number of stages including reboiler . 

Feed tray number 

Reflux ratio (Vi/F) 

Type of condenser 

Feed condition 

Pressure psia 

Distillate rate (D/F) 

Vap9r Rate (moles/hr) 

25.11310' 

18 

8 

82. 71000 
81.42800 
80.10252 
78.93720 

. 78.06227 
77.40692 
76.63107 
75.08485 
74.80617 
74.61503 
74.42835 
74.27402 
74.18609 
74.18234 
74.25182 
74.34069 
74.26132 
73.42160 

2.25367 

Partial 

Bubble point 

25.0 

0.251131 



60 

!ABLE XIV 

PROBLEM IV: VAPOR AND TEMPERATURE PROFILES 

Tray Number Temperature OR Vapor Rate (moles/hr) 

Condenser 5.54.75 50.00470 
1 563.34 363.0000 
2 567.99 359.66764 
3 570.25 358.61576 
4 571,.36 358.32826 
5 ,571.98 358.27053 
6 572 .. 40 358.28748 
7 572. 74 358.33094 
8 573.05 358.38646 
9 573.35 358.45168 

10 573,.64 358. 51800 
11 573.93 358.58685 
12 574 .. 21 358.65566 
13 574.49 358. 71695 
14 574.78 358.75761 
15 575.12 3580 72969 
16 575.62 358.,48987 
11 576.67 357.62296 
18 579.28 354.99422 
19 581. 77 355.16100 
20 583.03 355. 61387 
21 583 .. 73 355.95518 
22 584.18 356.19614 
23 584.52 356.39841 
24 584 .. 82 356.57613 
25 585.ll 356 .. 75176 
26 585 .. 40 356.92484 
27 585 .. 68 357010320 
28 585.96 357 .. 281.09 
29 586 .. 24 357.46061 
30 586 • .52 357 .. 63449 
31 586.79 357 .80045 
32 587.08 357.93665 
33 587.42 357.,99172 
34 587.79 357 .81359 
35 589.,05 357 .. 01041 
36 589.65 354.54151 
37 597.76 348.54022 

Reboi ler 609.59 338 .. 08413 

Operating Conditions: 

Number of stages including reboiler 38 

Feed tray number 18 



Reflux ratio (V1/F) 

Type of condenser 

Feed condition 

Pressure psia 

Distillate rate (D/F) 

TABLE XIV (continued) 

6.25932 

Partial 

Bubble point 

25.0 

0 .. 500047 
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Tray Nuniber 

Condenser 
1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

. 29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

62 

TABLE XV 

PROBLEM V: VAPOR AND TEMPERATURE PROFILES 

Temperature 0 R 

548.00 
584.03 
585. 72 
585.02 
585.16 
585.23 
585.27 
585.30 
585 .. 32 
585.33 
585.35 
585.36 
585.37 
585.37 
585.38 
585.39 
,585.40 
585.41 
585.41 
585.41 
585.42 
585.42 
585.43 
585.43 
585 .. 44 
585.44 
585.45 
585.45 
585.46 

. 585.47 
585 .. 46 · 
585.47 
585.48 
585.48 
585 .. 49 
585 .. 49. 
585.50 
585.51 
585.52 
585.53 
585.54 
585 .. 55 
585.56 
585.58 
585.59 
585.61 

Vapor Rate (moles/hr) 

o.o 
8227.440 
9409.651 
9412.764 
9410. 716 
9407.034 
9404.948 
,9402.555 
9400.413 
9398.522 
9396.906 
9394.948 
9393.792 
9394.376 
9392 .. 809 
9391.724 
9390.734 
9389.822 

. 9388.962 
9390.035 
9389.,299 
9388.,880 
9387.178 
9388.,Li-08 
9386.140 
9387. 723 
9'.386.918 
9386.552 
9386.189 
9385 .. 770 
9387.168 
9386 .. 473 
9385.990 
9385.876 
9385.,703 
9386.310 
9386.044 
9385 .. 549 
9385.440 
9385.247 
9385.027 
9384.796 
93850485 
9384.,955 
9384. 771 
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 
7i 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 · 
83 
84 
85 
86 
87 
88 · 
89 
90 

Reboiler 

. . 

Operati~g Conditions: 

TABLE XV (continued) 

585.63 
585.65 
585.67 
585.69 
585. 71 
58511174 
585.77 
585.81 
585.84 
5$5.88 
585.93 
585.98 
586.01 
587.05 
587.09 
587.13 
587.17 
587.~l 
587.27 
587.33 
587.39 
587.47 
587.54 
587.64 
587.74 
587.85 
587.97 

. 587.11 
587.27 
587.43 
587.61 
588!1'81 
588.02 
588.25 
588,50 

. 588. 77 
589.05 
589.35 
589 .• 66 
58.9.99 
590.32 
590.66 

· 591 ~00 
591.35 
591.69 
592.02 

Number of stages includi~g reboiler 91 

9383.929 
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 
9426.031 
9425.390 
9422.548 
9219.857 
9416.638 
9l.13.608 
9410.359 
9406 .. 964 

. 9403.421 
9399.778 
9395.336 
9391.666 
9387.866 

. 9384.057 
9380.306 
9376 .. 672 
9374.181+ 
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Feed tray number 

Side cut tray number 

Type of condenser 

Reflux ratio (V1/F) 

Feed, condition 

Feed temper~ture 

TABLE XV (continued) 

Feed bubble point temperature 

Pressure psia 

Distillate rate (D/F) 

Side·cut rate (S/F) 

55 

23 

Subcooled to aa.a°F 

22.98 

Subcooled 

83.0°F 

124.5°F 

84.0 

0.5995 

0.2500 
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TABLE XVI 

PROBLEM VI: VAPOR AND TEMPERATURE PROFILES 

Tra:r Number 

Condenser 
1 
2 
3 
4 
s 
6 
7 
8 
9 

10 
11 
12 
13 
14 

.·.·15 
16 
17 
18 
19 

Re boiler 

Operating Conditions: 

Temperature QR 

562.60 
577.61 
585. 71 
592.99 
600.10 
606.69 
612.57 
634.02 
646.22 
654.91 
662.81 
674.24 
706.28 
708.00 
110.01 
712.31 
714.94 
n8.11 
727.53 
730.93 
756.30 · 

Number of stas,s including reboiler 

Feed I tray number 

Feed II tray number 

· · Type of . condenser 

R~flux ratio (V1/F) 

Feed I condition 

Feed II condition 

Feed I dew point tempera~ure 

Feed II bubble point temperature 

Pressure psia 

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 

20 

7 

12 

. 55.55139 
55.11015 
51.47320 
47.25849 
44.41909 
44.99640 

. 45.67053 
46.42955 
47.22683 
47.93772 
48.16822 

· 46.02955 

Partial 

0.948 

Dew point 

Bubble point 

128.0°F 

267.6°F 

264.7 

0.38 
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TABLE XVII 

PROBLEM VII: VAPOR AND TEMPERATURE PROFILES 

Tray Number Temperature 0 R 

Condenser 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
u 
12 
13 
14 
.15 
16 
17 
18 
19 

Reboiler 

Operating Conditions: 

541.18 
562.46 
570.48 

. 575.59 
581.45 
588.62 
597.21 
617.60 . 
632.05 
644.31 
655.72 
670.04 
704.58 
706.12 
708.0l 
710.27 
712.97 
716.32 
721.01 

· 729. 72 
755.39 

Number of stages including reboiler 

· Feed I tray. number· 

Feed II tray number 

Type of condenser 

Reflux ratio (V1/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) 

Vapor Rate (moles/hr) 

23.00000 
94.80000 
97.03485 
97.10231 
95.41581 
93.74126 
91.70544 
54.79064 
55.13255 
54.75523 
55.07894 
52.30245 
46.28568 
43.04042 
43.54036 
44.15095 
44.87240 
45.67320 
46.44194 
46.79616 
44.87992 

20 

7 

12 

Partial 

o.9480 

Dew point 

Bubble point 

128.0°F 

l26.6°F 

264.7 

0.23 

0.15 
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TABLE XVIII 

PROBLEM VIII: VAPOR ANO TEMPERATURE PROFILES AFTER SIXTY PASSES 

Tray Number Temperature 0 R 

Condenser 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

Reboi ler 

Operating Conditi ons: 

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 (V1/F) 

Feed temperature 

Feed flash ratio (L/F) 

Pressure psia 

Distillate rate (D/F) 

Vapor Rate (moles/hr) 

28 

15 

. 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 
910.35013 
934.53320 
923.62558 
912.73 195 
901.64571 
890.09650 
877 .63260 
863.49689 
846.55124 

Subcooled to 120°F 

1.1954 

285~F 

0.8545 

150 

o. 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: 

Fw.d Thi·s 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. 

Ew.d This type of format specification is used for floating point 

numbers where an exponent is specified. The terms wand 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 
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the Eis raised. An example of this type of format is 

0.1746E-03. This number would be written as 0.0001746 

using an F type format. 
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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 for ready alphameric information such 

as the probleµi identtfication or component names. The 

width of the field is specified by n. By using this type 

of format, alphabetic, numeric, and special characters 

can be read. An example of this type of format is "PIO 

-::~'f'lr TEST RUN NO~ 2. ". 

For a more detailed discussion of the various formats 1i sted above, 

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

~nput Data 

The input .data are pi.inched in the following orderg 

·card 1 

This card is used for identification purposes only. Any type of 

identification info:rrmation can be punched on this card. 

Card 2 

This card contains the eight convergence ,limits used by the program» 

and the specified condenser temperature if required. For a brief disq 

cussion of these limits, the reader is referred to the first page of the 

i.np~t data sheet. Each of these items is a floating point variable with 

~ format of F8.6. 
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Card 3 

This card contains seven variables. The variables are , in order of 

their location on the card, maximum temperature , minimum temper ature, 

convergence fac t or , vapor rate (V1/f), pressure, distillate rate (D/F), 

and time i nt erval. Each of these variables has a specified format of 

FB. 6. The convergence factor cor r esponds to 0' in equation (43) , 

Chapter I II, and is usually set equa l to one. The pressure is used for 

identification purposes only. 

Card 4 

This car d contains ten fixed point constant s. 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), th~ maximum number of passes divi ded 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 one if the holdup is not 

constant), Ptttput test (one if every sixth pass and final results are 

pri nted 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 o~e or more s i de 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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Card 6 

This card is used only if the column has one or more intercoolers. 

It gives the tray number of each intercooler using an I4 type format, 

and the amount of heat 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 ip each feed an,d the 

component identification. The rates are read under an FS.5 type format~ 

and the identification is read under a 2A6 format. The component rate 

, in 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 corresponding location for the missing feed is left blank 

or set equal to zero. The component identification is located in column 

25 through 36. · There is a c.ard for each component, and they are located 

in order of the lightest component first. 

Card 8 

This card is used to read data abot.1t each individual feed streamo 

Thei variables used here are the feed location, feed condition (the reader 

is referred to Input Data Sheet 4 for an explanation of this test )l) feed 

enthalpy (set equal to zero 9 · if it is to be calculated or if dew point or 

bubble point feed), and the feed temperature (set equal to zero if it 

is to be calculated)o There is one card for each feed~ and they are 

loaded in order of the top feed fi~st. The formats used are 14 for the 

first number and F8.6 for the last three variables. 

Card 9 

These data are the coefficients used for calculating the equilibrium 



1< values in. the following fo'1'11l: 

K • A + B(T) + C(T2 ) + D(T3) + E(T4 ) + F(T5) 

These coefficients are all r~ad 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 same order as the feed component cards • 

. Car.ds 10 and 11 
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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 A+ B(T) + C(T2 ) + D(T3 ) + E(T4 ) 
' I 

Each of these coefficients is read under an El2.6 type format. There 

is one card for each compohelilt, and they are loaded in the same order as 

the feed,.with alternate liquid and vapor coefficients, starting with the 

liquid. 

Card 12 ··.·. 

This .card is.used to load the holdup for each tray-. If the holdup 

test is set equal to zero in Card 3, only one card is used; if the test 

is one, there must be one cal'd for each tray, including the condenser 

. and reboiler. The format used is FB.1. Because the holdup and time 

interval are fictitious numbers used for convergence, only the ratio of 

the time interval in Card 3 and the holdup in Card '12 are of importan.ce. 

In order to arrive at a stable· solution, this ratio should be about 

100.0. If the ratio is le$s than 100, the convergence time is greater. 

If the rati Q is larger than 100, t,he convergence time wi 11 generally be 

smaller. The user may experiment wi.,th the size of this ratio for a given 

set of conditions to determine the maximum size ratio that will give .a 

suitable solution. 
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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 mu~~ be used. The only three conditions that can occur 

that will call the program to exit with0t1t completing all of the problem;(s) 

are: (1) the maximum execution time is exceeded, (2) the convergence 

subroutine of the program cannot converge, or (3) 1the flash feed subrou

tine cannot converge. If the maximum number of passes have 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 reboi ler is the maximum number of 

trays as read in Card 4 minus one. 

Erre>r 'Comments 

The following e~ror commefits are given. if they should occur in the 

programs 

A. *·*** W.6.RNINC "'***'·THIS:;·fROBLEM D~D Nat CONVERGE, THE ABOVE 

RESULTS ARI . Ntm- A FINA-L SOLUTI9.N TO..THIS<· PROBLEM: 

!his c~nt is -itt-en if the tUximum number of passes has 

been exceeded ·without the problem converging. The program will 

proceed to the next problem. 

B. MAXIMUM NUMBER OF TRIALS EXCEEDED F-OR FEED • n WILL CALL EXIT: 

This C011111ent is printed if the condition of a flash feed 

cannot converge. The problem is terminated by calling EXIT. 

C. PROBLEM CANNor CONVERGE WILL Ji>R.INT RESULTS THEN CALL EXIT: 

This comment is printed if the over9 all material balance 

does not converge. The results are printed, and the program is 



stopped by calling EXIT. 

D. DEW POINT DID NOT CONVERGE FOR FEED~ WILL SET TEMPERATURE AT 

AND CONTINUE: ---
This comment occurs only while calculating the feed dew 
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point. If this comment is printed, the temperatu·re 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 Q WILL SET COMPOSITION TEST AS CONVERGED AND RETURN: 

This comment can occur if the maximum change in composition 

from one pass .to the next is insignificant. The composition 

convergence test constant wi 11 be set to the converged cong 

· dition, and the program will continue. 

Ot.i.t put 

The output .consists of a stat,ement describing the .condi ti o.ns of 

convergence~ a listing of composition, and the component rate of passing 

liquids and vapor st.reams between each tray, a table of product com

positions and component rates, and a tabular listing of tray temperatu:re 9 

vapor rates, and vapor enthalpy .. The programer has the option of printing 

the results of every six passes and the final results or printing only 

the final results. 



'!!'••• - .. ... r, .,.... ~ •• .., ... ··~· • 

FOR 
OSU TRAY BY TRAY PROGRAM 

PROBLEM I D!NTIFICATION 

1 · 111111111t11 1111 11 m 11111111t111111111t1 1111111 m 11111111t1 1111111 ~ 
CONVERGENCE LIMITS ( See Note) __________ ____,,,.,.___ ___________ .FIXED CONDENSER 

r DEW MATERIAL COMPOSITION TEMPERATURE VAPOR BUBBLE L/F FOR HEAT BALANCE1 TEMPERATURE SET 

1·11 ni1 1r1 lim 1-r-1 mr, ,~n ffff1 1r11irn 1t1 1 ff i1 mrrr~rtfiffiii~n1nrr 
MAXIMUM MINIMUM CONVERGENCE VAPOR RATE PRESSURE 

TEMPERATURE TEMPERATURE FACTOR TOP TRAY( V/Fl 
DISTILLATE 

RATECDIPl 
TIME 

INTERVAL 

1 · 1111 J 11 t 1111111'1'1 111111~ 11111 Lt1 11111 ltl 11111 ttl 11111 M 

I 
I ,. •Ir ..... ... ,. NO&· .... ,. "' IIM .. ' Fiiia lll 

NUMBER OF .SIDE STREAMS 

NUMBER OF INTER COOLERS 
NQI&: CO!!YIRi[Nct UMID 

NUMBER OF FEEDS 
MAXIMUM NUMBER OF TRIALS/30 
CONDENSER TYPE e l·TOTAL; 2-PARTIAL 

NUMBER OF COMPONENTS 

CONSTANT HOLDUP • 0-YES; l•NO 
NTERMEDIATE. PASSES PRINTED e l·NO; 2-YES 

CONSTANT MOLAL OVERFLOW et-YES; 2-NO 
NUMBER OF TRAYS INCWDING CONDENSER AND 
REBOIL ER 

IF THESE ARE LE" BLANC Olt SET !DUAL TO 0.0, 
THE PROGIIAM WILL ASSUME THE FIIUOWINS LIIIIIITI: 

DIEW POINT. • • • • • • • • • • • • • • •• • • G.001 
MATERIAL BALANCE ; •••••• • •••• O.OOOt 
CC.POSITION PIIOl'ILE .•••.•••••• 0.0001 
TEMPPATUltl l'IIOf'tLE •••• : • • • • • O.OOt 
VAPOR .. IIOfl'tLE •••••••••••••• 0.001 
BUBBLE "DINT. • • • • • • • • • • • • • • • o.ooot 
L/F FOR PLASM RED •••••.••••• 0.001 
ENTHALPY 841 ANCE POlt Fl.AIM FEEDS •• tO.O 

...... 
(1\ 



SIDE STREAMS 
TRAY NUMBER 
SIDE STREAM RATE (S/F) 

I 2 sl4 ',1, . , IO II II 

I I FIRST SIDE STREAM 

111 i:rJJl rn 11 SECOND SIDE STREAM 

r 11 1111 1 11 1 11 THIRD SIDE STREAM 

111 111111 I J 11 FOURTH SIDE STREAM 

INTER COOLERS 

I 2 J 4 5 
' 7 
. , 10 II 12 15 14 115 

I 
IS 17 11 

TRAY NUMBER 

HEAT REMOVED PER 
UNIT OF TIME 

FIRST INTER COOLER 

r, 11r11 1111 1 1 J r1 ru SECOND INTER COOLER 

1111 111111 i II 11 11 THIRD INTER COOLER 

11 1 r 11 11 1 11 11 1111 FOURTH INTER COOLER 

111 1 1111111 I I 1111 Fl FTH INTER COOLER 

I I I I 1111 i 1111111] SIXTH INTER COOLER 

...... 

...... 



COMPONENT FEED RATES 
FEED FEED FEED - -

I 8 ·9 "17 

COMPONENT NAME 
24 Z5 I 

I 
I 
I 

I 

i 

I 

I 

! 
I 
I 
I 

JI 

....... 
(X) 



·FEED DATA 

. {

I·- IF ENTHALPY IS SPECIFIED 
TRAY NUMBE.R 2 - IF TEMPERATURE .IS SPEC. IFIED 
FEED CONDITION 3 - IF L/F JS SPECIFIED 
FEED ENTHALPY 4 - IF AT OR BELOW BUBBLE POINT 
PER MOLE FEED 5 - IF AT OR ABOVE DEW POINT 

VF FOR FLASH FEED 

FEED TEMPERATURE 

I .. 5 I t I ! 16 171 2425 I 1 :sz 

1 
I 
I J I FEED I 

I I I l l I I l I I l I j l I 11 I I j I I 111 I 111 j 111 FEED 2 

lTIIIrntrrITITDTT·1 1111 t 11111111 FEED 3 

"'-I 

'° 



COEFFICIENTS FOR EQUILIBRIUM VALUES 
A 8 c 

I I 112 ,s1 124 25 

I I I I ! 
I I 

I i i I i 
I I ; 

i 
I 

I l i I 

I 

I 
I 

I 
I 

I 

! 

I 

I 

D E 
MST 414! 

I 
I 

I 
I 

i 
I 

I 

I 
! I i 

i 
I 

I 
I 

' 

I 
i 
I 

' I i 
I 
! 

I 
I 

I 
1 
I 

F 
,..., I I 

I 
! 

I 
i 

I 

I 

I 

I 

I 

I 

, 

n 

(X) 

0 



COEFFICIENTS FOR VAPOR AND LIQUID ENTHALPY 
A B c D 

I 1 12113 24 ts MS7 -i-

I I 

I 

I 

' 

I 

fff 14151 6 171' I ONE CARO IF HOLDUP TEST IS O 
ONE CARO FOR EACH TRAY IF HOLDUP TEST IS I 

E 
'"" 

LIQUID} 
· COMPONENT I 

VAPOR 

LIQUID} 
COMPONENT 2 

VAPOR 

LIQUID} 
COMPONENT 5 

VAPOR 

LIQUID} 
COIIPONE NT 4 

VAPOR 

LIQUID} 

VAPOR 
COIIPONEN! 5 

LIQUID} 
COMPONENT 6 

VAPOR 

LIQUID} 
COIFONENT 7 

VAPOR 

LIQUID} 
COMPONENT 8 

VAPOR 

LIQUID} COMPONENT 9 
VAPOR 

LIQUID} . · 
COIIPONENTIO 

VAPOR 

LIQUIDJ 
COMPONENT 11 

VAPOR 

LIQUID} 
COMPONENT 12 

VAPOR 

00 -



APPENDIX C 

BLOCK DIAGRAMS 
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BLOCK DIAGRAM FOR ENTIRE PROGRAM 

~~----~--~R_e_a_d~D_a_t_a __________ __. 

Print Data 

Calculate Feed Conditions 

Calculate Initial Composition Profile 

Calculate Initial' Temperature Profile 

Calculate Initial Vapor Profile 

Calculate New Composition 

Profile by Relaxation Method 

Is Condenser Temperature Fixed? 

Calculate New Condenser Temperature 

Force External Material Balance 
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c 

Calculate New Temperature Profile 

Constant Molal Overflow? 

Calculate New !apor Profile 

Continue 

Go to B 

Converged? 

Maximum lifumber of 
Trials Exceeded? 

End 

Print Answers 

Go to A 

Print Results From 

Last Pass 

Go to A 
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BLOCK DIAGRAM OF CONVERGENCE PROCEDURE (SUBROUTINE CNVRG) 

Calculate Component Product Rates 

I 
r Calculat~ Temporary Fee<;i 

Component.Rates 

I 
DO C N=l, Number of Products .. 1 

I 
Calculate Temporary Bottoms 

Product Rates 

I 
Calculate Ratio of Temporary 
Bottoms Component Rate to Product 
Component Rate (R) 

I 
Set Theta,.. 1.0 

I 
DO B M=l, 25 

I 
I :~o A I=l, Number of Compon~nts J 

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

Accumulator Overflow? 

Continue 

. ~ PI for Each Component 

Is ABSF (Sum - Product Rate) 4 
Acceptable Error.? 

Solve for New Theta by 
Newton 9s Method 

B 

Continue 

~w\-ite Pro~lem Cannot Converge 

Call Exit 

Correct Product Composition 

Calculate New Temporary. 
Feed Component Rate 

PI= O.O 

--·--------~---------!-
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Continue 

Return 

End 



BLOCK DIAGRAM FOR RELAXATION TECHNIQUE (SUBROUTINE XVAL) 

DOB N=l, Number of Trays+ 2 

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

Does N = Condenser Number? 

Set Correction of d 0 for 
Total Condenser= 0 

Calculated' in Equation (46) 
Modified for Condenser 

Go to A 

Total Condens~r? 
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Calculate b' for 
Total Condenser 

Calculate .Correction of 
d 0 for Total Condenser 



Does N = Reboiler Number? 

Calculate d' for Re boiler 

Go to A 

Does N = Side Cut Tray Number? 

Calculated' for Side Cut 

Calculated' for Ordinary 
Tray 

Does N = Feed Tray Number? 

Go to A 

Correct d' for Liquid 
Port:!. on of Feed 
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L~ Go to A 
. .___:;;_;;:_,~__, 

1 



B 

Does N • Number of Tray Just 
. Below Feed Tray? 

Calculate hand gin 

Correct d' for Vapor Part 
of Feed 

Equations (47) - (50) for Matrix 

Solve Matrix for 

Tray-. Compositions 

Return 

End 
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PROGRAM LISTING 
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• 
* • 
CMAIN 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

XEQ 
LISTI 
LABEL 

••••• 
OeSeUe TRAY BY TRAY 

NOMENCLATURE OF FORTRAN SYMBOLS 
AK 
ALI Ml 
ALIM2 
ALIM3 
ALIMlt 
ALIM5 
ALIM6 
ALIM7 
ALIM& 
BETA 
Bl 
BK 
BTMS 
CFO 
CK 
DELT 
DI 
DK 
DOF 
DSPEC 
EK 
ENLO 
ENLl 
ENL2 
ENL3 
ENL4 
ENVO 
ENVl 
ENV2 
ENV3 
ENV4 
EQUll 
EQUI 
F 
FORT 
FK 
FLDRl 
FLDR2 
FRACT 
G 
HFED 
HFLQD 
HFUPR 
HHST 
HLDP 
ICON 
IDHDP 
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 LIOUID 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 ENT HALPY EQUATION 
EQUILIBRIUM K VALU E 
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 SUBROUT INE 
FEED ENTHALPY 
ENTHALPY OF LlOUID PORTION OF FEED 
ENTHALPY OF VAPOR PORTION OF FEED 
HEAT HEMOVED BY .INTERCOOLER 
TRAY H')LDUP 
TYPE OF CONDENSER TEST 
HOLDUP TEST 
CONST ANT TO SET MAXIMUM NUMBER OF TRIALS 
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l 
2 
3 

0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
00'33 
0034 
0035 
0036 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
0050 
0051 
0052 
0053 
0054 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

IMAX 
IOTPT 
ITMST 
IVPR 
LTEST 
MTEST 
NFOS 
NFPT 
NHTM 
NHTMS 
NIN 
NMAX 
NOUT 
NSTM 
NSTMS 
NTEST 
PIO 
PI 
POP 
PRESS 
QREB 
REFLX 
RTFX 
SDSR 
SFOJ 
SMFD 
SOF 
TCON 
TFED 
THETA 
TMAX 
TMIN 
TOTI 
T 
VPRR 
x 
XFEO 
XNAME 
YFED 
***** 
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 ANO REBOILER 
OUTPUT TAPE DRIVE NUMBER 
SIDE STREAM TRAY NUMBER 
NUMBER OF SIDE STREAMS 
CONVERGENCE TEST 
PROBLEM IDENTIFICATION 
PRODUCT COMPONENT RATE 
RATIO OF TEMPORARY BOTTOMS ANO 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 LlQUIO PART OF FEED 
COMPONENT NAME 
MOLE FRACTION OF VAPOR PART OF FEED 

DUMMY VARIABLES 
J 
JB 
JFO 
JHE 
JHEl 
JJ 
JJMP 
JK 
JPH 
JRJ 
JSA 
JSB 
JX 

N6 
N7 
NB 
N879 
PROO 
Q 
OBT 
QCONO 
QI I 
OREB 
QSTM 
RTX 
SMHl 

***** 
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0055 
0056 
0057 
0058 
0059 
0060 
0061 
0062 
0063 
0064 
0065 
0066 
0067 
0068 
0069 
0070 
0071 
0072 
0073 
0074 
0075 
0076 
0077 
0078 
0079 
0080 
0061 
0062 
0063 
0084 
0065 
0066 
0067 
0088 
0089 
0090 
0091 
0092 
0093 
0094 
0095 
0096 
0097 
0098 
0099 
0100 
0101 
0102 
0103 
0104 
0105 
0106 
0107 
0108 
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c BXXB J3X SMH2 0109 
c c J4X SMI 0110 
c CONl JS SMIX 0111 
c cxxc JSX SMIZ 0112 
c 0 J7 SMST 0113 
c DA Jl2 SMXl 0114 
c 08 K SS 0115 
c OD KB SSS 0116 
c DEL KBX SUFO 0117 
c OELB KBY SUM 0118 
c DELO KC SUMl 0119 
c DEL TT. KO SUMO 0120 
c DIF KHB SUML 0121 
c DTL KJ SUMX 0122 
c FB KK T 0123 
c FD KONT TBOT 0124 
c FL KX TBUB 0125 
c FLOV KXXX TDEP 012"6 
c FV Kl TDP2 0127 
c FX L THET 0128 
c H LKB TOTX 0129 
c HBT LL TOTY 0130 
c HBTX LLL. TREB 0131 
c HOIST LN TSR 0132 
c HFLX LOO KE TT 0133 
c HLQD LOP TTOP 0134 
c HLQDI LX Tl 0135 
c HLQOl Ll Tl T 0136 
c HLTl M. T2 0137 
c HLT2 MM T3 0138 
c HRFX MMM T4 0139 

.C HVAL MVPR TS 0140 
c HVl MMl T7 0141 
c HVPR Ml v 0142 
c HVPRI MS VAP 0143 
c HVPR2 N XAX 014.4 
c HVTI NCVG XF. 0145 
c HX NFDSP XFLX 0146 
c HlI NI XMAX 0147 
c I NIP XNO 0148 
c ICON NM XSTG 0149 
c IDHM NN xx 0150 
c IDSM NNN xxx 0151 
c iFDC NPDS · YFLX 0152 
c IFLG NS YV 0153 
c IFLX NTIME VY 0154 
c IHBAL NUFH Yl 0155 
c INC NXX Yll 0156 
c INCX NYX Y2 0157 
c INDI NYZ Y22 0158 
c IPAGE. Nl 0159 
c IX NlSlN 0160 
c IXS N2 0161 
c a N2X 0162 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
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••••• 
LIST OF 
MAIN 
REDIN 
DATA 
GNRL 
FSTVP 
FRSTX 
FRSTT 
XFEED 
FLASH 
XVAL 
CNVRG 
OEWPT 
ENTHL 
TOFLO 
PAGE 
FLDRT 
KVAL 
BUB PT 
OTPT 
VPRRT 

***** 

N5 

REQUIRED SUBROUTINES 
MAIN PROGRAM 
READ INPUT DATA 
PRINT INPUT DATA 
CALCULATES DISTILLATE,BOTTOMS,AND FEED RATES 
CALCULATES INITIAL VAPOR PROFILE 
CALCULATES INITIAL COMPOSITION PROFILE 
CALCULATES INITIAL TEMPERATURE PROFILE 
CALCULATES FLASH FEED CONDITIONS 
CALCULATES FLASH EQUATION 
CALCULATES NEW COMPOSITiON PROFILE 
FORCES EXTERNAL MATERIAL BALANCE 
DETERMINES DEW POINT 
DETERMINES ENTHALPY 
DETERMINES LIQUID RATE 
NUMBERS PAGES 
DETERMINES LIQUID RATE 
DETERMINES K VALUES 
DETERMINES BUBBLE POINT 
PRINTS ANSWERS 
CALCULATES NEW VAPOR PROFILE 

DIMENSION RTFX13,251,SDSRl41,PIDl121,SFDJl251, 

••••• ••••• 

••••• 
l Tl2001,HLDPl200),NSTMl41,SOFl4l,NFPTl3l,HFEDl3ltNHTMl61,HHSTl61 
2 ,AK I 2 51 , BK I 25 l , CK I 25 l , DK I 25 I , EK I 2 5 l , F KI 2 51 , ENLO I 2 5 l , ENLl I 25 l , ENL2 I 
325l,ENL31251,ENL4125l,ENVOl25l,ENV11251,ENV2125l,ENV3125l,ENV41251 
4,EOUI 1251 ,FRACTl31,FDRT13l ,Xl200,25l ,Fl200,25l ,Gl200,251 ,VPRRl200l 
5,EOUl1125l ,XFED13,25l,YFED13,25l,Dl(251,Bl125l,XXX(251,TF 
6ED(31,XNAME125t21,Qll(251,SSSl25l,HFLOD(25l,HFVPR125l,ITMSTl31,RTX 
7(31,PI15,251,TOTl(25l,CFDl251,POPl25l 

COMMON NOUT,NIN,SMFD,DSPEC,DOF,IDSM,NSTMS,SOF,NFDS,IMAX,NMAX, 
lTMAX,TMIN,BETA,DELT,ALIMl,AL!M2,ALIM3,ALIM4,ALIM5,ALIM6,ALlM7,ALIM 
28,NHTMS,PRESS,IDHM, OREB,BTMS,SMST,IFLIP,THETA ,RTFX,PID, 
3SDSR,SFDJ ,sss,T,HLDP,NSTM,NFPT,FLOV,HFED,NHTM,HHST,AK,BK,CK,DK, 
4cK,FK,ENLO,ENLl,ENL2,ENL3,ENL4,ENVO,ENVl,ENV2,ENV3,ENV4,FRACT,FDRT 
5,EOuI,X,F,G,VPRR,CONl,REFLX,Bl,DI,TFED,LTEST,MTEST,NTEST,IHBAL,XNA 
6ME,QII,TSR,EQull, xFED,YFED,HFLQD,HFVPR,ITMST,TCON,IOTPT,RTX, 
7 PI,TOTl,CFD,POP,IVPR,IPAGE,NlSlN,XXX 

TEST CONSTANTS VALUE MEANING 
IVPR 1 CONSTANT MOLAL OVERFLOW 
IVPR 2 NON CONSTANT MOLAL OVERFLOW 
!FLIP N MAXIMUM NUMBER OF PASSES= 30*N 
ICON 1 TOTAL CONDENSER 
ICON 2 PARTIAL CONDENSER 
IDHDP O ALL TRAYS HAVE SAME HOLDUP READ 1 CARD 
IDHDP l NOT ALL TRAYS HAVE SAME HOLDUP READ 

IOTPT 
IOTPT 
IOTPT 

1 
2 
3 

NMAX CARDS 
IN TERMED I ATE 
RESULTS FROM 
RESULTS FROM 
AND TERMINAL 
EVERY PASJ 

RESULTS ARE NOT PRINTED 
EVERY 6 PASSES ARE PRINTE 
EVERY 6 PASSES ARE PRINTED 
COMPOSITIONS ARE PRINTED 
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0163 
Ol61t 
0165 
0166 
0167 
0168 
0169 
0170 
0171 
0172 
0173 
0174 
0175 
0176 
0177 
0178 
0179 
0180 
0181 
0182 
0183 
0184 
0185 
0186 
0187 
0188 
0189 
0190 
0191 
0192 
0193 
0194 
0195 
0196 
0197 
0198 
0199 
0200 
0201 
0202 
0203 
0204 
0205 
0206 
0207 
0208 
0209 
0210 
0211 
0212 
0213 
0214 
0215 
0216 



96 

c FEED CONDITIONS FOR FEED N 0217 
c ITMSTCN I 1 ENTHALPY IS GIVEN CALC• LOF AND TEMPe 0218 
c ITMST C NI 2 TEMP IS GIVEN CALCe LOF ANO ENTHALPY 0219 
c ITMSTINI 3 LOF IS GIVEN CALC• TEMP• AND ENTHALPY 0220 
c ITMSTINI 4 FEED IS AT OR BELOW BUBBLE POINT 0221 
c ITMSTINI 5 FEED IS AT OR ABOVE DEW POINT 0222 

907 IPAGE•O 0223 
NlSlN•O 0224 
NIN•5 0225 
NOUT•6 0226 
CALL REDINIICONI . 0227 
ICON•ICON 0228 
NMAX•NMAX 0229 
IVPR•IVPR 0230 
IOTPT,.IOTPT 0231 
CALL GNRL 0232 
CALL DATAIICONI 0233 
CALL XFEED 0234 
CALL FRSTX 0235 
CALL FRSTT 0236 
CALL FSTVPIICONI 0237 
MVPR•O 0238 
KBY"O 0239 
IHBALcl 0240 
LOPcO 0241 
JJMP•l 0242 
IFITCONl821,909t$21 0243 

821 TINMAXl=TCON 0244 
909 DO 4 KB=l,30 0245 

KBY•KBY+l 0246 
MVPR=MVPR+l 0247 
LTEST =O 0246 
MTEST=O 0249 
NTEST=O 0250 
CALL XVAL(lCONl 0251 
GO TOl21,221,ICON 0252 

22 IFITCONl23,23,21 0253 
23 TT=TI NMAX I 0254 

IND! =O 0255 
CALL BUBPTINMAXtTT,!ND!,XXI 0256 
TI Nl<IAX I =TT 0257 

21 CALL CNVRGIICONI 0256 
NXX.,NMAX 0259 
lf1TCONl24o24,25 0260 

25 NXX=NXX-1 0261 
24 DO 3 N=l,NXX 0262 

TT .. TINI 0263 
JNDl,.O 0264 
CALL BUBPTINtTT,INDl,XXI 0265 

3 TIN I "TT 0266 
GO T0140,451,IVPR 0267 

45 IHBAL•2 0268 
GO TOllOl,1021,JJMP 0269 

102 MVPR=3 0270 



101 NTEST•l 
JFCMVPR-3140,41,40 

41 MIIPR•O 
NTEST•O 
CALL \IPRRTCJCONI 

40 JJ•l 
IFILTESTl908,902,908 

902 IFCMTESTl908,903,908 
903 JJMP•2 

IFINTESTl908,904,908 
904 JJ•2 

GO TO 31 
908 GO T0190l,3l,311,IOTPT 

31 LOP•LOP+l 
IFILOP-6 1901,33,901 

33 LOP•O 
CALL OTPTIJJ,KBY,ICONI 
GO T0190l,9071,JJ 

901 CONTINUE 
4 CONTINUE 

IFLIP•IFLIP-l 
IFIIFLIP1906,906,909 

906 N6•3 
CALL OTPTIN61KBX,ICONI 
WRITE OUTPUTTAPE NOUT,6 

6 FORMAT1l07H ****WARNING**** THIS PROBLEM DID NOT CONVERGE, THE AB 
lOVE RESULTS ARE NOT A FINAL SOLUTION TO THIS PROBLEM///25H WILL G 
10 TO NEXT PROBLEM) 

GO TO 907 
END 

* LISTS 
it LABEL 
CREDIN OaSoUa TRAY BY TRAY 

SUBROUTINE RED1Nl!C0Nl 
DIM ENS ION RTFX1i,251,SDSRl4l,PIDl1211SFDJl25l1 

1 Tl 2001,HLDP 12001,NSTMl41,SOF141,NFPT13> ,HFED131,NHTMl6l ,HHSTl61 
2, AK l 2 5 l , BK I 2 5 l , CK l 25 l t DK I 2 5 l t EK ( 25 l • f KI 2 5 I , ENLO I 2 5 I • ENLl I 25 l • ENL 21 
325> , ENL3125l ,ENL4125l ,ENVOl25l ,ENV1 l25l ,ENV2125l ,ENV3125l ,ENV41251 
4 t EOU I I 2 5 l , F RAC TI 3 l • FDR TI 3 l •XI 2 00, 25 I •Fl 2 00 ,2 5 l • G ( 2 00 • 2 5 l • VPRR I 2 00 I 
5,EOU!ll25l ,XFEDt3,25l,YFEDt3,25l,Dl125l,81125l,XXX125l,TF 
6ED(3 l,XNAMEl25,2l ,Qil(251,SSSl25l,HFLQDl251,HFVPR!25l,ITMSTl31,RTX 
1 ( 3 l , PI I 5, 2 5 l , TOT I < 25 l •CFO< 25 l , POP I 2 5 l 

COMMON NOUT,NIN,SMFD,DSPEC,DOF,IDSM,NSTMS,SOF,NFDS,IMAX,NMAX, 
lTMAX,TMIN,BETA,DELT,ALIMl,ALIM2,ALIM3,ALIM4,ALIM5,ALIM6,ALIM7,ALIM 
28,NHTMS,PRESS,IDHM, QREB,BTMS,SMST,IFLIP,THETA ,RTFX,PID, 
3SDSR,SFDJ ,SSS,T,HLDP,NSTM,NFPT,FLO V, HFED,NHTM,HHST,AK,BK,CK,DK, 
4EK,FK, ENLO,ENLl,ENL2,ENL3,ENL4,ENVO,ENVl,ENV2,ENV3,ENV4,FRACT,FORT 
5,EOuI,x,F,G,VPRR,CONl,REFLX,Bl,Ol,TFED,LTEST,MTEST,NTEST,IHBAL,XNA 
6ME,Oil,TSR,EQU!l, XFED,YFED,HFLOD,HFVPR,ITMST,TCON,IOTPT,RTX, 
1 PI,TOTl,CFD,POP,IVPR,IPAGE,NlSlN,XXX 

READ 1NPUTTAPE NIN1l0011P101Ild•ltl2l 
100 FOR"IAT112A6l 

READ INPUTTAPE NIN 11,ALJM1,ALIM2,ALIM3,ALIM4,ALIM5,ALIM6,AL[M7,ALI 
lM81TCON 
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0271 
0272 
0273 
0274 
0275 
0276 
0277 
0278 
0279 
0280 
0281 
0282 
0283 
0284 
0285 
0286 
0287 
0288 
0289 
0290 
0291 
0292 
0293 
0294 
0295 
0296 
0297 
0298 
0299 
0300 
0301 
0302 
0303 
0304 
0305 
0306 
0307 
0308 
0309 
0310 
0311 
0312 
0313 
0314 
0315 
0316 
0317 
0318 
0319 
0320 
0321 
0322 
0323 
0324 



IFCALIM1170,70,71 
70 ALIMl•OeOOl 
71 IFCALIM2172,72,73 
72 ALIM2•0.0001 
73 IFIALIM3174,74,75 
74 ALIM3•0e0001 
75 lFIALIM4176,76,77 
76 ALIM4•0.001 
77 IFCALIM5178,78,79 
78 ALIM5•0e001 
79 IFIALIM6180,80,81 
80 ALIM6•0,0001 
81 IFIALIM7182,82,83 
82 ALIM7•0o001 
83 IFIALIM8184184185 
84 ALIM8•10o0 
85 READ INPUTTAPE NINt31TMAX1TMIN1BETA,REFLXtPRESStDOF1DELT 

3 FORMAT<7F8e61 
1 FORMA Tl 9F8e 61 

READ INPUTTAPE NIN,21NSTMS1NHTMS,NFDS,IFLIP,JCON1IMAX,IDHDP1JOTPT, 
lIVPR,NMAX 

2 FORMA TC 9 I 3 , I 41 
IFINSTMSl6616615 

5 DO 4 KK•l,NSTMS 
K• NSTMS -KK+l 
READ INPUTTAPE NIN,6,NN,SOFIKI 
NSTMIK)sNMAX-NN 

6 FORMATll4,F8eSI 
4 CONTINUE 

66 IFINHTMSl67,67,8 
8 00 7 LL ~1,NHTMS 

L=NHTMS-LL+ l 
READ INPUTTAPE NIN,9,NN,HHSTCLI 
NHTM(Ll=NMAX-NN 

9 FORMATCl4,El4e81 
7 CONTINUE 

67 DO 10 I=l,IMAX 
105 READ INPUTTAPE NIN,106,CRTXCKl,K•l,31,IXNAMEll,Jl,J•lt21 
106 FORMAT13F8o5,2A61 

DO 10 LL•ltNFDS 
LLL=NFDS-LL+l 
RTFXILLL,Il=RTXILLI 

10 CONTINUE 
DO 46 KK,.l,NFDS 
K .. NFDS-KK+l 

103 READ INPUTTAPE NIN,1041NN,ITMSTIKl1~FEOIKl,FRACTIKl1TFEDCKI 
NFPTIKl,.NMAX-NN 

104 FORMAT(214,3F8o61 
46 CONTINUE 

DO 20 I =l, IMAX 
107 READ INPUTTAPE NIN,l081AKlll1.BKlll1CKlll,OKll.l,EKlll1FKCII 
108 FORMATl6El2o61 
20 CONTINUE 

DO 21 I = l • I MAX 
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0325 
0326 
0327 
0328 
0329 
0330 
0331 
0332 
0333 
0334 
033' 
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 



READ INPUTTAPE NIN,22,ENLOCll,ENLllll~ENL2ClltENL3111,ENL4111 
READ INPUTTAPE NlN,22,ENVOlll,ENVllll,ENV211leENV3111,ENV4CI& 

22 FORMATC5El2a6! 
21 CONTINUE 

IFIIOHDPl13,13,ll 
13 READ INPUTTAPE NlNt14,HLDPlll 
14 FORMA TC FS.11 

DO 15 N=l,NMAX 
15 HLDPINl•HLDPlll 

GO TO 16 
l l 00 33 NNs l tNMAX 

N•NMAX-NN+l 
33 READ JNPUTTAPE NlN,145,HLDP!NI 

145 FORMATIF8ell 
16 CONTINUE 

RETURN 
END 

* LISTS 
* LABEL 
CDATA o.s.u. TRAY BY TRAY 

SUBROUTINE DATAIICONI 
DIMENSION RTFXl3t25J ,SDSRl41,P1Dll21,SFDJl251, 

l T!2001tHLDPl2001tNSTMl41tSOF141,NFPTl31,HFEDl31,NHTMl61tHHSTl6J 
2,AK1251,BKl251,CKC251,DKC251,EKl25JtFK1251,ENLOl251,ENL1125J,ENL24 
325l,ENL31251,ENL41251,ENVOl251,ENV11251,ENV21251,ENV31251,ENV41251 
4,EQUll251,FRACTl31,FDRTl31,Xl200,251,Fl200,25l,Gl200,251,VPRRl2001 
5,EQUllC251 ,XFED13,251,YFED13,251,Dl1251,Bll251,XXXl251,TF 
6ED(31,XNAME125,21,QII!25ltSSS(25),HFLQDf251,HFVPRC251,lTMSTl31,RTX 
713l,Pl15,251,TOT11251,CF0125l,POPl251 

COMMON NOUT,NIN,SMFD,DSPEC,DOF,IDSM,NSTMS,SOF,NFDS,lMAX,NMAX, 
lTMAX,TMIN,BETA,DELT,AL1Ml,ALIM2,ALlM3,ALlM4,ALlM5,ALlM6,ALlM7,ALIM 
28,NHTMS,PRESS,IDHM, QREB,BTMS,SMST,IFLIP,THETA ,RTFX,PlD, 
3SDSR,SFOJ .sss,T,HLDP,NSTM,NFPT,FLOV,HFEO,NHTM,HHST,AK,BK,CK,DK, 
4EK,FK,ENLO,ENL1,ENL2,ENL3,ENL4,ENVO,ENV1,ENV2,ENV3,ENV4,FRACT,FDRT 
5,EOUioXeF,G,VPRR,CONl,REFLX,BI,DI,TFED,LTEST,MTEST,NTEST,lHBAL,XNA 
6ME,Oll,TSR,EQU11, XFED,YFED,HFLQD,HFVPR,ITMST,TCON,IOTPT,RTX, 
7 PI,TOTieCFD,POP,IVPR,IPAGE,NlSlN,XXX 

CALL PAGE 
WRITE OUTPUTTAPE NOUT,1 

1 FORMATl5H DATA> 
WRITE OUTPUTTAPE NOUT,3tALIMl,ALIM2,ALIM3,ALIM4,ALIM5,ALIM6oALIM7, 

!ALIMO 
3 FORMATl37H LIMITS FOR CONVERGENCE OF DEW POINT=,F8e6/25X,24H CONVE 

lRGENCE SUBROUTINE=,F6.6/25X,21H COMPOSITION PROFILE=,F8.6/25X,21H 
2TEMPERATURE ?ROFILE=,F8e6/25X,15H VAPOR PROFILE=,F8o6/25X,l4H BUBB 
3LE POl"lT.,,F8.6/25X,21H LOF FOR FLASH FEEDS=,F8e6125Xo34H ENTHALPY 
4BALANCE FOR FLASH FEEDS•,F8e41 

WRITE OUTPUTTAPE NOUT,4,NSTMS,NHTMS,NFDS,IFLIP,IMAX,NMAXolCON 
4 FORMATl24H NUMBER OF SIDE STREAMS=,13/10X,15H INTER COOLERS=J3/lOX 

l ,7H FEEDS= ,I 3/lOX, llH PASSES/ 30=.t I 4/lOX o 12H COMPONENTS= ,13/ lOX, 41H 
2 STAGES INCLUDING CONDENSER AND REBOILER=,14/19H TYPE OF CONDENSER 
3., I 3 I 

WRITE OUTPUTTAPE NOUT,5,TMAX,TMIN,BETA,REFLX,PRESS, DOF,DELT 
5 FORMAT!6H TMAX=,FS.3/6H TM1N=,F8o3/2.0H CONVERGENCE FACTQR:tf6o4/20 
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0379 
0380 
0381 
0382 
0383 
0384 
0385 
0386 
0387 
0388 
0389 
0390 
0391 
0392 
0393 
0394 
0395 
0396 
0397 
0398 
0399 
0400 
0401 
0402 
0403 
0404 
0405 
0406 
0407 
0408 
0409 
0410 
0411 
0412 
0413 
0414 
0415 , 
0416 
0417 
0418 
0419 
0420 
0421 
0422 
0423 
0424 
0425 
0426 
0427 
0426 
0429 
0430 
0431 
0432 



lH REFLUX RATIO (V/F)•F8o5/10H PRESSURE•F8o3/19H RATIO OF DOVER F= 
2F8·o,6/15H TIME INTERVAL=Fl0o5) 

GO lOl60,6lltlVPR 
61 WRit,E OUTPUTTAPE NOUT,67 

GO TO 70 
60 WRITt OUTPUTTAPE NOUT,66 
66 FORMATC26H C$T MOLAL 0/FL IS ASSUMED! 
67 FORMATC28H NON CSTe MOLAL 0/FL ASSUMED! 
70 JFITCONl162,l62tl63 

163 WRITE OUTPUTTAPE NOUT,164,TCON 
164 FORMATl32H CONDENSER TEMPERATURE IS SET AT Fl0o41 
162 IFCNSTM517,8,7 

7 DO 89 KK•l,NSTMS 
K•NSTMS-KK+l 
MMM•NMAX-NSTMCKI 

9 WRITE OUTPUTTAPE NOUT161K1MMM1SOFiKI 
6 FORMATC2rH SIDE STREAM NUMBER=,14/27H TRAY NUMBER OF SIDE STREAM,1 

l4/34H RATIO OF SIDE STREAM RATE TO FEED,Fl0o61 
89 CONTINUE 

B JFCNHTMSlllltlll,10 
10 DO 11 LLal,NHTMS 

L•NHTMS-Ll.+1 
NN"NMAX-NHTMCLI 

ll WRITE OUTPUTTAPE NOUT,12,NN,HHSTCLltL 
12 FORMAlC29H TRAY NUMBER OF INTER COOLER•l4/24H HEAT REMOVED BY COOL 

lER•,El4o8/lSH COOLER NUMBER•l41 
111 CALL PAGE 

WRITE OUTPUTTAPE NQUT,16 
16 FORMATl36H COEFFICIENTS FOR EQUILIBRIUM VALUES! 

00 l 7 I "l , I MAX 
17 WRITE OUTPUTTAPE NOUT 1181 CXNAMEC 1,J> ,J•l ,2 I ,AKI 11 ,BK( I ltCKI I> ,DKC I 

lltEK(lltfKCII . 
18 FORMAT(lH ,2A6,2H ,6El2o41 

CALL PAGE 
WRITE OUTPUTTAPE NOUT,19 

19 FORMATl42H COEFFICIENTS FOR LIQUID ENTHALPY fQUAT1bNI 
DO 20 I• l, I MAX 

20 WRITE OUTPUTTAPE NOUT,24,IXNAMElltJl,J•l,21,ENLOCJl,ENLllll~ENL211 
l I ,ENL31 I l ,ENl.4111 

CALL PAGE 
WRITE OUTPUTTAPE NOUT ,22 

22 FORMATl41H COEFFICIENTS FOR. VAPOR ENTHALPY EQUATJONl 
DO 23 I•l,JMAX 

23 WRITE OUTPUTTAPE NOUT,24,IXNAM£i!,Jl,J•l,21,ENVOCll,ENVlC11,ENV2CJ 
1l,ENV311 l ,ENV41 I I 

24 FORMATllH ,2A6,2X,5El6••~ 
CALL·PAGE 
WRITE OUTPUTTAPE NOUT,25 

25 FORMATC22H TRAY HOLDUP TRAY NOi. 
. DO 26 NN=ltNMAX 

N•NMAX-NN+l 
NNN*NN-l 

26 WR I TE OUT PUTT APE NOUT, 27.,HLOP IN ltNNN 
27 FORMAT<lX,Fllo4t7X,I41 
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0433 
0434 
0435 
0436 
0437 
0438 
0439 
0440 
0441 
0442 
0443 
0444 
0445 
0446 
0447· 
0448 
0449 
0450 
0451 
0452 
0453 
0454 
0455 
0456 
0457 
0458 
0459 
0460 
0461 
0462 
0463 
0464 
0465 
0466 
0467 
0468 
0469 
0470 
04 71 
0472 
0473 
0474 
0475 
0476 
0477 
0478 
0479 
0480 
0481 
0482 
0483 . 
0484 
0485 
0486 



NN•NMAX-1 
WRITE OUTPUTTAPE NOUT,121,NN 

121 FORMATl19H REBOILER IS NUMBER 14/22H CONDENSER NUMBER IS 01 
RETURN 
ENO 

* LISTS 
* LABEL 
CFRSTX o.s.u. TRAY BY TRAY 

SUBROUTINE FRSTX 
DIMENSION RTFX13,251,SOSRl41,PI0112ltSFOJl25>, 

l Tl2001tHLOPl2001tNSTMl41,SOFl4ltNFPTl31tHFEOl3ltNHTM16ltHHSTl61 
2 t AK I 2 51 , BK I 25 I t CK I 25 I , OK I 251 , EK ( 251 , FK I 2 51 , ENLO I 2 5 I , ENLl I 25 I t ENL 2 I 
325ltENL31251,ENL41251,ENV01251,ENV11251,ENV21251,ENV31251,ENV4125> 
4,EQUll251,FRACTl3ltFORTl3l,X1200,251,Fl200,251,Gl200t251,VPRRl2001 
5,EQUl11251 ,XFE013,25l,YFEOl3,251,011251,Bll25ltXXX1251,TF 
6E013ltXNAME125,21t011(251tSSSl251,HFL001251,HFVPRl251,ITMSTl3),RTX 
7 I 3 I , PI I 5 t 2 5 I t TOT l I 2 5 I , CFO I 25 I , POP ( 25 I 

COMMON NOUT,NIN,SMFO,DSPEC,DOF,IDSM,NSTMS,SOF,NFOS,IMAX,NMAX, 
lTMAX,TMIN,BETA,DELT,ALIMl,ALIM2,ALIM3,ALIM4,ALIM5,ALlM6,ALIM7,ALlM 
28,NHTMS,PRESS,IDHM, OREB,BTMS,SMST,IFLIP,THETA ,RTFXtPIO, 
3SDSR,SFOJ ,sss,T,HLDP,NSTM,NFPT,FLOV,HFEO,NHTM,HHST,AK,BK,CK,DK, 
4EK,FK,ENLO,ENLl,ENL2tENL3,ENL4,ENVO,ENV1,ENV2,ENV3,ENV4,FRACT,FORT 
5,EOUI,x,F,G,VPRR,CONl,REFLX,Bl,Dl,TFED,LTESTtMTEST,NTEST,IHBAL,XNA 
6ME,Oil,TSR,E0Ullt XFED,YFED,HFLOO,HFVPR,ITMST,TCON,IOTPTtRTX, 
7 Pi,TOTJ,CFD,POP,IVPR,IPAGE,NlSlN,XXX 

DO l l•l, IMAX 
Bl l ll • OoO 

l OJ l ll•OoO 
OIF • OSPEC 
00 2 I• l t I MAX 
DIF•DIF-SFDJIII 
IFIDIF120,20,3 

20 Ollll•DIF+SFOJIII 
GO TO 6 

3 Dllll•SFOJIII 
2 CONTINUE 
6 OIF•BTMS 

00 4 l•ltlMAX 
Nl•IMAX-1+1 
DIF•DIF-SFDJINll 
IFIDIF12l,21,5 

21 Bl(Nll•OIF+SFOJINII 
GO TO 7 

5 BIINll•SFDJINII 
4 CONTINUE 
7 00 8 I• l, I MAX 

X< 1,1 >•BI l I l/BTMS 
IFIXll,11123,23,24 

23 Xll,ll•loOE-8 
24 X(NMAX,ll•DIIII/DSPEC 

IF(XINMAX,11125,25,8 
25 X(NMAX,ll•l.OE-8 

8 CONT I NUE 
DO 10 K•l,NFDS 
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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 



L•NFPHKI 
00 10 l•ltlMAX 

10 XIL,11•XFEDIK,IJ 
NFDSP•NFDS+l 
DO 14 K•ltNFDSP 
IFCK-1111,71,11 

71 N•l 
GO TO 13 

11 JFCX-NFOSP126,l2•12 
26 N=NFPTC K-11 
13 M•NFP Tl KI 

XSTG•M-N 
GO TO 15 

12 N•NFPTIK-ll 
M•NMAX 
XSTG,.M-N 

15 NN•N+l 
MM•M-1 
DO 14 I•l,IMAX 
DEL•CXIM,ll-XCN,111/XSTG 
DO 14 L•NNtMM . 

14 XILtil•XCL-1,ll+OEL 
00 16 N•l,NMAX 
SUM•O,O 
DO 17 I,.l,IMAX 

17 SUM•SUM+XIN,Il 
DO 16 I = 1 • I MAX 

l, 6 X I N • I l "X IN ti I I SUM 
CALL PAGE 
LL•l 
DO Bl Mii•l-,NMAX 
N•NMAX-M+l 
NS.,M-1 . 
IF ( N;.. l I 31 , 3 2, :H 

32 WRITE OUTPUTTAPE NOUT~33 
33 FORMATl34H INlTIAL COMPOSITIONS lN REB01LERI 

G.0 TO 111 
31 lFIN-NMAXll~l,i3l,12l 

131 CALL PAGE 
WR I TE OUTPUTT APE. NOUT, 1.41 

141 FdRMATt34H INITIAL COMPOSlfION IN. CONDENSER) 
GO TO 111 . 

121 WRITE OUTPUTTAPE NOUT,l!H,NS 
151 FORMATl2~H INITIAL COMPOSITION OF TRAY ,141 
111 WRITE OUTPUTTAPE NOUT•l61 
161 FORMATl23H COMPONENT LIQUID MFI 

DO 171 I=l,_IMAX . . . . .·· 
171 WRITE OUTPUlTAPE NOUT,l8l~lXNAME!ltJl.,J=l,2l.,XCNtl1 
181 FORMATtlH ~2A6,Fl0.~l . ·. 

81 CONTINUE 
RETURN 
END 

* LISTS 
~ LABEL 
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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 
0573 
0574 
0575 
0576 
0577 
0578 
0579 
0580 
0581 
0582 
0583 
0584 
0585 
0586 
0587 
0588 
0589 
0590 
0591 
0592 
0593 
0594 



CFSTVP OeSeUe TRAY BY TRAY 
SUBROUTINE FSTVPIICONI 
DIMENSION RTFX13,251,SOSRl41,PIOl121,SFOJl251, 

1 Tl200J,HLOPl2001,NSTM141,SOF141,NFPTl31,HFEOl31,NHTMl61,HHSTl6) 
2,AKl251,BKl251,CKl251,0Kl251,EKl251,FKl251,ENLOl251,ENL11251,ENL21 
3251,ENL31251,ENL41251,ENVOl251,ENVll251,ENVZl251,ENV31251,ENV41Z51 
4,EQU11251,FRACTl31,FORTl3J,XIZ00,251,F!200,251,Gl200,251,VPRRl2001 
5,EQUI11251 ,XFE0!3,251,YFED13t251,0l1251,Bil251tXXXl251,TF 
6E0131,XNAME125,21,QII1251,SSSl251,HFLQDl251,HFVPR1251,ITMSTl31,RTX 
7131,Pl15,251,TOTl1251,CFDl25J,POPl251 

COMMON NOUT,NIN,SMFO,OSPEC,DOF,IDSM,NSTMS,SOFtNFDS,lMAX,NMAX, 
lTMAX,TMlN,BETA,DELT,AL1Ml,ALIM2 ,ALlM3,ALlM4,ALIM5,ALlM6,ALIM7tALIM 
28,NHTMS,PRESS,lOHM, QREB,BTMS,SMST,lFLlP1THETA ,RTFX,PlO, 
3SDSR,SFDJ 1SSS,T1HLDP,NSTM1NFPT,FLOV,HFED,NHTM,HHST,AK,BK,CK,DKt 
4EK,FK,ENLO,ENLl1ENLZ1ENL3,ENL4,ENVO,ENVl,ENV2,ENV3,ENV4,FRACT,FDRT 
5,EQUl,X,F,G,VPRR,CONl,REFLX,Bl,01,TFED,LTEST,MTEST,NTEST,IHBALtXNA 
6ME,Qll,TSR1EOUll, XFED1YFED,HFLQO,HFVPR,lTMST,TCON,lOTPT,RTX, 
1 Pl,TOTl,CFD1POP,lVPR,lPAGE,NlSlN,XXX 

lHBAL•O 
GO T012,ll,ICON 

l VPRRINMAXJaOOF*SMFD 
GO TO 3 

2 VPRR(NMAXJaO,O 
3 MM•NMAX-1 

VPRRIMMl•REFLX*SMFO 
00 4 J•2,MM 
K•MM-J+l 
DO 5 N•l,NFDS 
IFIK-NFPTINll5t7,5 

7 VPRRIKl•VPRRIK+ll-lloO-FRACTINll*FDRTINI 
GO TO 4 

5 CONT lNUE 
6 VPRRIKl•VPRRIK+ll 
4 CONT lNUE 

DO 514 N:al,NMAX 
514 CONT lNUE 

RETURN 
END 

* LI ST8 
* LABEL 
CFRSTT O.S,Uo TRAY BY TRAY 

SUBROUTINE FRSTT 
C CALCULATION OF FIRST TEMPERATURE PROFILE 

DIMENSION RTFX13,251,SOSRl41,PID1l2J,SFOJl251, 
l Tl2001,HLOP!200J,NSTMl41 ,SOF141,NFPTl31,HFE0131,NHTMl61,HHSTl61 
2,AKl251,8Kl25J,CKl251,0Kl2SJ,EK1251,FK1251,ENLOl251tENLll2Sl,ENL21 
3251,ENL3(25J,ENL41251,ENVOl251,ENVl1151,ENV21251,ENV31251,ENV4125J 
41 EOU I l 2 5 J , FRAC T ( 3 I , FORT l 3 I , XI 2 00, 25 I , F 12 00, 2 5 I •GI 200, 25 I • VPRR 1200 I 
5,EQUill251 ,XFE013,251,YFED13,251,DI1251,Bll25J,XXXl25J,TF 
6ED131,XNAME125,21,0ll1251 ,SSSl251,HFLQDl251,HfVPR1251,ITMSTl3l•RTX 
7 I 31 , PI I 5, 25 I , TOT I I 2 5 I , CFO I 25 I , POP I 25 l 

COMMON NOUT,NIN,SMFD,DSPEC,DOF,lDSM,NSTMS,SOF,NFDS,lMAX,NMAX, 
lTMAX,TMIN,BETA,DELT,AL1Ml,ALIM2•ALIM3 ,ALIM4 ,ALIM5,ALlM6,ALIM7,ALIM 
28•NHTMS,PRESS,10HM, QREB,BTMS,SMST.IFLIP~THETA ,RTFX,PlO, 
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0595 
0~96 
0597 
0598 
0599 
0600 
0601 
0602 
0603 
0604 
0605 
0606 
0607 
0608 
0609 
0610 
0611 
0612 
0613 
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 



3SDSR,SFOJ ,SSS,T,HLDP,NSTM,NFPT,FLOV1HFE01NHTM,HHST,AK18K1CK,OK1 
4EK,FK,ENL01ENL1,ENL2,ENL3,ENL4,ENVO,ENV1,ENV2,ENV3,ENV41FRACT1FDRT 
5,EQU1,X,F,G,VPRR,CON1,REFLX,Bl,Ol,TFED,LTEST1MTEST,NTEST,IH8AL1XNA 
6ME,Qll,TSR,EOUl1, XFED,YFEO,HFLQD,HFVPR,ITMST,TCON,IOTPT,RTX, 
7 PI,TOTJ,CFD,POP,IVPR,IPAGE,NlSlN,XXX 

TfsTMIN 
INDI•O 
JK•l 
CALL uuBPTIJK,TTtlNDl,XX) 
Tlll•TT 
TREB•TT 
KJ•NMAX 
IFITCONlll,ll,12 

12 KJ•KJ-1 
TINMAXl•TCON 

11 CALL BUBPTIKJ,TT,INDl,XXI 
TTOP•TT 
XMAX•KJ-1 
DELTT•ITREB-TTOPI/XMAX 
DO 651 N•2,KJ 
XNO•N 
T(Nl•TREB-DELTT*XNO 

651 CONTINUE 
CALL PAGE 
WRITE OUTPUTTAPE NOUT,1 

1 FORMAT128H INITIAL TEMPERATURE PROFILE,/4X,21H TRAY TEMPERATUR 
lEI 

NM•NMAX-1 
DO 2 M•l,NMAX 
L"M-1 
N•NMAX-M+l 

7 WRITE OUTPUTTAPE NOUT,3,L,TINI 
3 FORMATllH ,I5,Fl4e51 
2 CONTINUE 

NN•NMAX-1 
WRITE OUTPUTTAPE NOUT,9,NN . 

9 FORMATl20H CONDENSER IS TRAY 0/17H REBOILER IS TRAY,131 
RETURN 
END 

* LI ST8 
* LABEL 
CGNRL OeSeUe TRAY BY TRAY 

SUBROUTINE GNRL 
DIMENSION RTFXl3,251,SOSRl41,Pl01121,SFOJl251, 

1 Tl2001,HL9P(2001,NSTM141,SOF141,NFPT131,HFEDl3l,NHTMl61,HHSTl61 
2,AKl251,BKl251~CK(251,DKl251,EK1251,FK1251,ENLOl251,ENL11251,ENL21 
3251,ENL31251,ENL4125l,ENV01251,ENV11251,ENV21251,ENV31251,ENV41251 
4,EQUil251,FRACTl3l,FORTl3l•Xl200,251,fl200,251,Gl200,251•VPRRl2001 
5,EQUIU25l ,XFED13,251,YFED13,251,Dll251,Bll251,XXXl251,Tf 
6EDl31,XNAME125,2),QII125l,SSSl251,HFLQOl251,HfVPRl251,lTMSTl31tRTX 
7131,Pl15,25l,TOTil251,CFDl25l,POPC251 

COMMON NOUT,NIN,SMFD,OSPEC,DOF,IOSM,NSTMS,SOF,NFOS,IMAX,NMAX, 
1TMAX,TMIN,BETA,DELT,ALIM1,ALIM2,ALIM3,ALIM4,ALIM5,ALIM6,ALIM7,ALIM 
28,NHTMS,PRESS,IDHM, QREB,BTMS,SMST,IFLIP,THETA ,RTFX,P ID , 
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0649 
0650 
0651 
0652 
0653 
0654 
0655 
0656 
06S7 
06S8 
0659 
0660 
0661 
0662 
0663 
0664 
0665 
0666 
0667 
0668 
0669 
0670 
0671 
0672 
0673 
0674 
0675 
0676 
0677 
0678 
0679 
0680 
0681 
0682 
0683 
0684 
0685 
0686 
0687 
0688 
0689 
0690 
0691 
0692 
0693 
0694 
0695 
0696 
0697 
0698 
0699 
0700 
0701 
0702 



3SDSR.sFDJ .sss.T.HLDP,NSTM,NFPT.FLOV,HFED,NHTM.HHST,AK,BK,CK,OK, 
4EK.FK.ENLO•ENLl•ENL2,ENL3.ENL4.ENVO,ENV1,ENV2,ENV3,ENV4,FRACT,FORT 
5,EOUI,X.F,G,VPRR.CONl,REFLX•Bl•Dl,TFED•LTEST•MTEST,NTEST,IHBAL,XNA 
6ME,Qil,TSR,E0Ull• XFED,YFEO.HFLQO,HFVPR,ITMST,TCON,IOTPT,RTX, 
7 PI,TOTl•CFD,POP.IVPR,IPAGE,NlSlN,XXX 

SMFD•o.o 
00 1 Js l • NF DS 
FDRT(J)aOoO 
00 1 I• 1 • I MAX 
FDRTIJl•FDRTIJ)+RTFXIJ,Il 

1 SMFO•SMFO+RTFXCJ,11 
DSPEC•SMFD*DOF 
TSR•OoO 
IFINSTMSl2•2•3 

3 00 4 Nal,NSTMS 
SDSRINl•SMFD*SOFINI 

4 TSR•TSR+SDSR(Nl 
2 BTMS•SMFD-TSR-DSPEC 

DO 6 J•l.NFDS 
6 CONTINUE 

DO 9 I• 1 , I MAX 
SFOJ(Il•OoO 
DO 9 N•l,NFDS 

9 SFDJ(ll•SFOJ(ll+RTFXIN,II 
RETURN 
END 

* LISTS 
* LABEL 
CXFEED OoSoUo TRAY BY TRAY 

SUBROUTINE XFEED 
DIMENSION RTFX(3.25>,SDSRl41,PI0(121,SFOJl25l, 

1 T(200>•HLDP(200l•NSTM(41,SOF14l•NFPT(3l,HFE0(31,NHTM(6l•HHSTl6J 
2 ,AK ( 2 5 I •BK< 25) , CK ( 25 I t DK ( 2 5 I •EK< 2 5 I • F K ( 2 5 I , ENLO I 2 5 I , ENL 1 ( 25 I t ENL 2 I 
325l,ENL3(25J,ENL4(25l,ENV0(25) ,ENV1(25l,ENV2(25l•ENV3125l,ENV4(251 
4, EOU I ( 2 5 l , FRACT ( 3) , FDRT ( 3 l ,X ( 2 00, 25 > , F ( 2 00, 25 l , G ( 200, 25 > , VPRR ( 200 I 
5,EQUl1<25l ,XFE0(3,25l,YFEDl3,25l,Dll25>,BI125l,XXXl25l,TF 
bED13l ,XNAME(25,2l•Olll25>,SSS(25>,HFLQD(25l,HFVPR(25l,ITMSTl3l,RTX 
7 ( 3 l , PI < 5, 2 5 > , TOT I I 25 l , CFO I 2 5) , POP ( 2 5 ) 

COMMON NOUT,NJN,SMFD,DSPEC,DOF,IDSM,NSTMS•SOF,NFDS,IMAX,NMAX, 
lTMAX,TMIN,BETA,DELT,ALIMl,ALIM2,ALIM3,ALIM4,ALIM5,ALlM6,AL1M7,AL1M 
28,NHTMS,PRESS,IDHM, QREB,BTMS,SMST,IFLIP,THETA ,RTFX,PID• 
3SDSR ,SFDJ ,SSS,T,HLDP,NSTM,NFPT,FLOV•HFED,NHTM•HHST,AK,BK•CK,DK• 
4EK,FK,ENLO ,ENL1,ENL2,ENL3,ENL4,ENVO,ENV1,ENV2,ENV3,ENV4,FRACT,FDRT 
5,EOUI,X,F,G.vPRR,CONl,REFLX,Bl,Dl,TFED,LTEST,MTEST,NTEST•IHBAL,XNA 
6ME,QII,T5R,E0Ull, XFED1YFED,HFLOD,HFVPR,ITMST•TCON,IOTPT,RTXt 
7 P!,TOTl,CFD,POP,IVPR,IPAGE,NlSlN,XXX 

25 FORMAT(46H MAXIMUM NUMBER OF TRIALS EXCEEDED FOR FEED- •l5,17H 
lWILL CALL EX!T> 

1001 FORMAT(47H FEED SPECIFIED OUTSIDE OF FLASH RANGE FOR FEED,131 
C ITMST=l ENTHALPY IS GIVEN CALCULATE LOF AND TFED 
C ITMST=2 TFED IS GIVEN CALCULATE LOF AND HFED 
C ITMST=3 LOF IS GIVEN CALCULATE TFED AND HFED 
C ITMST=4 FEED IS AT OR BELOW BUBBLE POINT 
C ITMST=5 FEED IS AT OR ABOVE DEW POINf 
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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 
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c IF FEED ENTHALPY IS TO BE COMPUTED FOR OPTIONS 4 OR 5 READ 0757 
c ENTHALPY AS OoO 0758 

INOI • l 0759 
00 101 N•l,NFOS 0760 
JRJ•l 0761 
IFITFEDINl 1921,920,921 0762 

920 IFIHFEDINll921,1920,921 0763 
1920 JRJ=2 0764 

921 HFLOOIN)•O•O 0765 
HFVPRINI .. OoO 0766 
BLOT 11 0.0 0767 
ALOT.,loO 0768 
JHE•ITMSTCNI 0769 
DO •101 I= 1, I MAX 0770 
XFEDlN,Il•RTFXIN,1)/FORT(Nl 0771 

401 YFEOCN,ll:aXFEDlNtll 0772 
TT"'TMIN 0773 
CALL BUBPTIN,TT,INOl,XX) 0774 
TBUB=TT 0775 
Tl•TT 0776 
CALL OEWPTIN,TTtlNOl,XXI 0777 
TDEP"Tl 0778 
T2=TT 0779 
JF0=5 0780 
JPH•2 0781 
CALL ENTHLIJFD,HVPR,JPH,TT,Nl 0782 
HVPR2=HVPR 0783 
TT•Tl 0784 
JPH=l 0785 
CALL ENTHLIJFO,HLQO,JPH,TT,Nl 0766 
HLQDl=HLQD 0787 
GO TOC402,402,402,863o663>,JHE 0788 

863 IFIJHE-5)867,601,.67 0789 
601 fRACTINl"OoO 0790 

GO TO 891 0791 
867 FRACT(N)mloO 0792 
891 GO TOl402,402,402,403,404),JHE 0793 
403 IFITFEDCN)l406,406,407 0794 
406 TFED(N):aTl 0795 
407 IFIHFEDlNll790,408,790 0796 
408 TTaoTFEDlNl 0797 

JPH=l 0798 
CALL ENTHLIJFD,HLQD,JPHoTT,Nl 0799 
HFEO IN l sHLQD 0800 

790 HFLOD IN 1 =HFED l N l 0801 
HFVPR(Nl=O•O 0802 
GO TO 412 0803 

404 IFITFED1Nll4llt410,411 0804 
410 TFEOINl=T2 0805 
411 IFIHFEO<Nll791,862,?91 0806 
862 Tf:TFEOINI 0807 

JPH=2 0006 
CALL ENTHL(JFO,HVPR,JPH,TT,Nl 0809 
HFED!Nl=HVPR 0810 
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791 ·HFVPRIN)•HFEDCN> 0811 
HFLQOINl•O•O 0812 

412 TT•TFEDCNl 08U 
CAU IWALITTl 0814 
DO 409 l•ltlMAX 0815 
JHEl•JHE-3 0816 
GO TOl760,7611,JHE1 0817 

760 YFEDCN,I>•XFEDCNell•EQUl!II 0818 
GO TO 409 0819 

761 XFEDIN,ll•YFEDIN,11/EQUJCII 0820 
409 CONTINUE 0821 

GO TO 10 0822 
402 GO TOl4U,414,4l!H ,JHE 0823 
413 !FCHLQDl-HFEDINll416,417,417 0824 
417 JHE•4 0825 

GO TO 863 0826 
416 IFIHVPR2-HFED1Nl)418,418,415 0827 
418 JHE•S 082a· 

GO TO 863 0829 
414 IFIT2-TFEDINll420,420,419 0830 
420 JHE•5 0831 

GO TO 863 0832 
419 IFITFED1Nl-tll42l,42le415 0833 
421 JHE:s4 0834 

GO TO 863 0835 
415 KONT•O 0836 
492 GO TOl422,423,4241~JHE 0837 

. 422 AVGl•<fl+T21/2o0 0838 
GO TO 425 0839 

423 AVGT•TFED<NI 0840 
425 CALL KVALIAVGT 1 .. 0841 
426 AVGa(ALOT+BLOTl/2oO 0842 

GO TO· 427 0843 
424 AVGT•CTl+T2l/2oO 0844 

CALL KVALIAVGT I 0845 
AVG=FRACTIN.1 0846 

427 KONT=KONT+l 0847 
IFIKONT-501430~430,431 0~48 

431 WRITE OUTPUTTAPE NQUT,25,N 0849 
CALL EXIT 0850 

430 .CALL FLASHIN,AVG,SUMI 0851 
IFIABSFISUMI-ALIM71432,432,433 0852 

433 GO TOl434t434t43511JHE 0853 
435 IFJSUM1437,436,~36 0854 
436 Tl"'AVGT 0855 

GO TO 424 0856 
437 T2=AVGT 0857 

GO TO 424 0858 
434 1FISUMl44le441,440 0859 
440 SLOT,.AVG 0860 

GO TO 492 0861 
441 ALOT,.AVG 0862 

GO TO 492 0863 
432 SUML•FDRT<Nl*AVG 0864 



SUMV•FDRTIN)-SUML 
TOTX•.o.o 
rorv-o.o 
BVG•AVG/11•0-AVG) 
DO 11 I .. i, I MAX 
V•RTFXIN,It/lleO+BVGJEQUlll)) 
YFEDIN~ll•V/SUMV 
XFEDIN,Il•IV*BVG/EQUIIIII/SU~L 
TOTX .. TOTX+XFEDIN,ll 

11 TOTY=TOTY+YFED<N,11 
DO 18 I=l,IMAX 
XFEDIN,Il•XFEDINtll/TOTX 

18 YFEDIN,I>•YFED<N,II/TOTY 
CALL ENTHLl5,HLQD,l~AVGT,Nl 
CALL ENTHL(S,HVPR,2,AVGT,NI 
HFLQDIN)=HLQD 
HFVPRIN)=HVPR· 
HLQD=HLQD*AVG 
HVPR•HVPR*ll,0-AVGI 
GO TOl64,65,65),JHE 

65 HFED!Nl•HLQD+HVPR 
64 H•HFED<N>-(HVPR+HLQOI 

GO TOl63,13,13),JHE 
63 1FlALIM8-ABSFIH)ll2,l2tl3 
12 IFll-!114,14,15 
14 T2=AVGT 

IFLG=IFLG+l 
.· GO TO. 110 

15 Tl"AVGT 
IFLG.;IF~G+l 

110 BLOT=O,O. 
ALOT=~.O ... :.' . 
l F ( 30.:._I FLG I 40 ,40., 415' 

13 GO T0!501~502,5011,JHE. 
501 TFEOINf=AVGT . 

soi :~A~~:=~!1!~2~101,JH~ 
10 CONTINUE 

DTL=(TMAX-TMIN)/7500 
GO T0(92~1lOl),JRj 

922 _GO TO( l0l,101,l0~,901,9Q211JHE 
901 T2"'T8lJB+DTl. 

Tl=TMIN 
.JPH"l .. 

. "GO TO 903 
902 Tl=TOEP-DTl. 

T2,.TMAX 
JPH"2 

903 DO 906 JB=l~25 
ABVG=<Tl+T2l/2,0 
CALL ENTHLIJFD,H,JPH,AB\IG,NI 
IFIABSFIH-HFEDCNl.l~ALIM81904,904,905 

905 IF!H-HFED!Nl1908,904,909 
908 Tl'"ABVG 
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0865 
0866 
0867 
0868 
0869 
0870 
0871 
0872 
0873 
OB74 
0875 
0876 
0877 
0878 
0879 
0880 
0881 
0862. 
0863 
0884 
0885 
0886 
0887 
0888 
0889 
0690 
0891 
0892 
0893 
0894 
0895 
0896 
0897 
0898 
0899 
0900 
0901 
0902 
0903 
0904 
0905 
0906 
0907 
0908 . 
0909 
0910 
0911 
0912 
0913 
0914 
0915 
0916 
0917 
0918 



GO TO 906 
909 T2•ABVG 
906 CONTINUE 
904 TFEDINl•ABVG 
101 CONTINUE 

GO TO 26 
40 WRITE OUTPUTTAPE NOUT,25,N 

CALL EXIT 
26 CONTINUE 

DO 620 Nl•l,NFDS 
N•NFDS-Nl+l 
LN•NMAX-NFPTINI 
CALL PAGE 
WRITE OUTPUTTAPE NOUT,621,~+tHFEDINl,FRACTCNloTFEDl~l•LN 

621 FORMATtl9H CONDITIONS OF FEED,13/3X,10H ENTHALPY•,El6e8/3X,5H LOF• 
1Fl0o8/3X,13H TEMPERATURE•,F+4 o5/2JH FEED PLATE LOCATION•l4l 

WRITE OUTPUTTAPE NOUT,622 
622 FORMATl17H FEED COMPOSITION/28X,1H LJQUID,38X,6H VAPOR/lOH COMPONE 

lNT,llX,5HMOLES,22X,2HMF,l8X,5HMOLES,2QX.2HMFl 
Yl•FRACTINI 
Y2•1leO-FRACTINll 
DO 630 l•ltlMAX 
YY•XFEDIN,1 l*FDRTINl*Yl 
YV•YFEDIN,1 l*FDRTINl*Y2 

636. WRITE OUTPUTTAPE NOUT,631,IXNAMEll,Jl,J•l,21,YY,XFEDINtlltYV,YfEDI 
lN ,t I l 

631 FORMATClH 2A6,Fl6,8,11XtFl0.8,13X,Fl6,8,llX,Fl0•8l 
Y22•Y2*FDRT(Nl 
Yll•Yl*FDRT IN l 

620 WRITE OUTPUTTAP~ NOUT,63,6,Yll,Y22 
636 fORMATl13X,fl6J8tlOX18H l•00000,16X,Fl6e8tlOX,8H leOOOOOl 

RETURN 
END 

* LlST8 
* LABEL 
CFLASH OoSeUo TRAY BY TRAY 

SUBROUTINE FLASHIN,AVG,SUMI 
DIMENSION RTFX13,25l,SDSRl4l,PID1121,SFDJt25l, 

l Tl200l,HLDPl200l,NSTMl4l,SOFl4ltNFPT131,HFEDl3l,NHTM16l,HHSTl6l 
2~AKl251,BK125l,CKl25),DKl251,EK125ltFK1251,ENLOl25l,ENL1125l,ENL21 
3251 , ENL3125l,ENL41251,£NV01251,ENV1125l,ENV21251,ENV3125l,ENV4125l 
4,EQUll251,FRACTl3l,FDRTl3ltXl200,251,Fl200,25l,Gl200,25l,VPRRl2001 

· 5, EQU I l( 25 l , XF ED I 3, 25 I , YFED I 3, 25 l, DI I 25 I , BI ( 251 ,XXX I 25 l , T F 
6ED I 3 I ,XNAME 12 5 t 2 1 , Qi I I 25 I , SSS I 25 I , HF LODI 251 ,HF VPR I 25 I , I TMS TI 31 ,RT X 
71 3 1,Pi 15 ,2 5 1, TOTI 1251,CFDC 251,POPl25l 

COMMON NOUT,NIN, SMFD,DSPEC,DOF,IDSM,NSTMS,SOF,NFDS,lMAX,NMAX, 
1TMAX,TMIN,8ETA,DELT,AL1Ml,ALIM 2 ,ALIM3,ALIM4,ALIM5,ALIM6,ALIM7,ALIH 
28,NHTMS,PRESS,IDHM, , QR EB,BTMS,SMST,IFLIP,THETA ,RTFX,PID, 
3SDSR,SFOJ ,SSS,T,HLDP,NSTM,NFPT,FLOV,HFED,NHTM,HHST,AK,BK,CK,DK, 
4EK1FK,ENLO,ENL1,ENL2,ENL3,ENL4,ENVO,ENV1,ENV2,ENV3,ENV4,FRACT,FDRT 
5,EQUltX,F,G,VPRR,CONl,REFLX,81,DI,TFED,LTEST,MTEST,NTEST,IHBAL,XNA 
6ME,Qll,TSR,EOUl1, XFED•YFED,HFLQQ,HFVPR,ITMST, TCON,IOTPT,RTX, 
7 PltTOTl;CFD•POP,IVPR,IPAGE,NlSlN,XXX 

SUM•O,O 

109 

09U 
o9aQ 
092l 
Q912 
Q923 
1)924 
Q9iS. 
09~~ 
092l 
Q928 
P929 
0930 
093' 
Q9~2 
~~H q~u 
Q9U 
f9l~ 
11 9~1 
1)93J 
R9n 
0 9't0 
0941 
0942 
0943 
0944 
09't5 
0946 
0947 
09't8 
0949 
0950 
095 1 
0952 
0953 
0954 
0955 
0956 
0957 
0958 
0959 
0960 
0961 
0962 
0963 
0964 
0965 
0966 
0967 
0968 
0969 
0970 
09 71 
09 72 



110 

DO l l•l, IMAX 0973 
XF•RTFXCN,1)/FDRTCNI 0974 
SUM•SUM+CXF*CleO-EQUlll)))/CAVGec1eO-EQUlCI>>+EQUlCl>I 0975 

1 CONTINUE 0976 
RETURN 0977 
ENO 0978 

e LlST8 0979 
* LABEL 0980 
CCNVRG OeSeUe TRAY BY TRAY 0981 

SUBROUTINE CNVRGCICONI 0982 
DIMENSION RTFXl3t251tSOSRl4l,PJOC121,SFOJC25l, 0983 

l TC2001,HLOPC200),NSTMC41,SOFC4l,NFPTC3),HFEOC3),NHTMC61,HHSTC61 0984 
2,AKl251tBKl251tCKC251,0KC25l,EKC251,F.KC251,ENLOl251tENL1125ltENL21 0985 
3251,ENL31251,ENL4C25l,ENVOl251,ENV11251,ENV2125l,ENV3125),ENV41251 0986 
4,EQUIC25l,FRACTC3l,FORTC31tXC200t25l,Fl200,251,GC200t25),VPRRl2001 0987 
5tEOUll1251 tXFE013,251tYFE013t251,0IC251,Bll251tXXXl251,TF 0988 
6EOC31tXNAME125t21,QIIC251,SSSC251,HFLQDl251,HFVPR1251tlTMSTl3leRTX 0989 
7131,Pl15,251,TOTIC25l,CFDl251,POPl251 0990 

COMMON NOUT,NIN,SMFD,DSPEC,DOF,IDSMtNSTMS,SOF,NFOS,IMAX,NMAX, 0991 
lTMAX,TMIN,BETA,DELT,ALIMl,ALIM2tALIM3,ALIM4,ALIM5,ALIM6,ALIM7,ALIM 0992 
28tNHTMS,PRESS,IOHM, QREB,BTMS,SMST,IFLIP,THETA tRTFX,PIOt 0993 
3SDSR,SFDJ ,sss,T,HLDP,NSTMtNFPT,FLOV,HFEO,NHTM,HHST,AK,BK,CK,DK, 0994 
4EK,FK,ENLO,ENLl,ENL2,ENL3tENL4,ENVO,ENVl,ENV2,ENV3,ENV4,FRACT,FORT 0995 
5,EOuI,x,F,G,VPRRtCONl,REFLX,Bl,01,TFEDtLTEST,MTEST,NTEST,IHBAL,XNA 0996 
6MEt011tTSRtEOUI1, XFEDtVfED,HFLQD,HFVPR,ITMST,TCON,IOTPT,RTX, 0997 
7 PI,TOTl,CFD,POP,IyPR,IPAGEtNlSlN,XXX 0998 

LKBzNSTMS+l 0999 
NPDS•NSTMS+2 1000 
NTIME•O 1001 
DO 2 l•ltIMAX 1002 
Plll,Il•XCNMAX,ll*DSPEC 1003 
GO T013,701,ICON 1004 

70 TT=TINMAXI 1005 
CALL KVALCTTI 1006 
PI<l,Il•Plll,ll*EQUilll 1007 

3 PIINPDS,Jl•X<l,ll*BTMS 1008 
IFCNSTMS12,2,71 1009 

71 DO 131 J•2tLKB 1010 
K=NPDS-J 1011 
L"'NSTMI K·I 1012 

131 PIIJ,Il•XCL,ll*SDSRIKI 1013 
2 CONTINUE 1014 

SUFD•o.o 1015 
DO 6 I•l,IMAX 1016 
CFO( I l•SFOJI I I 1017 

6 SUFD•SUFO+CFDCI) 1018 
9 DO 4 K•l,LKB 1019 

KXXX•K 1020 
KHB•K+l 1021 
DO 5 l•l,IMAX 1022 
TOTICll•O.O 1023 
DO 5 KJ•KHB,NPDS 1024 

5 TOTllll•TOTltll+PIIKJ,11 1025 
DO 7 I•l,IMAX 1026 



101 POPI .1 l•TOTl i I ilPI fK•II 
IF ACCUMULATOR OVERFLOW a.,.7 

8 POPCll•l•OE+35 
17 CONTINUE 

~o To110.11,11~11,ii~i11,~xxx 
1liO ,RROD•DSPEC 

GO TO 14. 
11 M5•NPDS-K 

PROO•SDSRIM5t 
14 THETA•leO 

SMl•O•O 
DO 15 M•l,50. 
SMIX•SMI 
SMl•OeO· 
SMIZ•O.O 
DO 16 l•l,IMAX 
IFCPOPlll-le0E+35172tl7•72 

72 Q•THETA*POPIII 
IF ACCUMULATOR OVERFLOW 17t60 

60 Q=leO+Q 
IF ACCUMULATOR OVERFLOW 17,61 

61 Ollll•CFOCl)/Q 
Q•Dlll)*POPCl)/Q 
IF ACCUMULATOR OVERFLOW 40,62 

62 SMIZ•SMJZ+Q 
IF ACCUMULATOR OVERFLOW 40,63 

6 3 SM I "SM I +O 111 ) 
· GO TO 16 

17 01(11•0.0· 
16 Bllll•CFDll>-DIII) 

IF C SMIZ 122, 74 ,22··· 
74 SMJZal•O . 

·22 JFCABSFISMI-PROOI-ALIM2)24t24,23 
23 IFCSMJX-SMI 175,67,75. . 
75 THET •THETA,t,CSMI-PRODI/SMJZ 

IF ACCUMULATOR OVERFLOW 43,76 
76 IFITHETi77~78,78 
11 THET•THETA/3•0 
78 tHETA•THEJ .. . 

JFITHETA~l·OE-15140,79,79 · 
19 IFCTHETA-l.OE+35115,15t43 
15 CONTINUE 
67 lfC.PROO-SMI 143140,40 
24 GO T0~96,93i,ICON 
93 Tl"' Tl NMAX I . 

CALL l<VALC TH 
96 DO 30 .J=l,IMAX 

PICl(,ll•DHI). 
IFCK-118lt8lt3l. 

81 XI NMAX, 11 irp IO~, U I Still 
GO TOl.3lo92t,J·CON.· 

92 XCNMAX,ll•XCNMAX,ittEQUllll 
31 IFIK-tK-132,82,82. 
82 PllNPDS,11=81111 

111 

1027 
1028 
1029 
1030 
1031 
1032 
1033 
i034 
i.035 
JJ.1036 
1037 
1038 
1039 
1040 
1041 
1042 
1043 
1044 
10lt5 
1046 
lOlt 7 
l01t8 
1049 
1050 
1051 
1052 
1053 
1054 
1055 
1056 
1057 
1058 
1059 
1060 
1061 
1062 
1063 
1064 
1065 
1066 
1067 
1068 
1069 
1070 
1071 
1072 
1073 
1074 
1075 
1076 
1077 
1078 
1079 
1080 



X41,ll•BICII/CSUFO-SMI> 
32 IFINSTMSl30,30,83 
83 MM•NSTMS-K+2 

MMl•NSTMIMMI 
XIMMl,ll•PICK,11/SMI 

30 CONTINUE 
DO 35 I• l I I MAX 

35 CFDIJl•BICII 
SUFO•SUFO-SMI 

4 CONTINUE 
GO TO 65 

40 K•KXXX 
45 Q•l•OE35 

WRITE OUTPUTTAPE NOUT,200,THETA 
NTIME=NTIME+l 
lFINTIME-10)84,84,44 

84 DO 41 l•l,IMAX 
IFIPIIK,11185,41,85 

85 IFIPIIK,Il-Ql86,41,41 
86 Q=P I I K • U 
41 CONTINUE 

SMI•Q 
ABCa10.0*Q . 
DO 42 l•l,lMAX 
IFIPIIK,II-ABCl87,42,42 

87 PIIK,Il•IPIIK,ll+SMII 
42 CONTINUE 

GO TO 9 
43 K•KXXX+l 

GO TO 45 
44 CALL PAGE 

KBa .. 10 
NCVG=l 
WRITE OUTPUTTAPE NOUJ,57 

57 FORMATl58H PROBLEM .CANNOT CONVERGE WILL PRINT RESULTS THEN CALL EX 
l IT l 

CALL OTPHNCVG;KB,ICONI 
CALL EXIT 

65 CONTINUE 
.WRITE OUTPUTTAPE NOUT,200wTHETA 

200 FORMAT(7H THETA=El6.8l 
1007 FORMATl33H CORRECTED DISTILLATE: COMPOSITION! 
1009 FORMATl30H CORRECTED BOTTOMS COMPOSITION I 
1008 FORMAT,1H 7El6•8l 

GO T01100l,100l•l002l,IOTPT 
1002 WRITE OUTPUTTAPE NOUT~l007 

WRITE OUTPUTTAPE NOUT,1008,IXINMAX,I!,I~l,IMAXl 
WRITE OUTPUTTAPE NOUT~l009 
WRITE OUTPUTTAPE NOUT,l008,lX11,Il1Ial,l~AXJ 

1001. RETURN 
END. 

* usra 
* LABEL 
CXVAL o~s.u. TRAY BY TRAY 

112 

1081 
1082 
1083 
1084 
lOU 
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 



113 

SUBROUTINE XVALIICONI 1135 
DIMENSION RTFX I 3,251 ,SDSRl4 I ,P 10 '121 tSFOJ I 251, l.136 

l Tl 200».HLDP'2001,NSTM141 tSOF 141 ,NFPTI 31 ,HFEDI 31,NHTM'6) tHHSTl61 1137 
2tAKl251tBKl251tCKC251tDKl251tEKl251,FKl251,ENLOl251tENL11251,ENL21 1138 
3251 tENL3 C 251,ENL4125 hENVO 1251 ,ENVlC 25 hENV21251 t ENV3' 251 ,ENV4125 I 1139 
4 ,EQUJ C 251 ,FRACTC3 I ,FOR TC 31 iX I 200 t25 I tF 1200 ,251 tGC200,25 I ,VPRRUOO t 1140 
s~EQUllC251 ,XFE013e251,YFEDt3,251tDl1251tBll2SltXXXl2Sl,TF 1141 
6ED131,XNAMEC25,21,QJIC251,SSSC251,HFLQDl251,HFVPRC251,ITMSTl31tRTX 1142 
7131,Pl15,2Sl~TOTl12SltCFDl251,POPC25l 1143 

COMMON NOUT ,NIN tSMFD ,OSPEC ,DOF t lDSM ,NSTMS, SOF ,NFDS, IMAX,NMAX, 1144 
1TMAX,TMIN,BETA,DELT,ALIM1,ALIMZ,ALIM3,ALIM4,ALIM5,ALIM6eALIM7,ALIM 1145 
28,NHTMS,PRESS,IDHM, QREB,BTMS,SMST,JFLIP,THETA ,RTFX,PID, 1146 
3SDSR,SFDJ ,sss,T,HLOP,NSTM,NFPT,FLOV,HFED,NHTM,HHSTtAK~BK,CK•DK, 1147 
4EK,FK,ENLO,ENLltENLZtENL3,ENL4eENVO,ENVl,ENV2,ENV3,ENV4,FRACTtfDRT 1148 
5,EQUl,X,F,G,VPRR,CONl,REFLX,Bl,Dl,TFED,LTEST,MTEST,NTESTtlHBAL,XNA 1149 
6ME,Qll,TSR,EQUll1 XFED,YFED,HFLQD,HFVPR,ITMST,TCON,IOTPT,RTXt 1150 
7 Pl,TOTJ,CFD,POP,IVPR,IPA~E,NlSlNtXXX 1151 

CXXC•BXXB 1152 
exxa~o.o 1153 
DO 20 N•l,NMAX 1154 
CALL FLDRTCN,FLOR1,FLDR21 1155 
IFCN-lllOO,lOOtlOl 1156 

101 DO 856 l•l,iMAX 1157 
856 EQUIHll•EQUI <II 1158 
100 TT•TINI 1159 

CALL KVALtTTJ 1160 
DO 20 l•l~IMAX 1161 
DELD•OeO 1162 
DELB•O.O 1163 

7~ lFCN-llltl,2 1164 
1 A•OoO 1165 

GO TO 31 1166 
2 A•-BETA*DELT/HLDPCNl*tEQU!illl*VPRR(N~lll 1167 

31 B•BETA*DELT/HLD~IN1*1EQUI lll*VPRRINl+FLDRll+leO 1168 
IFCNSTMSl30i,30lt302. 1169 

302 DO 303 Nl•l,NSTMS. 1170 
IFIN-NSTMINJ)l303,304•30~ 1171 

304 B=B+BETA*DELT /HLDPCNl*SOSRINI I 1172 
GO TO 301 1173 

303 CONTINUE. 1174 
301 IFCNMAX-Nl.3,3,4 1175 

3 c .. o.o 1176 
GO TO 33 1177 

4 C•-BETA*DELT/HLDPINl*FLDRZ 1178 
33 CONTINUE 1179 

tFINM~~-NIS,St6 1180 
5 DO=XI N, 1 I+ I leQ-BETA I *DEL T/HLDP IN I* C VPRR C N-11 *EQUI l( 11 *XI N-1 t I 1-VPR 1181 

lRCNl*EQUI C ll*XCN-.1)-FLDRl*XIN,t II 1182 
GO TOISl,171,lCON 1183 

51 DELB=BETA*DELT/HLDPINl*OSPEC 1184 
DELD=lloO-BETAl*DELT/HLDPINl*DSPEC*X«N,11 1185 
DD=DD+DELD 1186 
GO TO 17 1187 

6 CONTINUE 1188 



114 

JFCN-117,7,808 1189 
7 DD•X(N,Jl+ll•0-8ETAl*OELT/HLDPCNl*IFLDR2*XIN+lell-VPRRINl*EQUI Cl) 1190 

l*XIN,11-FLDRl*XIN,llJ 1191 
GO TO 17 1192 

808 1FCNSTMSl8t8t809 1193 
809 DO 16 L•l,NSTMS 1194 

lFIN•NSTMCLll16tl4el6 1195 
14 DD•XCN,(J+ll·-BETAl*DELT/HLDPCNl*CVPRRCN-ll*EQUlltll*XCN-lell+FLDR 1196 

12*XCN+l,11-VPRRCNl•EQU1 Cll*XINell-lFLDRl+SDSRCLll*XCN,111 1197 
GO TO 17 1198 

16 CONTINUE 1199 
8 D•XIN,ll+lleO-BETAl*DELT/HLDPCNl*CVPRRCN-ll*EQUllCll*XCN-lell+FLDR 1200 

12*X C N+l, 11-VPRR IN I •EQU I I l l *X C N, I I-FLOR 1 *X C N t 1 I I 1201 
OB•O.O 1202 
DA•O.O 1203 

152 DO 13 K•leNFDS 1204 
IFCN-NFPTCKlll5tl0,15 1205 

10 DA•DELT/HLDPINl*IFDRTIKl*XFEDIK,ll*FRACTCKll 1206 
15 IFCN-l-NFPTIKlll3tl2•13 1207 
12 DB•DELTIHLOPCNl*IFORTtK>*YFEDCK,ll*lloO-FRACTCK!ll 1208 
13 CONTINUE 1209 
34 DD=D+DA+DB 1210 
17 CONTINUE 1211 

B=B+OELB 1212 
C MATRIX SOLUTION AND CALCULATION OF XIN~ll 1213 

IFIN-1118,18,19 1214 
l~ FCN,ll=CIB 1215 

GIN,Il•DD/B 1216 
GO TO 20 1217 

19 FIH•ll=C/tB-A•FIN-1.11 I 1218 
GIN,ll•CDD•A*~IN-1,Ill/(S-A*FIN-1,111 1219 

20 CONTINUE 1220 
DO 32 Nl•ltNMAX 1221 
N=NMAX-Nl+l 1222 
DO 801 lml,IMAX 1223 

80.1 XXXCil=X(N,l) 1224 
SUMX=OoO 1225 
DO 2a 1•1,IMAX 1226 
I~INMAX-N12l,21,22 1227 

21 XIN,I!cGIN,IJ · 1228 
GO TO. 23 1229 

22 XtN,ll=Gl~,11-F(N,li*XIN+l,Il 1230 
23 IFIXIN,11124,24,27 1231 
24 XINtll•OeO 1232 
2 7 SUMX=SUMX+XJN •I) 1233 
28 CONTINUE 1234 

DO 29 l=l.IMAX 1235 
29 XINtll"'XINtll/SUMX 1236 

DO 999 1•1,IMAX. 1237 
AXXA•ABSF(XXXlll•XIN,1}1 1238 
IFIAXXA-BXXBla2,82~83 1239 

83 BXXB=AXXA 1240 
NVX=I 1241 
NYZ=N 1242 



82 IFlABSFCXXXCll•XlN,111-ALIM31999,960,960 
960 LTEST•l 
999 CONTINUE 

32 CONTINUE 
NlSlN•NlSlN+l 
IFlNlSlN-61615,493,493 

493 AXXA•ABSFIBXXB-CXXCJ/CXXC 
IFCAXXA-0.00011614,614,615 

614 LTEST"O 
WRITE OUTPUTTAPE NOUT,616 

616 FORMATl73H MAXIMUM CHANGE IN COMPOSITION ERROR FROM PASS TO PASS I 
15 NOT SIGNIFICANT/SOH WlLL SET COMPOSITION TEST AS CONVERGED AND R 
2ETURNI 

615 WRITE OUTPUTTAPE NOUT,86,BXXB,NYX,NYZ 
86 FORMATl27H MAXIMUM COMPOSITION ERROR=El6o8,lOH COMPONENT,15,SH TRA 

lY 15> 
GO TOl1001,1001,l002l,IOTPT 

1002 CALL PAGE 
WRITE OUTPUTTAPE NOUT,1007 
WRITE OUTPUTTAPE NOUT,1008,IXINMAX,11,l=l,IMAXI 
WRITE OUTPUTTAPE NOUT,1009 
WRITE OUTPUTTAPE ~OUT,1008tfXll,ll,l=ltlMAXI 

1007 FORMAT(35H UNCORRECTED DISTILLATE COMPOSITION) 
·1009 FORMATl32H UNCORRECTRD BOTTOMS COMPOSITION) 
1008 FORMATClH 7El6o81 
1001 RETURN 

END 
* LIS TB 
* LABEL 
CVPRRT OoSoUo TRAY BV TRAY 

SUBROUTINE VPRRTl1CONI 
DIMENSION RTFXC3,25l,SDSRC41,PID112l,SFDJC251, 

1 T(200l ,HLDPC20.0l ,NSTMl41,SOF14l ,NFPTC31 ,HFE0«31 ,NHTM161,HHSTl6l 
2 t AK 125 I ,BK C 25 I ,CK I 25 I , DK 125 I ,EK C 251 ,FK I 2 51 , ENLO 12 51 , ENLl I 251 ,ENL2 I 
325l,ENLSl251,ENL4C251,ENVOl251,ENVlC251,ENV2C~5),ENV31251,ENV41251 
4,EOUil251,FRACTt31,FORTC31,XC200,251,FC200,2~1,GC200t251tVPRRl200> 
5,EOUll1251 ,XFED13,251,YFED13t25ltDIC251,BI1251,XXXli5l,TF 
6ED131,XNAME125,21,0II1251,SSSl251,HFLQDl251,HFVPR1251•!TMST(31•RTX 
7131,PIC5,25)tT0Tl!251,CFD1251,POP!251 

COMMON NOUT,N IN, SMFD ,DSPEC ,DOF, I DSM ,NSTMS • SOF ,NFDS, IMAX ,NMAX, 
1 TMAX, TM IN ,BET A ,DEL T ,AL I Ml ,AL IM2 t AL I M3 ,AL IM4 ,ALIM5 ,AL!M6 ,ALI M7 ,ALIM 
28,NHTMS,PRESS,IDHM, QREB,BTMS,SMST,lFLIP,THfTA ,RTFX,PID, 
3SOSR,SFDJ ,SSS,T,HLDP,NSTM,NFPT,FLOV,HFED,NHTM,HHSTtAK,BK,CK,DK, 
4EK,FK,ENLO,ENLl,ENL2,ENL3,ENL4,ENVO,ENVl,ENV2,ENV3,ENV4,FRACTtFDRT 
5,EQUl,X,F,G,VPRR,CONl,REFLX,Bl,DI,TFED,LTEST,MTEST,NTEST,IHBAL,XNA 
6ME,OII,TSR,EQU1l, XFEDtYFED,HFLQD,HFVPR,ITMST,TCON,IOTPT,RTX, 
7 PI,TOTI,CFD,POP,IVPR,IPAGE,NlSlN,XXX 

C IF ICON=l,TOTAL CONDENSER 
C lF ICON=2,PARTIAL CONOfNSER 
C FOR INTERCOOLERS 
C HEAT REMOVER JS l+l 
C HEAT ADDED IS l~l 

cxxc=o.o 
VPRRINMAX-ll=REFLX•SMFO 
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1243 
1244 
1245 
1246 
1247 
1248 
1249 
1250 
1251 
1252 
1253 
1254 
1255 
1256 
1257 
1258 
1259 
1260 
1261 
1262 
1263 
1264 
1265 
1266 
1267 
1268 
1269 
1270 
1271 
1272 
1213 
1274 
1275 
1276 
1277 
1278 
1279 
1280 
1281 · 
1282 
1283 
1284 
1265 
1286 
1267 
1268 
1269 
1290 
1291 
1292 
1293 
1294 
1295 
1296 



IFLX•2 
DO 22 J•lt2 
IC.•NMAX-J+l 

22 CALL TDFLD(K,FLOR1,FLDR2•1FLX,XFLXI 
TT•TI NMAxt . 
IFDC•l 
GO TOl1t21,1coN 

1 INC•l 
VPRRINMAXl•O.O 
TDP2•TINMAXI 
CALL ENTHLIIFDC,HVAL,INC,TTtNMAXt 
GO TO 3 

2 INC•2 
VPRRCNMAXl•DSPEC 
TDP2•T(NMAXI 
CALL ENTHLIJFDC,HVALtlNC,TT,NMAXl 

3 HDIST=HVAL*DSPEC 
JNC•l 
TT=TDP2 
Jl2=NMAX-l 
CALL ENTHLIIFOC,HVAL,lNC,TTtNMAXI 
HRFX"'HVAL*IVPRRINMAX-11-DSPECI 
TT=TI Jl21 . 
INC=2 
CALL ENTHLIIFOC,HVA(,INC,TT,Jl21 
HVl=HVAL*VPRRIJ121 
QCONO=HVl-HDJST-HRFX 
HFLX•QCOND+HDIST 
DO 4 J=3,NMAX 

. K=NMAX...;J,t,l 
BXXB•VPRRIKI 
CALL TOFLDIK,FLDRl,FLOR2,lFLX•XFLXI 
Kl,.K+l 
TT•TI Kl I 
JNC=l 
CALL ENTHLIJFDCtHLQD,INCeTT,Kll 
IFINSTMSl5,5,71 

71 00 6 M=l,NSTMS 
L=NSTMIMI 
KlaK+l 
IF I Ki-LI 6 • 7 2 t 6 

72 INC=l 
TT=TI LI 
CALL ENTHLIIFDC,HVAL~INC~TT,L) 
QSTM=HVAL*SOSRIMI 
HFLX=HFLX+QSTM 
GO TO 8 

6 CONTINUE 
5 DO 7 Ml=l,NFDS 
· M=NFOS-Ml+l 

L=NFPTIMl-l 
Ll=L+l 
IF I K-Ll 120 t 73, 2.0 

73 HFLX=HFLX-(1.0-FRACTIMl l*HFVPRIMl*FDRTIMI 
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1297 
1298 
1299 
1300 
1301 
1302 
1303 
1304 
1305 
1306 
1307 
1308 
1309 
1310 
1311 
1312 
1313 
1314 
1315 
1316 
1317 
1318 
1319 
1320 
1321 
1322 
1323 
1324 
1325 
1326 
1327 
1328 
1329 
1330 
1331 
1332 
1333 
1334 
1335 
1336 
1337 
1338 
1339 
1340 
1341 
1342 
1343 
1344 
1345 
1346 
1347 
1348 
1349 
1350 



20 IFIK-Ll7t74t7 
74 HFLX•HFLX-FRACTtMl•FDRTIMl•HFLQDIMI 

7 CONTINUE 
8 IFINHTMSl10,10t75 

75 DO 11 KC•ltNHTMS 
KO•NHTMS-KC+l 
L•NHTMCKDl-1 
IFIK-Llllt77tll 

77 HFLX•HFLX+HHSTIKDI 
11 CONTINUE 
10 VAPsVPRRIKI 

Tl•TIKI 
T2•Tl*Tl 
T3•Tl*T2 
Tlt•Tl*T3 
T7•TI NMAX l 
SMHl•O.O 
SMH2•0e0 

2003 
2002 

2005 
2004 

4001 
3001 
4002 
3002 

2007 

2010 
2011 

2001 

GO ro,2002,20031,ICON 
CALL KVALI T7 l 
DO 2001 IX•ltlMAX 
SMXl•XINMAX,IXt•DSPEC 
GO T012004t20051tlCON 
SMXl•SMXl*EOUIIIXI 
DO 3002 J3X•l,NFDS 
J4X•NFDS-J3X+l 
J5X•NFPT(J4XI +l 
IFIJ5X-l-Kl3001,400l,4001 
SMXl•SMXl-YFEDJJ4X,IXl*lle0-FRACTIJ4Xll*FDRTIJ4XI 

IFIJ5X-2-Kl3002t4U02t4002 
SMXlsSMXl-XFEDIJ4XtlXl*FRACTIJ4Xl*FDRTIJ4XI 
CONTINUE . 
Hll•ENVO(lXl+ENVll.JXl*Tl+ENV211Xl*T2+ENV311Xl*T3+ENV411Xl*T4 
IFINSTMS>2011•2011,2007 
DO 2010 JXzl,NSTMS . 
KX•NSTMS-JX+l 
LX•NSTMIKXl -1 
lFILX-K 12011,2010,2010 
SMXl•SMXl+XILX,IXl*SDSRIKXI 
SMHl•Hll*SMXl+SMHl 
N2X"'K+l 
SMH2•SMH2+XIN2XtlXl*Hll 
VPRRIKl,..XFLX+IHFLX-SMH11/ISMH2-HLQOI 
1FIVPRRIKJ18l,8lt82 

81 VPRRIKl"l•O 
82 IFIVPPRIKI-XFLX183,83,40 
83 VPRRIKl•XFLX+leO 
40 AXXAsABSFIBXXB-VPRRIKll 

IFIAXXA-CXXC14,4,41 
41 CXXC•AXXA 

N879•K 
4 CONTINUE 

IFICXXC-ALIM51100,l00,101 
NTEST•l 101 
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1351 
1352 
1353 
1354 
1355 
1356 
1357 
1358 
1359 
1360 
1361 
1362 
1363 
1364 . 
1365 
1366 
1367 
1368 
1369 
1370 
1371 
1372 
1373 
1374 
1375 
1376 
1377 
1378 
1379 
1380 
1381 
1382 
1383 
1384 
1385 
1386 
1387 
1388 
1389 
1390 
1391 
1392 
1393 
1394 
1395 
1396 
1397 
1398 
1399 
1400 
1401 
1402 
1403 
1404 



100 WRITE OUTPUUAPE. MOUT • 44 tCXXC, N8.79 
· 44 FORMA.Tl27H '4AXIMUM VAPOR RATE CHANGE,,.El4e8t8H AT TRAY141 

RETURN 
END 

* LlST8. 
* LABEL 
CBUBPT OeSeUe TRAY SY T~AY 

SUBROUTINE BUBPTlN,TTtlNOltXXI 
DIMENSION RTFX13,251~SDSRl41,PIOl121,SFDJl251t 

1 Tl 2001 ,HLDP ( 2001 tNS TM( 4 I tSOF < 4 I ,NFPTl3 I ,HFEDl3 l ,NHTMl61 tHHSTl 6 I 
2,AK.1251 tBli:..1251 ,CKl251 ,DKl251 tEK(251 ,FKl251,ENLOl251 •ENLH25hENL2( 
325.1 ,ENL3( 251tENL4125 I ,ENVOI 25I,ENV1'251•ENV21251,EN.V31251,ENV4125 I 
41EQUI1251,FRAC1131,FDRTl31,Xl200,25j.,F(200t251,Gl200,251tVP~R(2no1 
5 ,EQU 1.1125 I . . t XFEDI 3, 25 I , YFED I 3 • 251 ~DI i 251 , BI I 251 ,xX:x t 25 j • TF 
6£0131 tXNAMEC 25,21,.Qll I 25 I ,SSSI 25 I ,H.FLQOI 251 ,HFVPR I 251, ITMSTI 31 ,RTX 
701 ,PI I 5,25 I, TOT 1 I 251.,CFOI 251 ,POPI 25 I 

COMMON NnuT,NINtSMFD,DSPEC,DOF,IDSM,NSTMS,SOF,NFDS,IMAX,NMAX, 
liMAX,TMIN,BETA,OELT,ALIMl,ALlM2jALIM3,ALIM4,ALIM5~ALIM6,ALIM7,ALIM 
28 ,NHTMS ,PRESS,· IDl'iM, . QREB tBTMS ,.SMS T, I FLIP, THETA ,RT FX, Pi D, 
3SDSR,SFOJ ,SSStT,HLOP,NSTM,NFPT,FLOV,HFED,NHTM,HHST,AK.,BK,CK,DK, 
4EK,FK,ENLO,ENLl,ENL2~EN(3,ENL4,ENVO,ENVltENV2,ENV3,ENV4,FRACT,FDRT 
5,EQUltXiftGtVPRRtCONltREFLXtBltDI,TFEDtLTEST,MTEST,NTEST,lHE,\AL,XNA 
6ME,QI1,TSR,EQUl1, XFED,YFED~HFLQD,HFVPR,ITMST~TCON,IOTPT.,RTX, 
7 PI, TOT I ,d·O, POP t I VPR, I PAGE tNlS lN.,XXX 

J5•0 
I 8=0 

•J7•2 . 
. SUM•O,O ·· 

DO 1 I• 1, I MAX 
IFI INDI 12t2•3 

2 SUM"SUM+XINtll 
GO TO 4 

3 SUM,,.SUM+XFEOCNtl) 
4 IF(SUM-Oe31ltl.t5 
5 JFl 1-116,6,1 
6 LOOKE•2 

GO TO 8 
7 LOOKE"I 

GO TO 8 
1 CONTINUE 
8 TlT=TT 

18 CALL KVAL(TlTI 
18•18+1 
1Fll8-30t25,25,l6 

·25 SUM=O.O 
DO 11 ·I•l ., IMAX 
IFIINDll9,9,10 

9 SUM=SUM+X<N•ll*fQUl(lr 
GO TO 11 . 

10 SUM=SUM+XFEDINtll*EQUllll. 
11 CONTINUE 

GO TOU3t21 I wJ7 
21 lFCAijSFCl.O-SUMJ-ALlMbll2,12•13 
13 AKPRM=EQUI ILOOKE.1/SUM 
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1405 
1406 
1407 
1408 
1409 
1410 
1411 
1412 
1413 
1414 
1415 
1416 
1417 
1418 
1419 
1420 
1421 
1422 
1423 
1424 
1425 
14.26 
1427 
1426 
1429 
1430 
1431 
1432 
1433 
1434 
1435· 
1436 
1437 
1438 
1439 
1440 · 
1441 
1442 
1443 
1444 
1445 
1446 
1447 
1448 
14.49 
1450 
1451 
1452 
1453 
1454 
145S 
1456· 
1457 
1458 



BKPRM•BKILOOKEl+2,0*CK(LOOKEl*TlT+3eO*OKILOOKEl*TlT*TlT+4eO*EKILOO 
lKEl*IT1T**3l+5eO*FKCLOOKEl*<TlT**41 

19•0 
T2•TlT+(AKPRM-EQUl(LOOKEll/BKPRM 
1F(T2-TMAXl61,6l,71 

71 T5•TMAX 
GO TO 63 

61 IFIT2-TMIN172,72~62 
72 T5•TMIN 
63 J511J5+l 

T2•T5 
IF I J5-4.l6.2, 16,62 

62 19=19+1 
IF119-30115,l5•16. 

15 CALL KVALIT21 
Tl•TlT 
T1T=T2 
IFIABSFIT2-Tll-ALIM6117,l7~19 

19 J7:al 
GO TO 18 

17 J7•2 
GO TO 18 

16 WRITE OUTPUTTAPE NOUT,100,NeTlT 
100 FORMAT147H BUBBLE POINT DID NOT CONVERGE FOR TRAY OR FEED l4,18H W 

llLL SET TEMP. AT Fl0o4,13H ANO CONTINUE! 
12 TT=TlT 

RETURN 
ENO 

* LISTS 
* LABEL 
COEWPT OoSoUo TRAY BY TRAY 

SUBROUTlNE OEWPTIN,.TT,INOI,XXI 
DIMENSION RTFi13,251,SbSRl41,PIOl121,SFDJl251, 

1 Tl200l,HLbPl2001,~STM14l•SOFl41,NFPTl3l,HFEDl3l,NHTM(6l•HHSTl6) 
2, AK ( 2 51 , BK I 25 I , CK I 25 I • DK ( 25 I , EK I 25 I ,F KI 2 5 I , ENLO I 2 5 I , ENLl I 2 5 hENL2 C 
jz51,ENL3125>,ENL41251~ENVOl25ltENV1125l,ENV21251,ENV31251,ENV4125l 
4 ,EQU 1125 l ,FRACTl31 ,FORT 1.31 ,XI 200 ,25 I ,FI 2 00 ,25 I ,GI 200, 251 • VPRHI 200 l 
5,EQUl11251 ,XFE013,251,YFED13,251•DIC25l,&11251,XXX125l•Tf 
6EDl31•XNAMEl25•21•Qll125f~SSSl251•HFLQDl25l,HFVPRl251•1TMSTl3!•RTX 
7(3l,Pl15,251,TOT11251,CFDl251,POPl251 

COMMON NOUT ,N lf'hSMFP tDSPE;C ,t)OF, IDSM ,NSTMS, SOF ,tffOS t IMAX, NMAX, 
lTMAX,TMIN,BETA,DELl,AL1Ml,ALlM2,AllM3,ALIM4,ALIM5,ALIM6•AllM7,ALlM 
28,NHTMS,PRE'.SS, IDHM, .· . QREB,BTMS,SMST, IFUP,THETA ,RTFX,PID, 
3SDSR,SFDJ · ,sss,T,HLDP~NSTM,NFPT,FLOV,HFED,NHTM~HHST,AK,BK,CK•D~, 
4EK,FK~ENL0,ENLl,ENL2•ENL3,ENL4,ENVO,ENVl~ENV2•ENV3,ENV4,FRACT,FDRT 
5,EQUI ,.X,F ,G,VPRR,CONl ,REFLX,1,1 ,DI, TFED,LTEST,MTEST ,NTEST, IHBAL,XNA 
~ME,Qll,1SR,EQ0Il, XFED,YFED,HFLQD,HFVPR,ITMST,TCON,IOTPT~RTX, 
7 Pl-TOTI,CFO,POP,lVPRtlPAGE,NlS1N•XXX 

J5~0 · .. 
1a .. o 
J7z2 
SUM=OeO 
00 l I "i , I MAX 

3 SUM=SUM+YFEDI N •II 

119 

1459 
1460 
1461 
1462 
1463 
1464 
1465 
1466 
1467 
1468 
1469 
1470 
1471 
14 72 
1473 
1474 
1475 
1476 
1477 
1418 
l4 79 
1480 
1481 
!482 . 
1483 
1484 
1485 
1486 
1487 
1488 
1489 
1490 
1491 
1492 
1493 
1494 
1495 
1496 
1497 
1498 
1499 
1500 
1501 
1502 
1503 
1504 
1505 
1506 
1507 
1508 
1509 
1510 
1.511 
1512 



4 IFlSUM-0.311•1•5 
5 IFC l-116,6•7 
6 LOOKE•2 

GO TO 8 
7 LOOKl;•I 

GO TO 8 
l CONTINUE 
8 TlT•TT 

18 CALL KVALlTlTI 
18al8+1 . 
1FIJ8-30125,25,16 

25 SUM=O.O 
DO 11 I•ltlMAX 

10 SUM•SUM+YFEDIN,11/~QUIIII 
11 CONTINUE 

GO TOl13,21),J7 
21 IFIABSFlle0-SUMI-ALIM4112tl2,13 
13 AKPRM=EQUllLOOKEl*SUM . 

BKPRM=BKI LOOKE I +2eO*CK I LOOKE I *T lT+h O*DK lLOOKE I* IT 1T**2 I +4e O*EK I LO 
10KEl*ITlT**31+5eO*~KILOOKEl*lTlT**41 

19•0 
T2•TlT+lAKPRM-EQUllLOOKEII/BKPRM 
IFIT2-TMAX161,61•71 

71 T5•TMAX 
GO TO 63 

61 1FIT2-TM1Nl72t72,62 
72 T5=TMIN 
63 J5aJ5+1 

Tz .. ,s 
IFIJ5-3162•122t62 

122 T1T=T2 
GO TO 16 

62 19•19+1 
IFII9-30115,15,16 

15 CALL K,VALITZJ 
Tl•Tl T 
Tl T=T2 
lFIABSFIT2-Tll-ALlM4)17,17tl9 

19 J7•1 
GO TO 1.8 

17 J7 .. 2 
GO TO 18 . . 

16 WRITE OUTPUTTA~E NOUT,100,NiTlT 
100 FORMATl36H DEifi POINT DID NOT CONVERGE FOR FEED•l3tl8H WILL SET TEM 

lPe AT,Fl0~4,l3H AND CONTINUE> 
12 CONTINUE. 

TT=TlT 
RETURN 
END 

* LI ST8 
* LABEL 
CKVAL o.s.u~ TRAY BY TRAY 

SUBROUTINE KVALCTT) 
DIMENSION RlFXl3t25J,SOSR141•PlDl121,SFDJl251• 

120 

1513 
1514 
1515 
l!H6 
l517 
1518 
1519 
1520 
1521 
1522 
1523 
1524 
1525 
1526 
1527 
1528 
1529 
1530 
1531 
1532 
1533 
1534 
15.35 
1536 
1537 
1538 
1539 
1540 
1541 
1542 
1543 
1544 
1545 
1546 
1547 
1548 
1549 
1550 
1551 
1552 
1553 
1554 
1555 
1556 
1557 
1558 
1559 
1560 
1561 
1562 
1S63 

· 1564 
1565 
156.6 



l Tl2001tHLDPl2001,NSTMl41tSOF141,NFPT131,HFEOl31tNHTHl61,HHSTl61 
2 •AKI 251 ,BK I 25 I ,CK I 251, OK 125 I , EK I 251 ,F K 12 51 t ENLO I 2 51 ,ENL l I 25 It ENL 2 I 
3251tENL31251,ENL41251,ENVOl251•ENVll25ltENV21251tENV31251tENV41251 
4,EQU11251tFRACTl31tFORTl31tXl200,251,Fl200,25ltGl200t251tVPRR1200) 
5,EQU111251 tXFEOl3,251tYFE013,25l•Dll251,81125ltXXX(25ltTF 
6E0131tXNAHE125,21tQl1(25ltSSSl251tHFLQD1251,HFVPRl251•1TMSTl31tRTX 
7131,Pl15,25l,TOTI1251,CFDl251,POPl251 

COMMON NOVT,NIN,SMFDtDSPEC,OOF,IDSM,NSTMS,SOFtNFDS,IHAX,NMAX, 
lTMAX,TMIN,BETA,DELT,ALIMl,ALIM2,ALIH3,AllM4,ALIM5,ALIM6,ALIM7,AllM 
28,NHTMStPRESS,lDHM, QREB,BTMS,SMST,IFLIP,THETA ,RTFX,PID, 
3SOSR,SFDJ ,sss,T,HLDP,NSTH,NFPT,FLOV,HFED,NHTM,HHST,AK,BK,CK,OK, 
4EK,FK,ENL0tENLl•ENL2tENL3,ENL4,ENVO,ENVl,ENV2,ENV3,ENV4,FRACT,FDRT 
5,EQUltX,F,G,VPRR,CONl,REFLX,81,DI,TFED,LTEST,MTEST,NTEST,IHBAL,XNA 
6HE,QI1,TSR,EQUll• XFED,YFED,HFLQD,HFVPR,ITMST,TCON,IOTPT,RTX, 
7 PltTOTI,CFD,POP,IVPRtlPAGE,NlSlN,XXX 

Tl•TT 
1FIT1-TMAX120lt202,202 

202 Tl•TMAX 
TT•Tl 

201 1FIT1-TMIN1204t204,206 
204 Tl•TMIN 

TTsTl 
206 T2•Tl*Tl 

T3•T2*Tl 
T4•T3*Tl 
T5sT4*Tl 
DO 207 I•ltlM.AX 

207 EQUllll•AKlll+BKlll*Tl+CK1ll•T2+DKlll*T3+EKIIl*T4+FKlll*T5 
RETURN 
END 

* LISTS 
* LABEL 
CENTHL o.s.u. TRAY BY TRAY 

SUBROUTINE ENTHLIIFDC,HVAL,INC,TT,Nl 
DIMENSION RTFXl3t25>,SDSRl4ltPJOl121•SFDJl251• 

1 Tl200l,HLDPl2001,NSTMl41,SOF141,NFPTl31,HFEDl31,NHTMl61,HHSTl61 
2tAK(25l,8Kl251tCKl251,DKl251,EKl251,FKl251,ENL0(25l•ENL11251,ENL2( 
3251,ENL31211,ENL41251,ENVOl251tENV1125l•ENY21251,ENV3(251,ENV41251 
4,EQUI 1251,FRACTl3hFDRTl31 •Xl200,251 ,F1200,251 tGl200,25l oVPRR1200) 
5,EQUill251 ,XFED13,25l,YFED13t251,Dl125ltf:lll25ltXXXl25ltTF 
6EDl3ltXNAME125•21,Qll1251,SSSl25l•HFLQDl25l,HFVPRl25l,ITMSTl3l•RTX 
7131,Pl15,251,TOTl1251,CFDl251,POPl25l 

COMMON NOUT,NIN,SMFD,OSPEC,DOF,IDSM,NSTMS,SOF,NFDS,IMAX,NMAX, 
lTMAX,TMIN,8ETA,OELT,ALIMl,AL.IM2,ALIM3,ALIM4,ALIM5,ALIM6,ALIM7,ALIM 
28,NHTMS,PRESS,IDHM, QREB,BTMS,SMST,IFLIP,THETA ,RTFX,PID, 
3SDSR,SFOJ ,SSS,T,HLOP,NSTM,NFPT,FLOV,HFEO,NHTM,HHST,AK,BK,CK,DK, 
4EK,FK,ENLOtENLltENL2,ENL3,ENL4,ENVO,ENVl,ENV2,ENV3,ENV4,FRACT,FDRT 
5,EQUl,X,F,G,VPRR,CONl,R~FLX,81,0i,TFED,LTEST,MTEST,NTEST,IHBAL,XNA 
6ME,Qll,TSR•EQUI1• XFEO,YFEO,rlFLQD,HFVPR,ITMST,TCON,IOTPT,RTX, 
7 PltTOTl,CFO•POP,IVPR,lPAGEtNlSlN•XXX 

C IFOC:5, 'ALCULATE FEED ENTHALPY 
C IFOC NE 5 CALCULATE TRAY ENTHALPY 
C INCcl,CALCULATE LIQUID ENTHALPY 
C IN~•2,CALCULATE VAPOR ENTHALPY 
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1567 
1568 
1569 
1570 
1571 
15 72 
1573 
1574 
1575 
1576 
1577 
1578 
1579 
1580 
1581 
1582 
1583 
1584 
1585 
1586 
1587 
1588 
1589 
1590 
159 1 
1592 
1593 
1594 
1595 
1596 
1597 
1598 
1599 
1600 
1601 
1602 
1603 
1604 
1605 
1606 
1607 
1608 
1609 
1610 
1611 
1612 
1613 
1614 
1615 
1616 
161 7 
1618 
16 19 
16 20 



Tl•TT 
T2•Tl*Tl 
T3•T2*Tl 
T4•H*Tl 
H\IPR•o.o 
HLQO•OeO 
GO TOl301•30211lNC 

301 DO 3 l•ltlMAX 
HLQDl=ENLOI I l+ENLl I I l*Tl+ENL21 I l*T2+ENL31 I l*T3+ENL41 l l*T4 
IF<S-IFDCl303,21303 

2 HLQD=HLQO+HLQDl*XFED<N•ll 
GO TO 3 

303 HLQD•HLQD+HLQOl*XIN,11 
3 CONTINUE 

HVAL=HLQD 
RETURN 

302 IFIIFDC-Slll,12,ll 
11 CALL KVALITTI 
12 DO 6 l=ltlMAX 

HVPRl=ENVOlll+ENVllll*Tl+ENV21ll*T2+ENV31ll*T3+ENV4!l!*T4 
JFIIFDC-S)30S,5t305 

5 HVPR•HVPR+HVPRI*YFEDIN,Il 
GO TO 6 

305 HVPR=HVPR+HVPRl~XIN1ll*EQUl(II 
6. CONTINUE 

HVAL,.HVPR 
. RETURN 

.. END 
* LISTS 
* LABEL 
CFLDRT .. ·. o~s.u. TRAY .. BY. TRAY 

SUBROUTINE FLDRTIN,FLQRl,FLDR2l . . . 
C CALCULATION OF Ll.QUlD RATES FOR CONSTANT AND NON-CONSTANT OVERFLOW 

DIMENSION RTFXl3.,251,SDSR441,PID112l,SFDJ(25l, 
l Tl 2001 ,HLDPI 2001,NSTM14l ,SOFIA) ,NFPT< 31 ,HFEDI 31 ,NHTMI 61,HHST I 61 
2,AKl25ltBK125l,CK125JtOKl251,~Kl25J,FK(251 ,ENL0125ltENlll251,ENL21 
3251,ENL3125l,~NL41251,ENV0125>•ENV11251,ENV21251,ENV312Sl,ENV4125l 
4,EQUI1251,FRACJ131,FDRTf3l•Xl200,251,Fl200,2Sl•G<200,Z51tVPRRl2001 

· 5 • EQU 11 I 25 l , XF ED< 3 • 25 I , YFED <3, 2 5 I• DI < ,2 5 I • 81125 I , XXX ( 25 I , TF 
6ED13),XNAME12512l,cill(25l,SSS<251•HFLQD(25),HFVPRl2Sl,ITMSTl31,RTX 

· 7131,PU5,25),TOTl1251,CFDl251,POPl251 . 
COMMON NOUT,NJN,SMFDtDSPECtDOf•lDSM,NSTMS•SOF,NFDS,IMAX,NMAX, 

lTMAX~TMlNtBETAtDELT,AL1Ml•ALIM2,ALIM3•ALIM4,ALlM5,ALIM6,ALIM7,AL1M 
28,NHTMS,PRESStlDHM, QREB,BTMS,SMST, IFLIP,THETA ,RTFX,PID, 
3SDSR., SFDJ • SSS, T ,Ht.DP ,NS TM, NFP T ,F LOV, HFED t NHTM ,HHS T ,AK, BK, CK, DK, 
4EK,FK,ENL~tENLl,ENL2,ENL3,ENL4,ENVO,ENV1,ENV2,ENV3,ENV4,FRACT,FDRT 
5,EQUI,X,F,G,VPRR,CONl,REFLX,BI,OI,TFED,LTESJ,MTEST,NTEST,lHBAL,XNA 
6ME,Qll,TSR1EQUll, XFED,YF~D,HFLOD,HFVPR,ITMST,TCON,lOTPT,RTX, 
1 Pl,TOTI,CFO,POP,IVPR,IPAGE,NlSlN,XXX 

IF I N-- .11 l , l • 2 . 
l XFLX=BTMS 

FLDRl=BTMS 
GO TO 3 

2 FLDRl=FLDR2 
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3 IFINMAX-Nl4,5,4 1675 
5 FLDR2•0,0 1676 

GO TO 6 1677 
4 JFINSTMS1lltllt8 1678 
8 DO 9 J•l,NSTMS 1679 

JFIN-NSTMl11191l0,9 1680 
10 XFLX•XFLX+SDSRlll 1681 

GO TO 11 1682 
9 CONTINUE 1683 

11 DO 12 1•1,NFDS 1684 
IFIN-NFPTllJll6113,16 1685 

13 XFLX•XFLX-FDRTlll*FRACTlll 1686 
16 IFIN-l-NFPTCl)ll2,17•12 1687 
17 XFLX•XFLX-FDRTlll*CleO-FRACTllll 1688 
12 CONTINUE 1689 
14 FLDR2•XFLX+VPRRINI 1690 

IFINMAX-l-N16t5316 1691 
53 FLDR2•VPRRINI-OSPEC 1692 

6 CONTINUE 1693 
RETURN 1694 
ENO 1695 

* LISTS 1696 
* LABEL 1697 
CTDFLD o.s.u, TRAY BY TRAY 1698 

SUBROUTINE TDFLDCM,FLOR1,FLDR2,IFLX,XFLXI 1699 
DIMENSION RTFX13,251,SOSRl41,Pl011211SFOJl2511 1700 

1 . TC200J,HLDPl2001,NSTMl41,SOFl411NFPTl31,HFE0(3i,NHTMl6J,HHSTl61 1701 
2tAKl25l,BK(251,CKC25l,DKl251,EK(25l,FKl25l,ENLOl25l•ENL112511ENL21 1702 
325l,ENL3(2511ENL4125l,ENV0125l,ENV112511ENV2125l,ENV312511ENV4125l 1703 
4,EQUll251,FRACTC31,FORTl311X(200,25l,Fl200,25l,GC20012511VPRR(200l 1704 
5,EQUl1125l ,XFE0(3,25l,YFE0(3o25lt01(25l,Bll2511XXXl25l,TF 1705 
6ED13l•XNAME12512l,Qll12511SSSl2511HFLQOl2511HFVPR(2511lTMST(311RTX 1706 
713ltPlt5,25l,TOTl1251,CFOl25l,POPl251 1707 

COMMON NOUT,NIN,SMFD10SPEC1DOF,IOSM,NSTMS1SOF,NFOS,IMAX1NMAX1 1708 
lTMAX,TMlN,BETA,OELT,ALlMl1ALlM2,ALlM3,ALIM4,ALIM51ALlM61ALIM7,ALIM 1709 
281NHTMS,PRESS1IDHM, QR~B,BTMS1SMST,IFLIP1THETA ,RTFX,PID, 1710 
3SOSR,SFOJ ,sss,T,HLOP,NSTM,NFPT,FLOV,HfED,NHTM,HHST,AK,BK,CK,DK, 1711 
4EK1FK1ENL01ENLl,ENL21ENL31ENL41ENV01ENVl,ENV21ENV3,ENV41FRACT,fDRT 1712 
51EQUl,X,F1G1VPRR,CONl,REFLX,Bl,Dl,TFED,LTEST,MTEST,NTEST,IHOAL,XNA 1713 
~M(,QJl,TSR,EQUll, XFEO,YFEO,HFLQD,HFVPR,ITMST,TCON,lOTPT,RTX, 1714 
1 Pl,TOTl•CFO,POP•IVPR~IPAGE,NlSlN•XXX 1715 

C IFLX•l,CALCULATE ' LIQUID RATE . 1716 
C IFLX•2 CALCULATE FLUX FOR VAPOR RATE 1717 

IFINMAX-M>l,1,2 1718 
l XFLX•OSPEC 1719 

YFLX:s XfLX 1720 
FLDR2•0.0 1721 
FLDRl•VPRRIM-11-XFLX 1722 
GO TO 11 1723 

2 FLOR2:sFLDRl 1724 
3 lf(NSTMSl616tlO 1725 

10 00 4 J•l,NSTMS 1726 
K•NSTMS-J+l 1727 
L•NSTMIK>-1 1728 



IFIM+l-NSTMll<.l 117,18•17 
18 YFLX•YFLX+SOSRIKI 
17 IFCM-Ll4,5t4 

5 XFLX•XFLX+SDSRIKl 
4 CONTINUE 
6 DO 7 J•l,NFDS 

K•NFOS-J+l 
N•M-1 
L"M 
Ll•M+l 
IFIN -NFPTIK1121•22t21. 

22 YFLX•YFLX-FORHKl*ll•O-FRACTIKI I 
21 IFIL-NFPTIK1ll3ol4,13 
14 YFLX=YFLX-FORTIKl*FRACTIKl 
13 IFIL-NFPTIK1131•8•3l 

8 XFLX=XFLX-FORTIKl*ll•O-FRACTIKll 
31 IFILl-NF~TIK)l7t20,7 
20 XFLX=XFLX-FDRTIKl*FRACTIKI 

7 CONTINUE 
12 GO 1019,lll,IFLX 

9 FLDRl=VPRRIM-11-YFLX 
11 RETURN . . 

END 
* UST8 
* LABEL 
COTPT Ooi,U, TRAY BY TRAY 

SUBROUTINE OTPTINCVGtKB,ICONI 
C PRINT OUT OF X,Y,L,V,~ 

DIMENSION .. RTFXl3t2.51,SDSRl41,PIDl12ltSFDJ125l, 
l Tl 2001tHL0Pl200·l ,,NSTM141 tSOFl4l tNFPT( 31 tHFfDI 3 l ,NHTMl61tHHSH6l 
2tAKl25l,BK125ltCKf25l,DKl25l,EK125l~FKl25l,ENLOl251•ENL1125l,ENL2( 
3251 ,ENL3 I 251tENl.4125 l, ENVO I 25 I , ENV l I 25 l , ENV2 I 25 I , ENV3 I 25 l , ENV41.25 I 
4,EQUll251,FRACTl31,FDRTl3ltXl200•25l,F(200,251tGl200,251tVPRRl2001 
5,EQUl1125l ,XFEDl3t25ltYFE013,251,0ll251,Bil251,XXXl25l,TF 
6ED I 3 l •XNAME ( 25 t 2 l , QI 1I251 t SSS ( 25 I ,HF LOO( 25 l, HFVPR I 25 I , l TMS Tl 3 l t R TX 

. 7 I 3 l t P I I 5 , 2 5 I , TO ll I 2 5 I , CF DI 2 5 I , POP I 2 5 l 
COMMON NOUT,NIN,SMFO,OSPEC,DOFtlOSM,NSTMS,SOF,NFDS,IMAX,NMAXt 

lTMAX,TMIN,BETA,DELT,ALIMl,ALIM2tALlM3,ALIM4,ALIM5,ALIM6,ALIM7,ALIM 
28,NI-ITMS,PRESS,lOHM, QREB,BTMS,SMST,IFLIP,THETA tRTFX,PID, 
3SDSRiSFOJ ,sss,T,HLOP,NSTM,NFPT,FLOV,HFED,NHTM,HHST,AK,BK,CK,DK, 
4EK,FK,ENLO•ENLl•ENL2tENL3,ENL4,ENVO,ENVl•ENV2•ENV3~ENV4,FRACT,FORT 
5,EQUI.,X,F,G,VPRRtCONl,REFLXiBI,OI,TFED,LTEST,MTEST,NTEST,lHBAL,XNA 
6ME,QlltTSR1EOUlli XFED,YfEO,HFLQD,HFVPR,ITMST,TCON,IOTPT,RTX, 
1 PI,TOTI,CFD,POP,IVPR,lPAGE•NlSlN,XXX 

C IF IOTPTml,INTERMEDIATE RESULTS ARE NOT PRINTED 
C IF IOTPT=2,INTERMEOlATE RESULTS ARE. PRINTEO 
C IF NCVG=ltPROGRAM IS IN INTERMEDIATE CALCULATIONS 
C NCVG~2,PROGRAM HAS CONVE~GEO 
C NCVG=3,MAXIMUM PASSES COMPLETEO,PROGRAM 010 NOT CONVERGE 

IFLX=l 
1FIKBl4t307,307 

307 CALL PAGE 
GO TOll,2,40>,NCVG 

2 WRI)E OUTPUTTAPE NOUT,3,KB 
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3 FORMATC 42H FINAL RE SUL TS,PROBLEM HAS CONVERGED AFTER, 14,7H PASSES~ 1783 
GO TO 4 1784 

l WRITE OUTPUTTAPE NOUT,5,KB 1785 
5 FORMATC 12H END OF PASS,14126H PROBLEM HAS NOT CONVERGED! 1786 

GO TO 4 1787 
40 WRITE OUTPUTTAPE NOUT,41 1788 
41 FORMA TC 106H PROBLEM HAS COMPl,.ETED MAXIMUM NUMBER OF PASSES WITHOUT 1789 

l CONVERGING, THE RESULTS FROM THE FINAL PASS FOLLOW! 1790 
4 DO 12 M=l,NMAX 1791 

N•NMAX-M+l 1792 
IFIN-NMAXIB,12,8 1793 

8 CALL PAGE 1794 
Kl•M-2 1795 
K•M-1 1796 
WRITE OUTPUTTAPE NOUT,13,KeTINl 1797 

13 FORMAT15H TRAY,I5,18H TRAY TEMPERATURE=,F8.31 1798 
9 WRITE OUTPUTTAPE NOUT,14,Kl•K 1799 

14 FORMATl12X•20H LIQUID LEAVING TRAYl4t7X,19H VAPOR LEAVING TRAY14/ 1800 
llOH COMPONENT,9Xt5HMOLES,10Xt2HMFt9X,5HMOLEStlOX,2HMF,7X,8H K VALU 1801 
2El 1802 

K=N+l 1803 
CALL TDFLDIK~FLDRl,FLDRZtlFLX,~FLXl 1804 
TT:aTCNI 1805 
CALL KVALITTI 1806 
DO 15 l=l,lMAX 1807 
YY=EQUI I I l.*X Uh.I I. 1808 
FL=FLDRl*XlN+ltJI 1809 

18 FV•VPRRINl*YY 1810 
15 WRITE OUTPUTTAPE NOUTtZO,IXNAME(l,Jl,J•l,21,FLtXIN+ltlltFV,YY,EQUI 1811 

1111 1812 
20 FORMATllH t2A6,Flh4,.Fl3o6,Fl3•4tF13.6,Fl3o61 1813 

WRITE. OUTPUTTAPE NOUT,22,FLDRltVPRRIN) 1814 
22 FORMATl3X,4H SUM,9Xtfl0o4,4X,9H lo000000,3X,Fl0.4t4Xo~H loOOOOOOI 1815 

DO 610 J=ltNFOS 1816 
Jl•NFDS-J+l 1817 
IFIN-NFPT(Jlll,l0t612t610 1818 

612 CALL PAGE 1819 
K=M·d 1820 
Kl~M-2 1821 
WRITE OUTPUTTAPE NOUT,613,K,J,Kl 1822 

613 FORMATl5H TRAY,14,23H IS A FEED TRAY OF FEED. 12/77H THE LIQUID COM 1823 
lOSITION ENTERING THlS TRAY AND VAPOR CAMPOSITION ENTERING TRAY 14, 1824 
27H FOLLOW/20X,6HLIQUID,3SXt5HVAPOR/lOH COMPONENT,8X,5HMOL~S,llX,2H 1825 
3MF,8X,5HMOLES,llX,2HMFI 1826 

SUMl=VPRRIN)+FDRT(Jll*ll.O~FRACTIJlll 1827 
SUM=FLDRl+fORTIJll*FRACTtJll 1828 
DO 643 l=l•IMAX 1829 
C•~PRR!Nl*EQUllll*XINtl!+YFEDlJltll*(SUMl~VPR~INll 1830 
A=FLDRl*XIN+l,ll+XFEO!Jltll*FDRTIJll*FRACT(Jll 1831 
D•C/SUMl 1832 
B•AISUM 1833 

643 WRITE OUTPUTTAPE NOUT,615,~XNAMEII,Jl~Jsl,21,A,B,C,D 1834 
615 FORMAT(lH 2A6,Fl3•4•Fl3o6tFl3o4.,Fl3•61 1835 

WRiTE OUTPUTTAPE NOUT,616,SUM,SUMl 1836 



616 FORMAT(3X,4H SUM,9X,Fl0o4,4X,9H lo000000,3X,Fl0e4e4X,9~ loOOOOOOI 
610 CONTINUE 

1004 FORMATt5H TRAY,15e46H IS A SIDE DRAW TRAY, THE LIQUID INTERING TRA 
1Y, I 5, SH FO.Ll.OWS/ lOH COMPONENT, BX, 5HMOLES, l lX, 2HMF l 

1006 FORMAT43X,4H SUM,9X,F10o4t4X,9H leOOOOOOl 
IFINSTMSl12,!2,1001 

1001 CALL PAGE 
DO 1002 IX5•1,NSTMS 
NIP .. N+l 
IFINIP-NSTMIIX5111002,1003,l002 

1003 WRITE OUTPUTTAPE NOUT,1004,NIP,N 
DO 1005 17A .. l,1MAX 
XAX=IFLDR1-SDSRIIX51l*XIN+ltll 

1005 WRITE OUTPUTTAPE ~our, 1010,IXNAMElI,J1,J=1,2,~XAX,XIN+l,ll 
lOH> FORMATI lH 2A6,Fl3o4,Fl3o61 

XAX=FLDRl-SDSRllXS I 
WRITE OUTPUTTAPE N00T,1006,XAX 

1002 CONTINUE 
12 CONTINUE 

ALRT•FLORl 
CALL PAGE 
WRITE OUTPUTTAPE NOUT,25 

25 FORMATl21H PRODUCT COMPOSlTIONS,16.X,llH .OISTILLATE,l3Xt7HBOHOMS/l 
19X,49H COMPONENT MOLES MF MOLES MF! 

SUM=OeO 
SUMX=OeO 
NPDSsNS HIS+ 2 
DO 26 l=ltlMAX 
SUM=SUM+P l I lt 1 l 
SUMXsSUMX+P I INPDS• I) .. 
Go ro120,211,1coN · 

28 FX=XINMAX,11 
GO T.O .26 

27 TT=TCNMAXI 
CALL KVAL.ITTI .. 
FX=XINMAXtl )ll.EQUJ 11 I 

26 WRlTf.OUTPUTTAPE NOUT,30,IXNAMEII~J>,J~l,21,PlllllJ,~i,P!lNPDS,!1, 
lXlltll 

30 FORMATll8X•2A6tFl0,4,Fl0.6,Fl0•4tfl0,61 
WRITE OUTPl,ITTAPE NOUT,31,SUM,SUMX 

31 FORMATl.23Xt4H SUM;S)(,.fl0.4,8H 1.oooo.2x,F10 .. 4,5H 1.00001 
GO TOl33,32!,I(ON . 

3J WRITE.OUTPUTTAPE N0Uh3.4. 
34 FORMATl39H DISTILLA1E LEAVES THE.COLUMN AS LIQUID! 

GO TO 697 
32 WRITE OUTPUTTAPE NQl)Tt36 
36 FORMAT(38H DISTILLATE LEAVES THE COLUMN AS VAPOR! 

697 IFINSTMSl35,35,107 
107 CALL PAGE 

WRITE OUTPUITAPE NOUT,121 
121 FORMATl25X•l8H PRODUCT SIDE CUTSI 

DO 131 N6=1,NSTMS 
NN=N6+1 
CALL PAGE 
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NS•NSTMS-N6+1 1891 
N7•NSTMIN51 1892 
N8•NMAX-N7 1893 
WRITE OUTPUTTAPE NOUT,122•N8 1894 

122 FORMATC17H SlOE CUT AT TRAY 15/19X,30H COMPONENT MOLES 1895 
lMFI 1896 

SUM•O•O 1897 
00 130 l•l•IMAX 1898 
SUM•SUM+PllNN,11 1899 

130 WRITE OUTPUTTAPE NOUTtl51,IXNAMEll,J),J•l•21,PllNN,lltXCN7,11 1900 
151 FORMATl19X•2A6,Fl0.4,Fl0.61 1901 
131 WRITE OUTPUTTAPE NOUT,152,SUM 1902 
152 FORMATl23Xt4H SUM,6X18H leOOOO,FlOe61 1903 

35 CONTINUE 1904 
IFDC•l 1905 
TT•Tl21 1906 
NS•2 1907 
INCX•l 1908 
CALL ENTHLIIFXC,HVAL,INCX,TT,NSI 1909 
HLT2•HVAL 1910 
NS=l 1911 
TT=Tlll 1912 
CALL ENTHLllFOC,HVAL•INCX,TT,NSI 1913 
HLTl•HVAL 1914 
INCX•2 1915 
CALL ~NTHLIIFOC,HVALtlNCX,TT,NSI 1916 
HVTl•HVAL 1917 
HBT•HLTl•BTMS 1918 
HBTX•HBT 1919 
QREBaHVTl*VPRRlll+HBT-HLT2*ALRT 1920 
CALL PAGE 1921 
WRITE OUTPUTTAPE NOUT~507,QREB 1922 

507 FORMATl20H COLUMN HEAT BALANCE//5Xt21H HEAT ADDED TO COLUMN/5Xtl9H 1923 
. 1 REBOILER HEAT DUTY El6e81 1924 

SUM~QREB 1925 
DO 550 J=l,NFDS 1926 
NM•NFDS-J+l 1927 
HX•HFEDINMl*FDRTINMI 1928 
WRITE OUTPUTTAPE NOUT,556,J,HX 1929 

550 SUM=SUM+HX 1930 
556 FORMAT15Xtl8H ENTHALAPY OF FEED I3,El6e81 1931 

IFINSTMSl557,557,558 1932 
558 DO 560 J•l•NHTMS 1933 

NM=NHTMS-J+l 1934 
lFIHHSTINMI 1561,560,560 1935 

561 SUM~suM-HHSTINMI 1936 
WRITE OUTPUTTAPE NOUT,562,J,HHSTINMI 1937 

562 FORMATl5Xt26H HEAT ADDED BY SIDE HEATER I3,El6e81 1938 
560 CONTINUE 1939 
557 WRITE OUTPUTTAPE NOUT,559,SUM 1940 
559 FORMATl5X,27H TOTAL HEAT ADDED TO COLUMN El6e8//) 1941 

NS•NMAX-1 1942 
TT•TINSI 1943 
INCX•2 1944 
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CALL ENTHLllFOC,HVAL•lNCX,TT,NSl 1945 
HVTl•HVAL•VPRRINSl 1946 
TT•TCNMAXl 1947 
NS•NMAX 1948 
INCX•l 1949 
CALL ENTHLIIFOC,HVAL,INCX,TT,NSl 1950 
HBT•HVAL•IVPRRINMAX-11-0SPECI 1951 
GO TOl571,570),ICON 1952 

570 1NCX•2 1953 
CALL ENTHLllFOC,HVAL,lNCX,TT,NSI 1954 

571 QBT•OSPEC*HVAL 1955 
QCOND•HVTl-QBT-HBT 1956 
WRITE OUTPUTTAPE NOUT,576,QCONO,QBT,HBTX 1957 

576 FORMAT15X,25H HEAT REMOVED FROM COLUMN/5X•lOH CONDENSER,El6e8/5X,l 1958 
llH DISTILLATE fl6e8/5X,8H BOTTOMS El6e81 1959 

SUM•QBT+QCONO+HBTX 1960 
1F<NSTMSl580,580,581 1961 

581 DO 582 J•l•NSTMS 1962 
NM•NSTMS-J+l 1963 
NS•NSTMINMI 1964 
TT•TINSI 1965 
INCX•l 1966 
CALL ENTHLIIFOC,HVAL•INCX,TT,NSI 1967 
QBT•HVAL•SDSRINMI 1968 
SUM•SUM+QBT 1969 

582 WRITE OUTPUTTAPE NOUT,583,J,QBT 1970 
583 FORMAT(5X,28H HEAT REMOVED BY SIDE STREAM,13,El6,81 1971 
580 IFINHTMSl584,584•585 1972 
585 DO 590 J=l•NHTMS 1973 

NM•NHTMS-J+l 1974 
. IFIHHSTINMI 1590,590,586 1975 

586 WRITE OUTPUTTAPE NOUT,591, J,HHSTINMI 1976 
591 FORMATl5Xt28H HEAT REMOVED BY INTERCOOLER 13,El6~81 1977 

SUM•SUM+HHSTINMI 1978 
590 CONTINUE 1979 
584 WRITE OUTPUTTAPE NOUT,592 ,SUM 1980 
592 FORMATl5X,19H TOTAL HEAT REMOVED El6. 81 1981 

CALL PAGE 1982 
WRITE OUTPUTTAPE NOUT,66 1983 

66 FORMAT114H TRAY PROFl~ES/7H TRAY,6XtllHTEMPERATURE,4X,lOHVAPOR R 1984 
1ATE,6Xtl9HENTHALPY/MOLE VAPORI 1985 

DO 60 Nl•l,NMAX 1986 
N=NMAX-Nl+~ 1987 
N2•Nl-l 1988 

62 JSA" l 1989 
JSB•2 1990 
TT•TINI 1991 
CALL ENTHLIJSA,HVAL~JSB,TT,NI 1992 

60 . WRITE OUTPUTTAPE NOUT163,N2,T(Nl,VPRRINI ,HVAL 1993 
63 FORMAT(3Xtl413X ,Fl4e4,Fl4•5•E24o81 1994 

JX•NMAX-1 1995 
WRITE OUTPUTTAPE NOUT,462,JX 1996 

462 FORMATl20H CONDENSER IS TRAY Ot/17H REBOILER US TRAY,14) 1997 
RETURN 1998 
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END 1999 
* LJST8 2000 
* LABEL 2001 
CPAGE OeSeU• TRAY BY TRAY 2002 

SUBROUTINE PAGE 2003 
DIMENSION RTFX13,2SltSOSR141tPID112),SFOJl251t 2004 

1 11200) ,HLOPl200) ,NSTMl41 t50F141 ,NFPTI 31,HFEDl31 tNHTMlbl ,HHSTI&) ZOOS 
2tAKl25ltBKl251tCK125ltDKl2Sl,EKl2SltFKl251tENL01251•ENLll25)1ENL21 200& 
3251,ENL31251,ENL41251tENVOl251tENV11251,ENV21251,ENV31251,ENV41251 2007 
4,EQUll251,FRACTl31,FDRTl31tXl200125>•Fl200,251tGl200,251tVPRRl2001 2008 
5,EQUl11251 ,XFEOl3,251•YFEDl3t251•Dil251,Bll2511XXXl251 ,TF 2009 
6EOl31,XNAMEi25•21tQIIl25>,5SSl251,HFLQDl251,HFVPRl251,ITMSTl31tRTX 2010 
7131,PIIS,25),T0TI1251,CFDl25>,POPl251 2011 

COMMON NOUT,NIN1SMFD1DSPEC,DOF,IDSM,NSTMStSOF,NFOS,IMAX,NMAX, 2012 
1 TMAX, TMIN,BETA,DELT,AL !Ml tALIM2,ALIM3,AL IM4 ,ALIMS ,ALJM&,ALIM7 ,ALIM 2013 
28,NHTMS,PRESS,IDHM, QREB,BTMS,SMST,IFLIP,THETA ,RTFX,PID, 2014 
3SDSR,SFDJ ,SSS,T,HLDP,NSTM,NFPT,FLOV,HFED,NHTM,HHST,AKtBKtCK,DK, 2015 
4EK,FKtENL0tENLl,ENL2•ENL3•ENL4,ENVO,ENVl,ENV2,ENV3,ENV4,FRACT,FDRT 2016 
S,EQUI,XtFtG1VPRR,CONl,REFLX,Bl,DI,TFED,LTESTtMTEST,NTEST,IHBAL,XNA 2017 
6ME,QI I, TSR• EQUI 1, XFED, YFED,HFLQD,HFVPR, 1 TMST ,.TCON, IOTPT,RTX, 2018 
7 PI,TOTl,CFD,POP,IVPR,1PAGE,NlSlN,XXX 2019 

IPAGE=IPAGE+l 2020 
WRITE OUTPUTTAPE NOUT,l,IPAG.E 2021 

l FORMATl1Hl,80X~l9HOeSeUo TRAY BY TRAYt/86X,4HPAGE,15) 2022 
WRITE OUTPUTTAPE NOUT.,2,IPIDII>,I=ltl2> 2023 

2 FORMATllH •l2A6,//I 2024 
RETURN 2025 
END 2026 

* DATA 2027 
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