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ABSTRACT  

SIMULATION OF A SINGLE FEED FRACTIONAL DISTILLATION COLUMN USING 

THE THIELE-GEDDES PROCEDURE 

By M. S. Abolahrari 

February 1973 

This thesis constitutes a simulation model of a 

single feed frational distillation column consisting 

of a single phase distillate, liquid or vapor product, 

an ecuilibrium stage reboiler, and a cascade consisting 

of theoretical equilibrium stages. The model limitations 

in addition to the single feed and the single phase 

distillate are 20 identifiable comnonents, and 100 theo-

retical equilibrium stages. The thermodynamic data re-

quired are vapor-liquid equilibrium data and vapor-

liquid enthalny data, both assumed to be correlatable 

as functions of temperature. Compositional dependence 

of the thermodynamic data is ignored, but minor pres-

sure variations throughout the cascade can be incor-

porated into the vanor-liquid equilibrium data. The 

method of solution employed in solving the non-linear 

equations describing this fundamental unit process is 

Hummel's variation of the Thiele-Geddes procedure 

coupled with the constant composition method of per-

forming enthalpy or energy calculations. 
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CHAPTER I  

INTRODUCTION 

A conventional fractional distillation column is 

defined as one in which a single feed is introduced and 

two basic product streams are withdrawn, the distillate 

and the bottom(4). Since the equations which describe 

the process of distillation of multicomponent mixtures 

are highly non-linear, this thesis discusses an iterative 

approach to the solution, using the 8 convergence pro-

cedure. An alternative is to linearize the equations 

collectively and solve using the matrix technique known 

as the Newton Raohson Procedure. 

The requirements of the iterative procedure are a 

set of independent variables still maintaining a fixed 

set of design variables. Thiele and Ger'des(9) selected 

the temperature and the liquid and vapor flow rates of 

each stage as the set of independent variables. This 

choice of absorption and stripping factors sets this 

specific calculational procedure apart from all others. 

This project report will present a computer 

approach in performing the above Thiele-Geddes iterative 

procedure for the calculation of a single feed fractional 

1 
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distillation column using the refinement presented by 

Hummel(10). This program includes the following option's: 

One Feed: 

1. Liquid Feed: 

a. sub cooled liquid feed 

b. saturated licuid feed (bubble point) 

2. Two phase flashed feed 

3. Vanor Feed: 

a. saturated vapor feed (dew point) 

b. super heated vapor feed 

Distillate 

1. All Liquid Distillate (Pubble Point) 

2. All vapor Distillate (Dew point). 

3. Two phase distillate option is not available. 

The fixed set of design variables are: 

1. feed rate, composition, and thermal con-

dition 

2. Distillate (phase condition) and bottoms 

rate 

3. Reflux rate 

4. stages (theoretical - 1005 efficiency) 

total stages and feed stage location 

5. Pressure in reflux - distillate separator, 

and nressure dron through condenser and 

per stage. 



6. Adiabatic operation except for condenser 

and reboiler 



CHAPTER II  

THEORY 

The Thiele-Geddes(9) method is distinguished by the 

fact that no assumption is required on the comnonent 

splits (distillate and bottom products). The assumptions 

required are the temperatures and total internal liquid 

and vapor flow rates on each stage. 

This method of calculation is based on the (v/b) nli 

or ( /b)nli (n refers to the stage and i refers to the 

comnonent) in the stripping section, and (v/d)nli or 

(l/d)ri i 
 in the rectifying section, both of which can 

be calculated by a component material balance between 

stage n and the respective bottoms or distillate depending 

upon whether the calculation is in the striPPing or 

rectifying section of the column. 

An overall material balance around the total tower 

and around the feed zone, combined with the ton and 

bottom component ratios can then be solved simultaneously 

to give the individual component product rates of di 

and b.. 
1 
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In the original hand calculation methods, the 

problem was converged by direct iteration. Holland 

and Lyster(8) improved the sneed of convergence by 

use of the theta-convergence procedure. This will be ex- 

plained later in the convergence section. Other conver- 

gence procedures were tried by J. S. Bonner(1) but 

this was not as fruitful as the Theta method. 

For initial temperature profiles one could estimate 

the stage temperatures using as a basis one of the 

many short-cut methods; but the most common approach is 

to use a linear distribution between an estimated top 

and bottoms temperature. One should be aware that the 

closer the initial profiles are to the final values, 

the fewer iterations are required for convergence. 



CHAPTER III  

CALCULAT I ONAL PROCEDURES  

This chapter is segmented into three main parts; 

the rectifying section, the stripping section, and the 

general feed zone match, each of which is discussed 

fully. The convention used in the development of this 

simulation program is to number the contact stages from 

the bottom of the column (reboiler) upward to the ton of 

the column. The condenser-reflux accumulator is considered 

separately, and may, or may not, be an eruilibrium stage 

depending upon the state of the distillate. 

Rectifving Section 

Subscript n refers to the stage and subscript 

refers to the component; subscript i is drooped for 

simplicity in the following development. 

The start of the calculation depends on the tyre 

of condenser, however, the case of the Partial condenser 

can be developed and then used for the general case. 

The derivation of these ecuations is found in the appendix, 

and are written for component i. For any condenser: 

(Stage N + 1) 

7 



(l/d)
N+1 

L
N+1 

 

(1) 
DL + Dv

K
N+1 

 

for the total condenser Dv 
=0 and, (1/d)N41 = L

N+1
= 

DL 
R, 

and for the reflux condenser, DL = 0.0 and, 

L  (lid) =  N4.1  
N+1 D

v
K
N+1 

After calculating (l/d) the calculation 
N+1 

proceeds to the top stage (N). 

(1/d)N = A
N

l/d)
N+1 

+ 1.0 

or 

(v/d)
N 

(1/d)N+1 + 1.0 

for stage n 1 

(1/d)
n-1 

= A
n-1 

(l/d)
n 
+ 1.0 

 

N>n,f 

or 

 

(v/d)n_i = (v/d) n  An 
 + 1.0, N - 1>n)'f 

A is the absorption factor and is defined as 

An = 
L
n 

K(T
n
)Vn  

(K is evaluated at temperature of stage n). This 

calculation continues to stage f + 1 which gives 



(1/d)f+1 or (17/d)1 (Refer to figure (1)1  page 11, where 

ly is shown to be the net vapor entering the rectifying 

section at the feed zone.) 

Stripping Section 

Starting with the reboiler stage (n = 1) one 

proneeds upward to the feed stage. 

The following equations apply for an equilibrium 

stage reboiler (kettle type or once through thermo 

syphon) provided the stages are numbered from the first 

ecuilibrium stage. All of these equations are written 

for component i. 

11 = b 

Then 

or 

(1/b)
1 

= 1.0 

(v/b)1 = (1/")1 S1  S1 

This calculation then proceeds to stage 2 where: 

(1/b)
2 

= (l/b)1 S1 + 1.0 

or 

(v/b)
2 
= S (v/b) 

2 
where b is bottoms. 

1.0 
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For stage n 

(l/b)
n 
= (1/b)S

n
_l + 1.0 f + 1 > n > 1 

(v/b)
n 
= S

n 
(v/b) + 1.0, 

n-1 
f > n> 1 

Sn is the stripping factor and is defined as 1-.0/A or 

L
n 

(K is evaluated at temperature of stage n). 

The calculation continues stage by stage until the feed 

stage is reached, yielding (v/b)f and (i/b)f41. (Refer 

to figure (1), where 1 is shown to be the net liquid entering 

the stripping section at the feed zone.) 

General Feed Zone Match 

For component i. 

(1/d) + 1 /F 
(b/d) =f+i f z 

(v/b) v /F 
f F z 

in equation (2) subscript f + 1 refers to the feed stage 

plus one. 

Equation (2) is applicable for a feed of any thermal 

condition. For a bubble point liquid or subcooled liquid 

feed 1F = Fz 
and v

F 
= 0.0; and for a feed that enters the 

K(T )(V ) 
n n  Sn  

(2) 



column at its dew point or as a superheated vapor.feed 

v
F 

= F
z 

and 1 = 0.0. 

11 

Figure (1) 



CHAPTER IV 

CONVERG7NCE 

The equations for the Thiele-Geddes method combine 

the restrictions of equilibrium and material balance. 

The calculated ratios (b/d). can be used in an overall 

component material balance to give the value of d.: 
1 

d. = 
Fz 
1 (1) 

 

1.0 (b/d)i 

 

bi = (b/d)idi (2) 

It should be noted that in order to minimize round- 

offerror/ b.is"tcalculatedframf.-di 
but 1 

rather from equation (2). 

The values of d. and bi obtained by equations (1) 

and (2) could be scaled so that the specified product 

rates (distillate and bottoms) are satisfied, and then 

usedtocalculatevalues. ofvcr. 11  on all stages. 
1 

In the rectifying section 

In i = (l/d) „ d. 
I no. 1 

v.n 1 . = (v/d)nli 1  

12 



Similarly, the values of vi and li can be determined 

on all stages in the stripping section: 

vn = (v/b) b. 
1 n 

= (1/h) .b in n11 i 

n refers to the stage and i refers to the component. 

The summation of the calculated values of compon-

ential flow rates in the rectifying and stripping section 

stages will not be consistent with the overall material 

balance until the problem is converged. 

To continue with the comnutational procedure, the 

component flow rate must be normalized on each stage and 

a new set of tray temperatures determined'by equilibrium 

calculations. In this program dew points are used on 

each stage in the rectifying section and Bubble Points are 

used on each stage in the stripping section (see Appendix 

for Dew Point and Bubble Point calculation procedure). 

The dual procedure is used because the net mass transfer 

in the rectifying section is by vapor transport, and by 

liquid transport in the stripping section; and because 

the equilibrium calculations used converge more rapidly 

13 



than if just dew point or bubble point•procedures are 

used. 

Vapor compositions for the dew point calculation 

in the rectifying section are obtained by: 

V . 
Y. 1 

L. 1 

Liquid compositions for the bubble point calculation in 

stripping section are obtained by: 

To increase the rate of convergence one should 

correct the value of d.'s calculated from the feed 
1 

stage match to give a correct set that satisfies both 

the overall material balance for each comoonent and the 

specified value of D, the total distillate rate. Thus, 

it is recuired that the corrected set of di's satisfy 

the following: 

Fz. = (d)co + (b.) 
1 co 

and 

D =>  (d.) 
1 co 



1 5 

Throughout this report the subscript "co" will be used 

to define the corrected value of the variable and "ca" 

define the calculated value of the variable. 



CHAPTER V 

0 METHOD OF CONV7RC,ENCE 

In direct iteration (v./d ) and (1 /b.) are used 
1 i i 

with (di) ca 
 and (bi)r.a  to obtain tray compositions. 

Even though, 

'7-(v.1/di )(di (di)ca  = V 

z(1./b.)(b ) L 
1 1 i ca 

these quantities are used to give the next set of stage 

temperatures via bubble point and dew point equilibrium 

calculations. 

(b/d) 
ca 

is not correct because 

f. 1 Z(d.) =>  1 ca  1.0 + (b./d.) 
ca 

where f. = Fz. 1° 
If (b/d)

cc 
 is obtainable, then 

and 

(d ) 
1  co 

f. 
1  = D 

1.0 + (b./d ) 
1  i co 

(b /d)
co 

= 0(b./d ) 1 i ca 
with 0 as the factor which is used to correct (bi/di) cal 

16 
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f 
i 2(d ) 

i co  1.0 + 0(b/d)ca 
The value of 8 changes for each trial and is found by 

Newton's method(8) (when the value of 0 is 1.0'1 toler-

ance of .0001, for two consecutive trials the tower 

computational procedure is complete). After 0 is found 

(d
i
)
co 

f 
1 

1.0 + G(b./d ) 
1 i ca 

(b.) = 0(b /d ) (d.) 
'Co i ica 1CO 

Then, for stage n 

(v /d.)(d.) i 1 1C0 
(vi/di)(di)

co  

(11/b1) (b1) 0  

1 (1-/b )(b.) 1 i 'Co 
where "i" refers to the component. Using these adjusted 

compositions a new set of stage temperatures can be 

obtained by using the appropriate equilibriun. calculation. 

17 



CHAPTER VI  

CALCULATION OF  

The value of 0 is defined implicitly by the 

following equation: 
f 

(d ) =  
i co 1.0 + 0(b./d ) 

1 i Ca 

Sincethesumofd.1  
corrected equals the specified dis- 

tillate DI  the following function, g(0), may be written: 

18 

(1) 

g(0) =57 
f. 1 

1,0 + 9(b /d.) 
i ca 

- D 
(2) 

This positive root of equation (2) may be found using 

.Newton's method. 

Newton's method is the expansion of a function in 

terms of a two term Taylor's Series and requires the first 

derivative of equation (2), with respect to 9: 

(b./d.) f ]. 
1 ca dg(0)/d0 = 1 

 1.0 +  0 (b(d.) -2 
1 1 ca 

To find the desired value of 0 that is 0n one must 

apply Newton's method several times, provided that the 



first assumed value of 0 satisfies the inequality 

0.0<0<Or. 

g(0) = g(00) + 
-dg(0

o
) 

  

 

(0 - 0) = 0 . 0 0 

 

de 

 

     

The necessity of this requirement can be seen from the 

following sketch of g(0) versus 0. When 0 = 0.0, then 

g(0) = f - D = B, and when 0 =c then g(0) = the 

Value of the derivative dg/d0 at 0 = 0.0 is finite and 

not equal to zero, whereas 0 =yields a derivative of 

0.0 and aA0 that is undefined. 

19 



0 = 0.0 is •a value which satisfies the inequality, and 

can be used as the first assumed value of e. After Or  

is found it must be substituted into equation (1) to 

calculate (d.a.  ) . Finally, the adjusted vapor com-

position required for the dew point equilibrium cal-

culation in the rectifying section can be obtained from 

equation (3). 

(v./d )(d ) 
1 i i co  

> -(v./d.)(d.) 
1 i i co 

(1/b )(b . .) 
i co 

)(b ) . i i co 

and the adjusted liquid composition required for the 

bubble point equilibrium calculation in th.t stripping 

section can be obtained from equation (1+). 

Yi = 



CHAPTER VII 

ENTHALPY BALANCES - CMTVENTI2NAL  

To determine the total flow rates one must use 

the approximate form of the first law of thermody-

namics. Two different ways are developed for the 

calculation of the total enthalpy of a stream, the 

conventional method and the constant composition 

method(2, 3,  11). In this project report the constant 

composition method is used, but the conventional method 

will be briefly discussed so one can see the distinct 

advantage of the constant composition method. 

Using the conventional method one generally assumes 

that each stage of conventional column operates adiabat-

ically except for the condenser and the reboiler. For 

stage n vapor and liquid enthalpies are computed by the 

following relations which assume no heat of mixing: 

Hn  = Hi(T 
n
) y . 

n51 

hn = hi(Tn) n5i 

"Hi" and "h1  ." are the enthalpies of the pure comnonent 

i in the vapor and liquid streams leaving stage n5  and 

are evaluated using the temperature of stage n from 

21 



either polynominals or tabular interpolation. 

Rectifyinc,  Section 

In the condenser (stage N+1)1  since D and LN.4.1 

are fixed 1  the value of VN is also fixed by material 

balance. 

V = 
N N+1 +D 

Both a heat balance (Q
c 
is the condenser duty) and a 

material balance can be written between rectifying 

stages n and n 1 encompassing the stages above n and 

the condenser-reflux distillate separator, as described 

by equations (1) and (2). 

VnHn = L +1 hn+1 + DvHv + DLhL + Qc 
(1) 

V = L + D n n+1 

Figure 1 

22 
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By eliminating Vn  using the material balance relationship, 

equation (2), and letting MD = HD + Q  ID one obtains L n+1 
from equation (3) and the passing vapor Vn 

 from equation (2). 

M H 
L 1 = D fl D f + lejnO - 1 (3) 

Hn -h n+1 _ 
Stripping Section 

Between stages n and n 1 in the stripping sections 

both an enthalpy and a material balance can be written 

encompassing the stages below stage n and the equilibrium 

stage reboiler (stage 1) having a heat input of 0a. The 

resulting equations are presented as equations (4) and (5). 

VH
n-1 

+ Bh =0 +Lh 
n-1 B n 

V n-1 B = Ln  

Eliminate Ln using equation 

MB = hB - /B one obtains 
h -M 

V n  B B 
n-1 

 

(5) 

(4)  

(5)  

and letting 

(6)  
H
n-1 

- h
n 

One can see that the denominators of equations (1) 



and (2) are extremely sensitive to small changes in 

comnosition and temperatures, because "Hn-1"  and "hn" 

can under the condition of very light and very heavy 

components be approximately eoual. The constant 

composition method virtually eliminates this difficulty, 

since for a particular iteration the compositions that 

give Hn-1 and hn are not in material balance and changes 

from iteration to iteration result in large changes in 

the calculated values of L or V. 

To complete the conventional enthalpy balance 

method one must define Qc  and Qa, the condenser and 

reboiler heat loads. The condenser load is obtained via 

a material and energy balance about the condenser-

distillate drum; and the reboiler load is obtained by 

an overall column energy balance. 

24 



CHAPTER VIII  

ENTHALPY BALANCE CALCULATIONAL PROCEDURE 

Presented in this chapter is the computational 

procedure used in the simulation problem to modify 

the internal liquid and vapor flow rates and is 

termed the constant-composition method. 

The constant-composition method was developed 

because the results are more stable, particularly 

for systems of very light and very heavy components. 

Referring to equations (3) and (6) and to Chapter VII' 

(page 23), the value of "TT" is not much different 

from 1th “ -n which occurs in the denominator. Also, for 

some non-converged trials this difference can even be 

negative. The constant-composition method is recom-

mended for all calculations since it works as well or 

better than the conventional method. 

Definitions of stream enthalpies: 

n n n nll 
h= h (T )x n n n nll 

It n” refers to the stage and "i" refers to the component. 

25 
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Condenser Duty (Qc) 

vA, 

D 

LN+I .1---> 0L, 

Figure 1 

From an energy balance around the condenser-distillate 

accumulator: 

V
N
H
N 
= L

N+1
h
N+1 

Solving for Qc  

D H+D h + Q VvLLc 

Qc = VNHN LN+1hN+1 DV
HV - D 

and letting DHD = DvHv + Dipl
, 
 then: 

Qc  = VNHN -  N+1hN+1 - PHD 

(Reboiler Duty)  

"Piavira 

(1)  

(2)  



v„, 

27 

From an overall energy balance around the entire 

column. 

FvHv + FLhL  + QR  = Q
c 
 + BhB + DHD 

Solving for QR  

Q
R 
 = Q

c 
 + BhB + DHD  Fvliv FLHL 

Eliminating Qc  using equation (2) we obtain: 

QR  = VNHN LN+111N+1 BhB FITBv FLhL (3) 

Rectifying Section 

- 4 \  *1 /n.  

Figure 3 

To determine the new internal flow rates in the 

rectifying section one writes an energy balance below 

stage "n + 1" including the condenser-distillate 
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accumulator. 

VnHn = Ln7fr-1 hn+1 
+ DH + Q (4) 

Below any rectifying stage n + 1 a material balance 

(including condenser) gives: 

V = D + L 
n ' n+1 

By definition 

VH =H v n n not 
Combining the definition of V

n
H
n 
with v. = d + i one 

obtains: 

V
n
H
n 
 = DH(xD)

n 
 + Ln+1H(xn.1  ) (5) 1

n 
  

Eliminating V
n 
in equation (4) by applying equation (5) one 

L =  Qc D[HD 11(xD)n1 (6) 
n+1 H(x -h 

n+1n n+1 

Eliminating Q by using equation (2) one obtains for the 

liquid: 

n+1 H(xn+1)n -h n+1 

(7) 

and the passing vapor V
n
: 

Vn =L + D 
n4-1 

obtains: 

L 
V
N
H
N 
-L

N+1
hN+1 - DII(XD

)
n 



Definitions: 

  

29 

V
N
H
N =1 

H 
N 

V
et 

 

 

L H = Dix, ,h.(TN+1). 
 

N+1 N+1 

DH (xD) 
n 
 = 11Z xp  1H1 (T D 

H(x ) =Zx H (T ) 
n+1 n n+l li i n 

hn+1 I x h. (T ) 
n+i I  a_ n+1 

LN+1 

This calculation starts at stage n 1 and continues 

stage by stage until stage f is reached. This gives 

Lf+2 and Vf+
1 as the final terms. 

• 

Figure 4 



Stripping_ Section 

Writing an energy balance above stage "n-1" 

including the reboiler and bottoms product, one 

obtains: 

Vn-1Hn-1 
+ EN. =Q + Lnh R n n 

Below any stripping stage "n" a material Dalance, 

(including the bottoms) gives: 

Ln = Vn-1 + B 

By definition: 

L
n
h
n = h .1 n n'i 

Combining the definition of L'nhn 
 with L

n 
= V

n-1 
+ B 

one obtains: 

.,)n Lrin = Vn_
111(yn_i) + Bh(xnh, n 

 

Eliminating Ln  in equation (8) by applying equation 

h(x ) - h 
B n B_ 

H
n-1 

- h(y ) 
n-1 n 

Eliminate Q
R 

by using equation (3) 

VH-L FLhL Bh(xB)n V N N N+1 N+1 v  
n-1 H - h(y ) 

n-1 n-1 n 

30 

one obtains: 
Q
R 
+ B 

Vn-1 

(8)  

(9)  

(9) 

(10)  



and the passing liquid, 

L
n 
= V

n-1 
+B 

Definitions: 

V 
N 
 HN and 

LN+1hN+1 
are the same as for the rectifying 

section. 

F 
v 
 H = - . 

.L11H
(T )1 Fv at feed temperature 

FLHL = x."F lihi(Tf) 

Bh(xB)
n 
 = [ExBihi(Tn

) i B 

H
n-1 = Y2 Y 

H (T 
- n-1,1 i n-1 

n-1 1 n, h(y ) = Ty .h (T ) 
n-1 n 

This calculation starts at stage two, because L1 =.13 

the Bottoms product and continues stage by stage until 

stage f is reached. This yeilds L
f 

and V1-1 as the 

final terms. 

This method is called the "Constant Composition" 

because in equation (7) the term H(xn.41)
n 
 - h

n+
1 and 

equation (10) the term, - h(yn_i)n  represents the 

difference between the enthalpy of one mole of vapor 

at one temperature and one mole of liquid at another 
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at feed temperature 



temperature both molal enthalpy terms being evaluated 

using the same comnosition with the temperature being 

those of adjacent stages and hence not radically 

different. The advantage of this method is that var-

iations in the enthalpy difference due to compositional 

fluctuations during the iterative process of solving 

the stagewise problem are eliminated, thus increasing 

the stability of the convergence procedure. The 

enthalpy difference in the denominator of equations (7) 

and (10) could be interpreted as a thermodynamic process 

which occurs at constant composition. 

In addition, one can say that the improved conver-

gence tendency of the constant-comnosition method over 

the conventional method is because the denominator of 

equations (7) and (10) is of order of magnitude of a 

latent heat of vaporization, but in the conventional 

method the denominator takes on a wide range of values 

including under certain conditions positive and negative 

numbers. 

Feed Zone  

For the feed zone we must still determine V (net 
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vapor from stripping section) and Lf+1 (net liquid from 

rectifying section). The procedure for determining these 

streams is outlined below. 

Figure 5 

Writing a material balance energy balance below stage 

f + 1 including the reboiler-bottoms one obtains: 

V
f

H
f 

+ BhB = QR + Lf+1hf+1 + FLhL 

Lf+1 +F=V+ B 
L f 

Defining the enthalpy of stream Lf+1 in terms of the 

basic stream enthalpy definition coupled with the above 

material balance yields: 

Lf+
1hf+1 = Vfh(yf)f

+
1 + Bh(xB)f4:1 - F0(xF)f4.1 (12) 
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Eliminating Lf+1 in equation (11) by using equation (12) 

BPxB)f+1 hid+  Fli_1:11, 
- h(yf)f+1 

Eliminating QR  by using equation (3) we obtain: 

V
N
H
N 
- 

LN+1hN4-1 
- F

v
H
v 
+ Bh(x

B
)
f+1 

- F 

f  Hf h(y1)11 

Definitions: 

VNHN - N+1hN+1 and F T V are as before, andBh(xB)f+1 

is the enthalny of the bottoms product evaluated as 

31+ 

one obtains: 
Q
R V

f 
= 

- h(xv) 
f+1_ 

 

h(xF)
f+

,
1_ 

 
(13) 

 

   

a liquid at the temperature 

FLh(x__) f+1 Ehi(Tf
+
1)xF 

of stage f + 1. 

F 

  

H
f 11 

.H,(T ) 

Figure 6 



For the stream 
Lf4.1 

one writes a material balance and an 

energy balance above stage f including condenser distillate 

d rum. 

V H + F H, =L h + DH +() 
f VV f+ f+1 D -c 

V
f 
+ F

v 
=L +D 

f+1 

Defining V
f
H
f 

via the material balance approach previously 

used we obtain: 

V H =L H(x ) + DH(x
D
)
f 
- F

V
H(y

f
)
f 

(15) 
f f f+1 f+1 f 

Eliminating Vf from equation (14) using equation (15) one 

obtains: 
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+ D 
L
f+1 

=  
ii(x

1+1)f 
- h

f+1 

   

H - H(x ) 
D D f- 

+ F H(y) - 
f f 

 

- Eliminating Q_.  via equation (1) one obtains: 

VH-L h DH(x ) +FH(y ) -FH 
_ NN N+1 N+1 V ff V 

4- 
V(16) 

T+1 H(x
1'41
)
f 
+ h

f+1 

Definitions: 

VNHN, L h and F H are as before 
N+1 N+1 V V 

DH( x,) = X 11.-(T ) D 
f Di]- f 

F H(y ) = y H.(T ) 
V f f _ f,11 

hf
+
1 = 

f+1,? 1  I 

F 



H(x
f+1)f = 21-xf+11iHi(7f) 

Stabilization of Internal Flow Man 

To avoid oscillations of the vapor rates and liquid 

flow rates the following limits are used: 

Trial Maximum internal vapor and liquid  
flow rate change 

- 7 20% 

8 - 12 10% 

13 - 17 5% 

18+ 2% 

The temperature profile is not stable during arprox- 

imately the first four trials. o energy balance is made 

during these trials and hence the vapor and liquid rates 

are not altered. 
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CHAPTER IX 

TOLERANCES  

The temperature profile is not stable during approx-

imately the first four trials. The tolerance on mole 

fraction for dew points, bubble points is chosen arbitr-

ily to be equal to 10
(-TRIAL). After the fourth trial the 

tolerance on dew point and bubble point calculations is 

set equal to 10-6 and if the distillate tolerance (absolute 

or relative error may be used) has not been read in, it 

will be set equal to 10-4 times the distillate rate. 

Ily/K = 1.0+  Tolerance (1) 

2-  KX = 1.0+  Tolerance (2) 

Id = D specifiedl- Tolerance (3) 

In some cases during the dew point, bubble point, and 

distillate calculation, it is possible to oscillate without 

convergence to the final value as described in equations 

(1), (2), and (3). When this happens the tight tolerance 

must be relaxed. To do this trial counters have been used, 

being initialized to zero for each separate calculation. If 

the fifteenth iteration is reached without convergence, the 



tolerance is multiplied by 10, and the counter is reset 

to zero. The reduction in tolerance continues until the 

criteria of the specific calculation is satisfied. 

The tolerance of dew point, bubble point, and dis-

tillate as described in equations (1), (2), and (3) are 

reset to their initial value and the counters are set 

equal zero each time these appropriate computational 

routines are invoked. 
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CHAPTER X  

THER=YNAMIC DATA 

Polynomials of the fourth order are used as a 

maximum for the K-values (liquid-vapor equilibrium 

data) and liquid and vapor enthalpies. One could 

supply the coefficients of these polynomials, or, 

by supplying 2 to 10 points (temperatures and their 

corresponding K-values, liquid and vapor enthalpies) 

the polynomials coefficients will be generated. The 

units of liquid and vapor enthalpies must be in 1000 BTU/ 

mole and temperatures in degree Fahreheit. 

By supplying 3 point data polynomials of order two 

will be generated. Four points will give polynomials 

of order 3, five to ten points yield polynomials of order 

four. 

For K-values one has the obation to use up to 100 

points. The minimum number of vapor liquid equilibrium 

data points required is three, and for liquid and vapor 

enthalpies two. The form of the e-uations used is: 
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K values: K = a + t + a2t2 + t3 o a 1 P -3 a4t
4 

2  Liquid Enthalpies; h = b0 + bl t + b + b3t3 bt4 

vapor enthalpies: H =Co C2t2 
 

+ C3 t3 c4t4 
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CH&PTER XI 

INPUT-017P" 

The first three cards define the problem parameters, 

and are summarized below. 

Card 1 All data on this card must he punched 

within the specified space right justified (315). 

A. Column 1 - 5: Number of contact stages, 

including the equilibrium 

stage reboiler and excluding 

the condenser-reflux/distillate 

separator 

B. Columns 6 - 10: Number of coi'nonents 

C. Columns 11-15: Feed stage location (stages 

numbered from bottom of col-

umn upward). 

Card 2 All data to be punched with a decimal point 

(51'10.5). 

A. Columns 1 10: Temperature profile condition code: 

a. "0.0" Temperature profile is 

not provided. Maximum and min-

imum temperature must be supplied 

in OF. 



b. "4-1.0" Estimated temperature 

profile must be supplied in 0F. 

B. Columns 11-20:Thermodynamic data code: 

a. "0.0" Must supply thermo-

dynamic data for curve fitting 

by program. 

b. "1.0" Coefficients of all 

polynomials are provided. 

C. Columns 21-30:Distillate condition code: 

a. "-1.0" All vapor distillate 

b. "0.0" Flashed distillate 

option not available -

default is all vapor dis-

tillate 

c. "1.0" All liquid distillate 

D. Columns 31-40:Feed condition code: 

a. "-1.n" All vapor feed 

b. "0.0" Flashed feed 

c. "1.0" All liquid feed 

E. Columns 41-50:Vapor-Liquid profile code: 

a. "0.0" Estimated vapor and 

liquid profile need not be 

provided. 

1+2 



Card 1. All 

b. "1.0" Vapor and liquid pro-

file is to be provided. 

data to be punched with a decimal 

(4F10.5, E15.8). point 

A. Columns 1-10: Vapor damping code: 

a. "0.0" Vapor and liquid flow 

rate will be damped. 

b. "+1.0" Vapor and liquid flow 

rates will not be damped. 

B. Columns 11-20: Temperature damping code: 

T - New = T - old + (T-New-T-old) 
T Damping Code 

If temperature damping code is 

set equal to zero, 1.0 will be 

used. 

C. Columns 21-30: Output print code: 

a.. "0.0" Will not print inter-

mediate trial profiles 

b. "1.0" Will print intermediate 

trial vapor and liquid flow 

maps and temperature profiles. 

D. Columns 31-40: Maximum number of trials: 

If maximum number of trials is set 
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J Ii 

greater than 200, two hun-

dred will be used. If max-

imum number of trials is set 

equal to zero, fifty trials 

will be used. 

E. Columns 41-55: Distillate Tolerance: 
_L 

If it is not provided 10 '* 

Distillate Rate will be used. 

Absolute error = D - Dcal spec 

Relative error = Dspec - Dcal 

D 
spec 

where: 

Dcal = calculated distil- 

late rate 

= specified distil- Dspec 

late rate 

By dividing the right side 

of equation (1) by Dspec 

the absolute error is changed 



to relative error as defined 

by ecuation (2). 

The distillate tolerance 

used in the program is an 

absolute error; if it is 

desired to use relative error 

multiply the desired tolerance 

by the distillate rate, and 

input this value within 

columns 41-55. 

The following sequence of cards is dependent on 

the number of stages and the number of components. 

Temperature profile card(s) 

A. If estimated temperature profile is not provided 

the card must contain the maximum and minimum 

temperature. 

Columns 1 - 10: Maximum "T" and columns 11 - 

20 Minimum "T" (2F10.5) 

B. If the estimated temperature profile is provided, 



the next series of cards will contain the temp-

erature profile; eight values per card (8F10.5). 

N + 1 values must be provided (N is number of 

stages). If N + 1 is greater than 8 additional 

cards are to be used. 

Pressure profile card  

If pressure corrected vapor-liquid equilibrium data 

is desired (Kp = KPref 
Pref/P) the next card must 

supply reference pressure, accumulator pressure, 

tower's delta P and condenser delta P. (4ric.5). 

If reference pressure is set equal to zero, pressure 

correction will be ignored; but a data card must be 

supplied. 

a. Columns 1-10: Reference Pressure 

b. Columns 11-20: Distillate drum pressure 

c. Columns 21-30: Pressure drop across the column 

d. Columns 31-40: Pressure drop across the con- 

denser 

Units of pressure must be consistent. 



Polynominals for Thermodynamic Data  

A. If coefficients are not to be provided then the 

following is to be ignored. 

B . If coefficients of nolynominal for evaluation of 

equilibrium or K-data, and vapor-licuid enthalpies 

are provided the next cards must be used for these 

coefficients (5E15.8). 

These polynominals are of the form: 

(1) Equilibrium constants: 

K = AO 
+ A1

T + A2T 2 + A
3

T3 
4 

+ A4T 
 

A. Columns 1-15: A0 

B. Columns 16-30: A
1
• 

C. Columns 31-45: A
2 

D. Columns 46-60: A
3 

E. Columns 61-75: A4 

(2) Liquid Enthalpies: 

h = h
0 

+ h1 
+ h

2
T 2 + h

3
T3 + h

4
T4 

A. Columns 1-15 h0 

B. Columns 16-30: h1 
C. Columns 31-45: h2 

)+7 
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D. Columns 46-60: h
3 

E. Columns 61-75: h4 

(3) Vapor Enthalpies: 

H = HO + H1T + H2 + H
3
T3 H

4
T4 

A. Columns 1-15: H0 

B. Columns 16-30: H1 

C. Columns 31-45: H
2 

D. Columns 46-60: H3 

E. Columns 61-75: H 

If fourth order equation is not necessary for 

enthalpy data, one could out 0.0 in columns 61-75. 

Card Secuence  

The first card A0, A1, A
2, 

A3, and A4 for first 

component (vapor liquid equilibrium data). Second 

card A0, A1,  A2,  A3, and A4 
for second component, etc.. 

After vapor liquid equilibrium data is finished 

liquid enthalpy data is read in as: 

First card h0, h1, h2/ h3, and h4 for first com-

ponent, second card h0, h1, h2, h3, and h4 for second 

component, etc.. After liquid enthalpy data is read 



in, vapor enthalpy is read using the same format as 

the liquid enthalpy (H0, H1, H2, H3, and H1+). 

Thermodynamic Data 

A. If coefficient of polynomials are provided 

then the following is to be ignored. 

B. If coefficient of polynomials are not 

provided, the next card must give the 

number of thermodynamic data points, 

maximum of 10 points for each set of 

thermodynamic data. (Except for K-data, 

where 100 points are maximum). All data 

on this card must be ounched within the 

specified space right justified (315). 

a. Columns 1-5: Number of K data 

b. Columns 6-10: Number of liquid 

enthalpy 

c. Columns 11-15: Number of vaoor 

enthalpy 

Next cards (8 values per card, 8F10.5) 

a. Columns 1-10: Temperature 0F. 

1+9 



b. Columns 11-20: K-data corresponding 

to temperature in 

columns 1-10. 

c. Columns 21-30: Temperature 0F. 

d. Columns 31-401 K-data corresponding 

to temperature in 

columns 21-30. 

If more than 4 points are given, additional 

cards are to be used with 4 points per card. 

After K-data for component one is finished, 

start a new card for the next comoonent's K-data. 

When K-data for all components is provided, 

liquid enthalpy data will be inpUted (8F10,5). 
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a. Columns 1-10: Temperature, 0F. 

b. Columns 11-20: Liquid enthalpy 

(M-BTU/mole) cor-

responding to temp-

erature in columns 

1-10. 

c. Columns 21-30: Temperature, 



d. Columns 31-40: Liquid enthalpy 

(M-BTU/mole) cor-

responding to 

temperature in 

columns 21-30. 

If more than + points are given, additional 

cards are to be used, 4 points per card. 

After liquid enthalpy for component one is 

finished, start with new card for next component 

liquid enthalpy. When the liquid enthalpy for all 

components is finished, the vapor enthalpy will be 

read using the same format as the liquid enthalpy. 

Design Parameters  

The design parameter card must be provided for 

all problems and will contain external reflux rate, 

distillate rate, and feed temperature (3F10.5). 

a. Columns 1-10: External Reflux rate 

(moles/hr) 

b. Columns 11-20: Distillate rate 

(moles/hr). 
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c. Columns 21-30: Feed Temperature (°F). 

If no temperature is 

specified, dew point 

temperature for vapor 

feed and bubble point 

temperature for liquid 

feed will be used and 

in case of partially 

flashed feed T=(ITEW+TBUBBLE)  
2.0 

Feed Definition 

The feed definition card must be provided for all 

problems and will contain the feed component (moles/hr). 

a. Columns 1-10: Component #1 

b. Columns 11-20: Component #2 

etc.. 

If more than 8 components are in the system, add-

itional cards are to be used, 8 comnonents per card. 

Internal Vapor - Liquid Flow Man 

A. If no flow rates are to be provided, then 



this option is to be ignored. 

B. If flow rates are to be provided, the next 

set of cards must provide liquid profiles 

(numbering is from bottom of column to the 

top of the column, first stage is an equil-

ibrium stage reboiler, last stage (N + 1) 

is the condenser-distillate drum, and are 

sequenced as follows: 

Columns 1-10: 

Columns 11-20: 

Columns 21-30: 

etc.. 

8 values per card. If more than 8 values, 

additional cards are to be used. The 

associated vapor profile is computed by 

material balance. Next set of data must be 

supplied as in the first case. 
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Liquid Rate 

for stage 1 

Liquid Rate 

for stage 2 

Liquid Rate 

for stage 3 

(moles/hr) 

(moles/hr) 

(moles/hr) 



The source listing of the fortran coding is 

included in Appendix EI  with the program variables 

included in Appendix F. 
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CHAPTER XII 

ILLUSTRATIVE EXA:TLES 

To demonstrate the capabilities of the Distillation 

Program three examples are included although other 

problems were tested. The first two examples are both for 

the same problem and consists of the following: 

Problem Specifics: 

Number of Stages 11 

Number of Components 5 

Feed Stage 6 

Distillate-All Vapor 45.0 Mols 
Feed-All Vapor 

Components #1 5.0 

Components #2 15.0 

Components #3 25.0 

Components #4 20.0 

Components #5 '154 
100.0 Mols 

No damping on Temperature Map. 

Pressure-constant pressure operation. 
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Example #1 exhibited oscillation convergence behavior. 

In example #2 the utilization of a temperature damping factor 

of 2.0 provided sufficient stability so that convergence 

was obtained in 43 iterations. 

The third example is for a depropanizer operating at 

approximately 80 PSIA, and consists of the following: 

Problem Specifics: 

Number of Stages 16 

Number of Components 

Feed Stage 8 

Distillate-All Liquid 192.9 Mols 

Feed-Partally Vaporized 

(T=189.11) 

Components #1 

Components #2 

Components #3 

Components #4 

NO damping on Temperature Map. 

60.0 

170.0 

320.0 

450.0  
1000.0 Mols 



Pressure'(PSIA):.  

Accumulator P 77.5 
Condenser Delta P 5.0 

Tower Delta P 5.0 
Reference P for supplied 80.0 

K-Data 

The input and associated output are included in 

Appendix G. 
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APPENDIX A - 

FLASH CALCULATION 

The general assumption used is flash calculation 

are: 

1. All components are volatile. 

2. Flash temperature is between bubble point 

and dew point. 

3. The K's are not adjusted for composition 

during an iteration, but are corrected for the 

feed stage pressure. 

Method of Holland (5)  

Material Balance for i component coupled with the 

definition of K = y/x 

FZF = Vy + Lx 

= Vy + Ly/K 

substituting V = F - L and solving for y: 

FZ
F Y =  

F - L + L/K 

OR, 

y= F 

 

1.0 - L/F(1.0 - 1.0/K) 

58 



The sum of all components must give y = 1.0 

zFo_ 1.0 = 
- L/F(1.0 - 1.0/K) 

Define L/F as 4-1  Function f(41 ) is: 

 - 1.0 f( ) = 
1.0 (1.0 - 1.0/K1) 

The desired solution is where yl>0. and f(y) = 0.0 

Using Newton's Method. The first derivitive of f(4) 

is: 

f / (4') )  
zFl1(1.0 - 1.0/K1) 

= 
 [1 .0 - (1 .0 - 1 .0/K112 

and 

j + 1 = f( l'j)/f
/
( j) 

The general form of this equation is: 
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c ) 

The shape of the curve suggests that a value of 

Lv= 1.0 should be used for the initial trial. The 

derivative function can then be used to determine W2' 

The procedure continues untion f(W) = 0.0 within a 

specified tolerance of 10-6. 
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APPENDIX B 

CALCULATIONAL PROCEDURES FOR EUEBLZ POINT TEMPERATURE 

The general assumptions used in bubble point 

calculations are: 

1. Composition of liquid is specified 

2. Total pressure is specified by applying the 

definition of the vapor liquid equilibrium 

constanty = K.X.; since  the sura is  
I a. Y1 

unity then 

1.0 = K.X. 
11 

The problem is to find a temperature for which 

equation (1) is satisfied. Let us restate equation 

(1) in the following functional form: 

f(T) = KKiXi - 1.0 

The desired solution is when f(T) = C.O. Since each 

of the K.1's increase with temperature, f(T) has only 

one positive root. Using Newton's method(6) to 

determine the desired root the first derivative of 

f(T) is required. 
(dK.) 

f (T) = Xi 1  
dT 
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If K =A +AT+ AT2 + A
3
T3 + 

i o 1 2  
4 where A0, 

62 

Al, A2, A3, and A4 are constants, then 

dK/dT = Al + 2A2T + 3A3T2 + 4A4T3. If T  (j is the trial 

number) is the assumed temperature, then T4.1 is given 

by 

(T-) 
J 0 

The procedure continues until f(T) = 0.0 within a 

specified tolerance (10-6). 

Very frequently it is possible to reduce the 

complexity of a calculation procedure by an alternative 

calculation. This is particularly true.where the 

calculation can be made on an average component rather 

than individual components. 

In the example of the bubble point equilibrium 

temperature calculation an average function can be 

used to give the K*  of a pseudo component and this 

solved for temperature at K*  = 1.0. The pseudo 

component constants are determined from the function 

constants for the individual component K data and the 

component mole fractions. This method requires "K" 



functions that are explicit for K, in temperature. 

In the bubble point calculation one could apply 

the "pseudo method", and K*  could be found as follows: 

K1 = (A0)1 + (A1)1T + (A2)1T2 + (A3)1T3 + (A4)1T4 

K2 = (A0)2 + (A1)2T + (A2)2T2 + (A3)2T3 + (A4)2T4 

Etc. 

By multiplying both sides of the above equations by 

their corresponding component mole fraction (Xi) one 

gets: 

X1K1 
01 + 

+ (X1A2)1T2 + (X1A3)1T3 + (X1A4)1 T4 

X2K2 )2 + (X2A1  )2T + (X2A2T2  + (X2A3)2T3 + (X2A4)2T 4 

Etc. 

By summing the above equations one gets: 

/: (XIC)i = 37(XA0)i + T ZOCAl + T2 21(XA2)i.  + T3 Z_Cf;IA3)i + TI- E(XA4)i 

Let K*  =):(XK)i and factor out T one gets: 

K*  = E(XA0)i + T + T [27(XA2)i + T( (XA3)i + '11 .-(XA1+)i (4) 

   

And 

dK*/dt =)__(XA1)i + T 21_(XA2)i + T (3 (XA3)i + 4T1(XA4)if (5) 

Using equation (4) and solving for temperature at K*  = 1.0, 



f(Tj) = - 1.0 

/* 
f =(T.) K Ti 

Tj+1 = Ti - f(T.)/1/(Ti) 
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APPENDIX C  

CALCULATIONAL PROCEDURES FOR DE'J POINT  

Dew point calculations are: 

1. Compositions of vapor is specified. 

2. Total pressure is specified. 

SinceX=y./KandsumofX.is unity then: 
i 1 1 1 

1.0 = Tyi/Ki (1) 

Restating equation (1) to functional notation 

f(T) =Tyi/Ki - 1.0 

Using Newton's method(7), the first derivative of f(T) is: 

fr(T) 
(yi4(21

. 
 

)(dKi/dT) 

Dew point temperature may be found the same way as 

shown previously for bubble point temperatures. In 

the dew point calculation the pseudo method as used in 

the bubble point calculation cannot be used. 

T.= T. - f(T.)/f'(T.) 0+1 0 
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APPENDIX D  

MATERIAL BALANCE =ATIONS  

Nomenclature: 

x ) 
) Mole fractions of component 
) 

v ) 
) Moles of component i 

1 ) 

V ) 
) Moles of Vapor and Liquid 

L ) 

For assumed distillate rate (total) one must assume 

the distribution of the components (moles/hr). 

Knowing the individual flow rates on overall material 

balance yields the bottoms 

F =D + B 

f = d +b 

v/d and l/b ratios: 

For each stage (using n for the stage number and i 

for components): 

K
nli 

=y .x 
n71 n71 

y
nl
i =K  nliXnli 
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(V L )y n n n11 L K .x n n n11 n 1- 

of 

(1) 

=v ./V or v=Vy 
nli fl ,1 n ni n n 1

. 

X ,. or 1 i =LX  no. nli
/Ln nl  

substituting for V y and L x in equation (1) 
n n,i fl fl,] 

Lv
nli = V K .1 n 

. n no_ n71 

Dividing by Ln: 

v
nli 

=(K .V /L 
n,1 n nli 

Let S . = K 
o.  .V /Ln  (Stripping factor): n11 n n  

v.=S n 1  nini 

Dividing by d.: 

(v/d) = S (l/d) . nli nli n 1 

Solving equation (2) for In  .: n 1 5 

n n nll n 

Let 

A =L/K .V 
n,1 n n11  n (Absorption Factor) 

(2)  

(3)  



68 

(5)  

(6)  

1nli n,i 
= vA

nli 

dividing by di: 

(l/d)nli = (V/d) .An i /111 

as one can see Sn  = 1.0/A
n i 

applying it 

to equation (4) and (6) respectively one gets: 

(vid) 1.0/A
n 
 i

,
(1/d) n nli  

and 

(l/d) . = (v/d) 1.0/S . 
no. nli n 

The subscript "i" is usually dropped for simplicity. 

Figure 1 



Condenser: 

1. Total condenser D
v 
= 0.0 

2. Partial condenser (not included in simulation 

program) 

3. Reflux condenser DL = 0.0 

In general, 

1N+1 1N 
L, X (9) i-1 N+1 

(10)  

(11)  

Rectifying Section General Material Balance: 

A balance around any stage, n, and the top of the 

tower gives: 

n 
= 1

n+1 

69 

and 

d = DLXdL + Dvydv 
= DLx

N+1 
+

v
X
N+1 N+1 

dividing equation (9) by (10) and eliminating x1,1+1 

(l/d) N+1 = L
N+1

AD
L 
+ D

V
IC
N-44
) 

for the total condensed Dv  = 0.0 and:.  

(1/d)
N+1 

LN+1/DL = R 

For the reflux condenser, Dv  = 0.0 and: 

1/d 
N+1 

= L
N+1v

K
N+1 

= R 
1 



dividing by d: 

(v/d) = (l/d) + 1.0 
n n+1 

Eliminating (1/d)
n 
 by using equation (7): 

(v/d)
n 
= (v/d)n+1 An+1 + 1.0 

or eliminating (v/d) by using equation (7): 
n 

(1/d )
n 
= A

n 
[(,1/d)

n+1 
+ 1.0 

Stripping Section - General Material Balance: 

From equation (3) v = S 1 . and from equation 
n,i nli n,1 

(5) 1 = A .v i 
n 

dividing both equations by bi: 
ni nl ! 3 5 

(v/b)
n i 

= S
n i

(1/b) (14) 
1 1 1 

(l/b)nli = Anli(v/b) 
(15) 

n ,i 

substituting for A S An n 

(v/b)n 1 . 1 .(VArl  i(l/b)n 1 , 

(1/b) = (1.0/S .)(v/b) 
nli n,1 n ,i 

subscript "i" is usually dropped for simplicity. 
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(12)  

(13)  

(16)  

(17)  



A balance around any stage "m" and the bottom of 

the tower gives: 

1m = vm-1 
+b 

dividing by b: 

(1/b)
m 
= (v/b)m-1 + 1.0 

Eliminating (v/b)m-1 using equation (11+) 

(1/b)
m 
= (l/b) m-1 Sm-1 + 1.0 f + 1>m>1 

or by substituting for (1/b)m  

   

(v/b) = S 
m m 

(v/b) ± 1.0 
m-1 

f}m?1 

   

   

General Feed Plate Match Ecuation for Simple Tower (Single Teed)  

A balance around the bottom of the tower gives: 

of + b = 1 f+ = 1f+1 
+ 1

f 1 
Subscript "i" is usually dropped for simplicity. 
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By overall balance 

f = b + d 

Therefore, 

vf + 
b= 

 1 
f+1 

+ 1 (b+d/f) 

72 

of + b - (1F13)/f = 11+1+(iFd)/f 
dividing by b: 

(v/b) 
f 
 + 1.0 - 1 

F 
 /f = d/b [(1/d) f+1  + (1,/f) 

f = VF + 1F 

Therefore: 

1.0 - 1
F
/1 = v

F
/f 

Substituting and solving for (b/d) gives: 

(l/d) 
b/d = 1+1  

(v/b)
f 
+ 

1F/f 
v /f 
F 

for all liquid feed v
F 
= 0.0 and 1

F 
= f, then: 

(1/d) + 1.0 
b/d = f+1 

(v/b)f 

For all vapor feed 1
f 
= 0.0 and vF = f, then: 

(1/d) 
b/d = f+1  

(v/b) + 1.0 



APPENDIX E 

73 

SOURCE LISTING OF THE FORTRAN CODING  



A FORTRAN Iv (vER Or.) SflURCF LISTINGI 02/06/73 PAGE 0001 

MAIN 1 I PRrGiL44 'ATM 
2 C 
3 C SNILFY.1 TAELF GEODES PROGRAM (LIDUID• DR VAPOR DISTILATE) 

MAIN 
MAIN 

2 
3 

4 C MAIN 4 
5 crirw!:4 rtmolLiVt111),A0191.),.PL(20)..Fv(20),FX(2o);A(101,20) MAIN 5 
6 C;WvN" S(11,2,),V.;3( 1 1,20,KLEI(1,1,2,),P(101),PRFF,PB/PDF .O MAIN 6 
7 c",.,-" Rr,,AL(20),rcAL(20).o.5cAL(20),n0(?0),PFRAC(20),THCOUN,DCON MAIN 7 
8 Cw'w.1:.: A(20),,,l1t2'1),A2(2r;),Alt,C),A4(70).X(20),Y(20),NKCON MAIN 8 
9 CI, ' vLD,kpr'.1.1tmPATCPN,!,,,mpi44,T;AAxoTmIN.TAPCW:iVLCON,ALNP1on,B MAIN

I:110N  
Cr 

9 
10 -. 4 TrErr_,,FTWO,S'!IIEP.14  ,TALD,CALDA TOTFL,TCTEviTHETA;TRIAL 
11 CP" '4.VD(11,2(),R.LSTI(1,2')/.10Lf:IV(101),OV,OL.OLIA(101)/F(20) 
12 Cr-!F 4 HL0(2'),111.14201.4hL7(2j),HL3(20),HL4(20),C0LPH,CONHAFEEDH MAIN 12 

g 13 

13 c:1.,i Hvo(V),001(2,-.),Hva(2r1 ),Hy3(21),,Hy4(20),xp,(20).xD(20) 
14 CO''vf4 YF(20),XF(2(11SULF,TJTALF,SCOR.00oR0000(20),SCO(20) 
15 C 
16 C THE FLC4INC vARIABLES ARE USED ONLY FOR PLOTING. 
17 C 
1P ..)1:,, Fici. THt(m),0,1(200))T1(201A0TNFP(200).TNFP0200),TN(200) 

11 ri'lEr;SIL1(2/0 ),vNEP(200)AvNFP1 (200),TR 1(200) MAIN 19 

21 C 

mAAAIrsNINI 1 22278 
H Ts WMPEr, OF PLATES 

H \1 

o 
21 C MAIN 21 
2? C M IS '',LIER riF CmPIJNE,IT MAIN  

MAIN 23 23 C II*T' IS FEEr. PLATE 
24 C MAIN 24 
25 24 PE'1O(97,01,r N0=26)N,M,OFP MAIN 25 
26 1 FliT(315) PAIN 26 
27 IP1.1:1+1 

%r1 Eri 21  C 

MAIN 230 
21 THEn=0.0 
30 THETA21.0 
31 IPAG.1 MAIN 31 

MN 3 22 C . 
MAIN

32 
3 33 C IF VAPrk E. LIQUID} pR1FILE IS GIVEN SET VLCON1.+1.0 

34 C IF VADT,  ELI:JUIn SR 'FILE NOT GIVEN SET VLCONs 0.6 MAIN 34 
35 C MAIN 35 
36 C 1 Cr'iDITIO-: 1A - FFE" ; MAIN 36 
37 C 1- ALL WUTD FEE`' SET FC01Do+1,0 MAIN 37 

1 3R C 2-ALL VAFflk FEED SET FCOND=-1,0 
39 C 3- vAPJRGLFIUAD FEED SET FcLINDIc0,0 MAIN 39 
.40 C MAIN 40 
41 C IF GIVE") TEMPERATUE PROFILE MUST SE USED SET TCOMm+1.0 MAIN 41.  
42 C IF TEAPEL,ATWE PPOFILE IS NUT GIVEN SET TCONe0.0 MAIN 42 
43 C Ai° I7.PuT VALUES Fo T':AX & THIN MAIN 43 
44 C 

MAIII 

44 
45 C 

, 
W IF :)ISTILLATF IS ALL LTT!.) SET DCONIB +1.0 

46 C IF ;ISTILLATE IS ALL VAN:4 SET DCONa  ..,10-  
47 C IF T!'_,  P',,t,E DISTILLATE SET DCON=0.0 (OPTION NOT OPERATIONAL ) MAIN 47 
14, C IF :1 C!,;.1 0. 0 I'iPuTED PCoNm...1.0 MAIN 48 
49 C 
.50 C IF PRCON IS SET EQUAL 1. IT RILL PRINT THE. INTERMEDIATE TRIAL MAIN 45: 
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PROGRAM PAGE 0002 A FORTRA'4 Iv ( Ea L3A) SOURCE LISTING, MAIN 0206,73 

51 C IF P'CMN IS SET F0OAL 0, IT WILL NOT PRINT THE INTERMEDIATE TRIAL 
.0 

MAIN
, 
 5512 

52 
53 REM', '4,TCWI,AKCON,nCINJFC9ADJVLCCIN MAIN 53 

MAIN :: 
54 9 FOAT(5Flo.5) 
55 C 
56 C IF 01E 4ANTS TO 1A"IP VAPOR & LliJuin RATE SET VCDAMP .0.0 MAIN 56 
57 E LIT DE FlqW RATE CHANGE, 

PflN ;; 58 TRIAL MAXIMUM VAPOR C LIQUID RATE CHANGE 
59 C 3-.7 20% MAIN 59 
6f) C 8-12 10% MAIN 60 
61 C 13-17 5% MAIN 61 
62 C 16+ 2% MAIN 62  
63 C MAIN 63 
64 C IF rrIE DES NOT WANT Tn VAMP VAPOR C LIQUID' RATE SET VLDAMP m +1,1iill 64 
65 C 
6h C Tiv,,q,  IS To DAMP TEMPERATURES 1 TNEWwTOLO+(TMEW,J000)/T0AMP 
67 C 1u,7,Pc 1,0 TCIPC4ATUP,F WILL NOT BE OAMPENIF 0; INPUTED TDAMPm1.) MAIN 67 
68 C TD...rP: OTHFR VALuES TEmPERATURE FILL BE DAMPED ACCORDINGLY 

41)1 2; C 
70 C TtlIhAX .IS THE MAXI"UN NUMDER OF TRIALS $ MAIN 70 
71 C MAIN 71 
72 F,E,",V 17AVLVArIP,7i;ArP,PRCOsTRIMAX,FTOLD MAIN 72 

MAIN 73 
tN 

73 17 IfIAT(4E1'1.5,E15,ii) 
74 IE(11AP ,F, J.)) TnAmpm 1 „0 
75 IF(Ti?ftAX - GT 2';0. ) TRIMAA:200 MAIN 75. 

77 C 
76 IF(T,),Ax :E,: 0.0) TRImAx=50.0 

MAIN 3.1 
78 P4p, T 25,.% MAIN 78 
79 25r) F:IT( 1 1 1 ) MAIN 79 
8 P4147 5111PA6 MAIN 80 
ql 51 F,It'rAT( 1 1 1 ,////,' PROBLEM PARAMETERS 1 1 ,89X/IPAGE GI4P/) MAIN 81 
b2 C MAIN 82 
83 rpINT 15,No,NFp MAIN 83 
84 35 Ftii- ,!LICI U..1 11ER VF STA(=ES 1,15,/,3x ,,I STAGES COUNT FROM BOTMAIN 84 in TN 1. 41  DE TUIW,/49X,I ( INCLUDES EQuILIBRUIM-STA[4 REBOILERI,/MAIN 85 85  
86 29x$ ,F4FLuM-S CON1F-SER-DISTILATE DRUm)1,/,' 

MAIN 84 e7 310 .- :ut.lt-R 0E Colv!NENTS 1 
88 4,I5.,/,') FEED STAGE LOCATION 1 ,16) MAIN 88 

90 
89 C MAIN 

mAIN 48 
MAIN 91 
MAIN 92 
MAIN 93 

MAIN  

MAIN 
MAIN  

95 
MAIN 

49! 

MAIN 100 

PAI!JT 1C6ATC:IO A re,..Cn,DcON,FCIND .. 
91 105 F7iH,.,.T(l) TE1PEgATU!E PkrIFILE CODEI,F5.13/, 
92 37X, I'1.0 T PkuFILF 1_,11• GIVEU 1 ,/, 
93 911x, 1(4AX L AIN T vUST BE SOP PLIED)1 3/.11 
94 A7x,11 0 T Pl 'iFILF ,',UST BP SUPPLIED(,/, 
95. Q 1 0 T4ROpYi'.AlIC pATA CrinP0F5,1,/, 
96 P7X,In.0 COEFFICIENTS OF P,ILYPOMIALS NOT c/vEN1d, 
97 S11x,1 11,ST SUPPLY ToEPMu0YoAMIC DATA POINTS (10 MAXI,/, 
98 111'1-,ILIATS I,EG F , M-0TU/H WILE FUR ENTHALPY',/, 
99 I)lYilvImENSP,ILESS FoR V-L E0UILI8RINm DATA' /,. 
100 17X/ 1 1.0 COEFFICIENT OF PULYNUMIAL MUST BE SUPPLIED',/, 



A FrIETRA'; 

101 
10? 
103 
104 
105 
1'.,,6 
107 
10b 

Iv (vtR L3;1 ) Sfl 02/06/73 U7CF LISTING' MAIN PROGRAM 

00 ;ICiTILLATE TYPF COOP,F5.1,/s 
F7x, 1 -1.0 ALL VAPflR 1,/, 
G7xst 0.0 \f,,PR C LIQUIn (M0T OPERATIONAL)(,/, 
;qx,1 4.1.0 AIL Llu(i1 1,/, 
*,0 rE(') C ,'!:;ATI;;N Crw)EliE5.1,/ 
17x,/-1.9 AO.. VAPR 1,r, 

27x$ 1 0.0 V01,1 R C LI0J10 Id, 
37X,1+1.0 ALL LWIN 1) 

PAGE 0003 

MAIN 101 
MAIN 102 

MAIN 105 
MAIN !!! 
MAIN 

11(78 
N 

109 
11n 
111 
112 

C 
'PINT 101,11.00N 

lf':1 f%.0,!AT(1, v6pyt_LivIn PkOFILE crinEf,F5,id, 
C7X, 1 1.0 ',, E1 f.0EILE HOST 0E SUPPLIED/,/, 

tIAAAil 1011901 
MAIN 112 

113 
114 
115 

C 
07x2/040 VCL PrIFILE ;Jo•T GIVEN') 

PRW,T 116.0.- 0-AP,T0APP,PPc00,11-11mAX 

MAIN 
MAIN 

114 

lii 
115 
11 7  

116 (- 01/;T( 1 :, Vtr;iR IWP1;;;D ClIDEI,F5.1,/, 
..-1)(, 1 ;,',0 \;Art,i, C 1r11(F, RATE ',ALL aE DAmPEDI,/, MAIN 117 

11' 7 !7)( 1 1_._0 v2;P; 5 C LI0u1 ,, PATF , ILL / ,UT HE DAMPED';/, 
119  
121) 
121 

ni,-, TEH)(-fiATIJPE :1/1'1 1)116 CDE1 AP5.1,/, 
P7x, 1 T ,;4 ,. T c.ILD + ( I NF'.,. - T 0L0) / ( T DAMPING COnE)1,/, 
1 1 0 rRINT cnoE 1 ,F5- 1,/, 

MAIN
t.t li10 
MAIN 121 

12? 17y) 1 1.ti II.1 Pi rl'j.1 .TER,FOIATE TRIAL %TAW, 

123 K7X,1,0 'Att. 1: PIJ 11TER'IEDIATE TRIAL OATAI,/ 
IMAAINN 
MAIN 

122 
123 

124  
125 
126 

C 

Ulo ,A,)( ..1 FirR ur TRIALS 1,E7.2/ 

IF(TCW, .E - i. 0.0 60 TO 5 - 
MAIN 

tali 

125 

1212.e; 127 1,E.!;D 4,(1T(I),J=IstP1) 
123 

q 12 -  
13n 

4 Pflor4T(:1 1=1,).5) 
r.0 I ; 6 

5 (WIFIUE 

MAIN 
MAIN 
MAIN 

128 
129 
130 

131 ,E.... 6,T-1,,Y,TOIN MAIN 131 
132 , r(irv4T(2P1c:.5) MAIN 132 

1 1  
134 

Ai:rm.,' 
,J-LT=(1,2x-T;•IN)/AAA 

MAIN 
MAIN 

133 
134 

135 TT(1)=T1AX 135  MAIN 

13 t,  
137 

'11 N 7 I.2, 
17(1)=TI(1-1)-0ELT 

MAIN 
MAIN 

136 
137 

13 7 CULTI4t , E MAIN. 138 

13/ TT(`:+1)=TmIN 
8 M  

MAIN 139 
140 
141 
i42 

C 

cfS - 11-4:1 

,,,, 3,PFF,P(o.1.1),PDROP,CmDPOR 
14AltIl 
MAIN 

/4°1 
142 

143 3 FO;z71AT(4E1(.5) MAIN 143
4  144 

145 
IE(P4EF .E. 0.01 GO TO 11 
CC -1 MAIN 145 

146 fEtt-J=PNWP/cr, MAIN 146 
147 F(1)=R(4+1)+CoOPF,R+POROP MAIN 147 

16' 1 - 2 12 I =2,'; 148  MAIN 

149 
150 

12 P(1).1)(1-1)-0ELP 
60 Tr 14  

MAIN 
MAIN 

149 
150 
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A FO2TPA!'! v  (,,/FP L30) SMPCF tISTIN0i MAIN pROGRAM 02/06/73 

151 11 CT:TINHE 

152 r,o 21 tx 1,,,P1 
153 23 P(I)=1.0 

rRfF=1,r1 
155 14 Ciy,Tv,0E 

156 C 
157 CAU CrFFKH(IFAG) 
15° C 
159 PFA1 2Ppq.t.P1,0,TFFED 
16r.; 2g FI.AT(3c10.5) 

161 C 
16? C t.1.! •P1 =FxT7k' AL PEFLUX (MCLS/HR) 

163 C ntsTILLtil (mnLS/HR) 
164 C ,=, r:TT! (!- 6(.S/HI-;) 

16.5 C TFFEt= TrmrFATopF oF FEEn 0E0 F) 
166 C IF *;i:1 T,rrFATOI.E IS SPECIFIED 

157  C CF.. 1011T TEr.PFPATIIPE FOR VAPOR FEED 

IbS C fi" c.MALE PLI'4T FL1, LIQUID FEED WILL BE USED 
169  C A(N'!) Ig CASF IF PARTIALLY FLASHED TFEED=ITOEW4TBUBBLE)/2. 

17r.,  C 
171 C TRIAL IS USE`) IN e3f.I LE f, NE4 POINT SUeOUTINE FOR 

172 C THLERACE CITivERGC.CE 

173 C 
174 14IAL=7.0 
175 IF (Fcij !:;) 16,104,22 
116 101 , T1, WE 

177 CnCL ALLVAP 

j7'7 IC4 C!.r 4 
T.1 3n 
.TIUE 

IFO CALL Vi..EXO 
7.1 3u 

1r2 22 Ci3•11E 
163 CALL ALLIC 
1^4 30 CO . II:114E 
15 C 
1gn C 

1P7 IF(VLCc! .U0. 0.3) Gil TO 15 
4,(..A.(1),Ix1.0P1) 

19 "R"= :VP-1 
190 r,  T=1,,A” 
191 20 V(T)=AL(I+1)-5 

192 r- P)=•rTrL+AL( FP+1),.B 
1g3 rPv1=FP+1 
194 DO 21 I7L'Ppl,N 
195 21 v(I ) =4L(I+1)+0 
196 vr+1)=0.0 
07 IF ('Cr': LE- 0 1) Vu4+1)..p 
19"C ;7 HASI

. n
'

„
TILLATE IS "T 

C 
OPERATIONAL  • 

199 ALL !vh,Fif ,i DISTILLATE ',ALL BE USED 
200 C  

pAGE 0004 

MAATN 1• ;2 
MAIN 

lt il 115534 

MAIN
MAIN 

 A1 
::: 
1• 58 

M AAIN1 11659M0 

MAIN 1:/ 
MAIN 163 

164MAIN 

MAIN 
MAIN • 66  
MAIN 167 
MAIN 168 
MAIN 169 

.MAIN 170 
MAIN 171

11• 772 
MAIN 173 
MAIN 174 

MAIN 175 

MAI;44 1;7 
MAIN 178 
MAIN 179 

IMAArNi 1.1 18(; 
MAIN 182 
MAIN 183 
MAIN 194 
MAIN 185 
MAIN 186 

MAIN IN 
MAIN 189 
MAIN 190 
MAIN 191 

MAIN 192 
 MAIN 193 

MAIN Bt 
MAIN 196 

MAIN 198 
MAIN 199 
MAIN 200 
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A FilTRei IV OP.) LISTING/ MAIN pROGRAM 02/06M PAGE 0005 

201 15 CW;TI:AjE MAIN 211 
?,J.? C MAIN 202 
2. 2RINT 75,TfEE0 MAIN 2033 
2^4 25 1- 1 , T(I TEc:PL;,AT1PE OF FEFD IS mg  1,F10.5, 1  DEG, Fli//) MAIN 204 
2'.'5 :'PI 1 41.  2/ MAIN 205 
7(4 27 rIc•,-;CTIllx4 1-,OLS/hPI,11x$1,0LE FFAC t'Av_ IVAP mOCS/NRI, MAIN 206 
2',7 1.X,IvAr 'HL FRACI,i1X,ILI0 AOLES/MR 1 ,6X,ILI4 M(31 HAIN 207L FRACI) 
2-:.q C MAIN 208 

MAIN 209 2,,7 T10ly1='") 
213 1 7i 1,ff=0 MAIN 210 J., 
211 tilfi.= MAIN 211 
212 , n 15 I=1,'; MAIN 212 
213 FF—',C(1).E(1)/TJTALF MAIN 213 

MAIN !I

I

! 714 rk!!T 1.%/I,F(I),I,FFRAC(I),I,FV(13,1,YEM,IsFLII),I,XF(I) 
WI rr';-ATtY r( 4,17,1)01,F1(04,1 .F7(0,12A1)x,,F10.411 FV(IPI2, 215 

216 1 1 )= 1,M 4 1 YP(1, 1 2,1)10,F10.7,1 FLtr,02,11r ml;P10;4 
217 1. 1 xf(I..12, 1 ) = 1 .17 10.7) 

7,11.0;=:=. 1- I +I ITXF 

MAIN 

::: 
MAIN 219 

21', . I ) ' 
219 TIllYr,,Yi. (1)+TLITYF 
,V THli- X=.1,, TFX+FFRAC(I) MAIN 220 , 
221 33 cLc T T HI.1 MAIN 221 

MATt4 

222 2?? VRI:j 2J2 
723 2iq t-r.,';.T/ax.,10(1-11,)0X,10(irl),10X,10(1-1);10X,10C)...1),10X•10.0.0 

1.1 ,.X,I,( I-I)) 724 
225 PP 1.0 21,TY7ALEATPTFX,TNTEVATOTYFoTOTELATOTxF MAIN 2• 25 
2? 21(.2  Fri.,:m.,,7(t I.JAL 1,F10.4,JUXJF10.4,10X,F10;4,10X#Fi0e7)10W1014# MAIN 226 
227 11(,7pFln.7,/) MAIN 227 
?a'' C MAIN 228 
229 IF(FTILD .F6'. 0.n) FTN1D=0.000I*D MAIN 229 
23D C 
231 C (T' L:;  IS DISTILLATE TOLEkAACE 

MAIN ;
• 3? 

212 C mA/N 232 
233 PuVJ 112 MAIN 233 
234 112 i ii -rT(1D(/)) MAIN 234 
215 14Ti.T 10,;,,AL'IFIPFTiLD MAIN 
236 I0' FilATIf V',LOE ;'F DISTILLATE IS xl,F10.4, 1 VALUE OF EXTERNAL RMAIN il5 6 

444 01• 1 
237 IFFLOx 16 =I,F10.4,//,I DISTILLATE TOLERANCE I,Ei5,8s//) 

4 238 C 1A 
•731 IF(i,C,a) 33,12,33 MAIN 239  
240 31 r , V = 0 MAIN 240  
241 PL=3.0 MAIN 

24241 242 v(,.+1)*D 
243 I'Pli* 36 

MAIN rit: 244 31 cii-Art, DISTILLATE IS ALL VAPOR .1 ) 
245 ,:',T1 •Ii 34 MAIN 245 

MAIN 246 240 C 32 D.:f.'s/4-N_ 
247 32 Cm' TI,i0E 
24 4 NIT 37 
249 37 FrmATII DISTILLATE IS LIQ. C VAP.1,/, 

iAN 248 
247 

MAIN  
MAIN 249 

250 *I TOIS OrTIM1 NUT OPERATIO1AL ALL VAPOR DISTILLATE WILL BE USED MAIN 250 
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A FnRTPA IV (VER L3m) souncF LIsTfor MAIN PROGRAM 02/06/73 PAGE .0006 

MAIN 251 
MAIN 252 

251 *1) 

PV=0 
252 C 
253 MAIN 253 

MAIN 254 254 PL=0,0 
255 w(1.0-1)=0 MAIN 255 
256 0C9,4=-.1.f., MAIN 256 

MAIN 257 257 r• -.1 Ti 34 
MAIN 258 258 33 1,'L.0 
MAIN 259 259 r1v:).0 

260 V(,-4.1)=0.0 
261 PRI T 36 MAIN 261 

262 36 flr"tT( 1 DISTILLATE IS ALL LIQUID .l) MAIN 262 

263 34 C1 J110E MAIN 263 
264 C MAIN 264 

265 
I MAIN 265 

IF(PrIEF .U). 1.0) no TO 61 
?''(1 rRI'L,T 64,P(N+1),CWDR0PoOP*P(N),P(1)*PREF 
267 64 F*,,, E,T(//,' INPUT PkEssUREs II,/, MAIN 267 

26R 10,,1  ACC, JMHLATNR p 1 ,6x*F10.4,/, MAIN 268 
269 16X, i CI'NIE'SER OrLTA P 1 2X,F10.4,/, MAIN 269 

270 16/, %,,ER ()ELIA P 1,6X,F10,40/, MAIM 270 
2 7 1 16 x, TIFE. TflP T7AY P 1 ,3X,F10.4,6 MAIN 271 

1( 27 7 2 
272 16X,' T:IyER F,)TTJ1 TRAY P 1,F10.4,//, 
273 1 1(,,  RIFERcr,CE P FnR SUPPLIED KwriATA 11F10,4) 

MAIN 274 
3 

274 iJ Tn 66 
275 63 PRI1T 65 MAIN 275 
276 65 .FDT(ID PROSHRFS WERE NOT SUPPLIED OS, MAIN 276 
277 1 1 !<... ATA ',“LL ,,LIT ;E PFFSSURE CORRECTED 'i t) MAIN 277 

CW'TI'luE 27H 66 MAIN

1AAI/ 222;801 

279 C MAIN 279 

2Y0 fPir,:=1PA+1 
2r1 :.,W,T 251 

MAIN 282 f'4PJ 52,IPAG 282 
293 52 flo'-A1(52X,I***** INITIAL DATA SETTING ***** 1 ,28X* 1 PAGE 4 114,//) MAIN 283 
44 IF(TC.1; .E. 1;0) Go To 41 

WkI 1 2 4 ,IPAAXPT!IIN 
MAIN 294 

2J5 MAIN 235 
2R5 2n4 Foo'!4T(t v6xr.01M TEMPFkATURE IS ifiF1085; MAIN 286 
2o7 *4 i L;1',0 TEWERAT0RE IS st,E10.5) 

41 CO: TINIIE 29 1 

MAIN 287 
MAIN 2as 

2E 9 vRriT 106 MAIN 299 
290 106 rAT(to PIE INITIAL VAPOR , LIQUID a t TEMPERATURE PROFILES MAIN gg o 
291 1,*/) MAIN 291 
292 PRINT 110 . MAIN 292 
293 110 FrirAT(I MiHsERING IS FROM OTTOm TO THE TOP OF tHE TOwERI,/, plittl m 
294 17X,JLAST STA GE IS THE COENSEk-tlISTILLATE DRUMS,/, 
295 27X,IFftST STAGE IS AN EQUILIBRIUM STAGE REBUILERIA//) 
2'6 fL(-1.1)=ALP1 

MAIN 295 

I'MI VIt/1 W; 217 .kr, 2(1,i . 
.29,; 2i r,,,,i(12x,,,LasimnI,13x,ous/mpt,13x,,DEG, F., MAIN 298 
299 HI 72 1=1,'-i'1 MAIN 299 
101 PRINT 107,I,V(1),I;AL(/),I,TT(I) MAIN 300 
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A FrIRTRAf;.IV (E'ER L3g) srJURCE lIsTIOt MAIN PRrIGRAM 02/06/73 PAGE 0007 

301 Ilr'V(1)11V(I) MAIN

AIN 307  

301 

302 r1r1(1)11AL(1) MAIN 302 

303 7Z CLH11111E MAIN 303 

3' 4 C MAIN 304 ., 
305 TRIALs0.0 MAIN 305 

106 IF(VLC .P(!. 1.0) TRIAL4.4.0 MAIN 306 

1n7 C 
m 

4;5.3 C 1;It,L IS licFp It IIPIOLE , DE4 POINT & DISTILLATE SIIRPOUTINE FOR  
T ;I., P rt  ir.,(: F CrIK VEF. GrtoCE 

:AA:: ::: 
" C MAIN 309 

T RIAL IS AISI1 uSED 1'i DETEPMINING WHEN TO DO ENTHALPY BALANCE 
MAIN 311 

33r C 
311 C 

MAIN 312 312 PRP.T 25D 

313 JJ.1 MAIN 313  
MAIN 314 314 jr.,C,iPAC+1 

315 rklt r 44pIrAG MAIN 315 

316 44 Tt.t:TIX,1*****  INTERME0/ATE TRIAL ###01,29XpIPAGE (aI4P//) MAIN 316 
117 C MAIN 317 
31A C 318 MAN 

319 W' 311 C THIS IS THE AFTN NIINT FIR THE ITERATIVE CALCULATION . 
32./ C .,-44****“*************************##***###*********************MAIN 320 
321 C MAIN 321 
122 Ill CV.:71PHE MAIN 322 
323 C MAIN 323 

MAIN 324 324 IF(li-4I.AL .r'. 0.0 ) G'}TO 171 
325 IF(F'RCir4 .t E. 1.0) GO TO 172 MAIN 325 
326 C MAIN 326 
1?7 C Tri TI:LEAtCCS -- MAIN 327 
.32 TALI). MAIN 328 C O;IE IS A VARIALE  
329 C I- IS rTYFri ' FTrLD EITHER AS AN MAIN 329 
331  C A5AUTE OK c FELATIVE VALUE IN TERMS OF D SPECIFED 

INIAANNI 1r1 331 C 
312 rp1,,T 70,7°IAL MAIN 332 
3.3 7G F:;:. c, l'IALcIpF5.0) MAIN 333 
334 PpviT 113,TALD 
335 313 Fn T(1 r)ISTILLATE TnLERANCE u/PF10,7) 

i1; 336 r'fi.IT 20 I114 

I N 

iii 
337 771 170 I.1,:-r'1 MAIN 337 

".1:11/1:1 

 338

44 

33q Ptv'T 1P7ploV(1),IpAL(I),IPTT(I) 
339 107 FLIPt, AT( 1 V( 1 ,13,1 )xlpF10.3P, L(IPI3s))111 .010.9, 1 T(1,13, MAIN 339 

MAIN 340 340 1')=f,F10.4) 
341 17' CP TI; 0E 
342 PRI'T 212 
343 212 rOdr;1..(//) MAIN 343

3, , 344 J,..),.., 
345 TF((•+1n)*JJ-58) 43,43,42 MAIN 345 

MA/N 346 346 42 psilT 2.5'' ' 
347 F"-(;=IriV41 MAIN 347 
34R  rkrj 44,1PAG MAIN 348 
349 JJ.1 
350 43 CLW,TInOE 

MAIN 
33r0 



PROGRAM 
F"TRAP T v (vER L3) SnuRCr LISTING' MAIN 02/06/73 

351 C 
352 C .THE Sr \,A o riLEs ARF 'JSED FOP, PLOTIMG, 

351 C 
354 172 Cr'-471.4 E 

355 

156 

IF.fv,LUA 
17.7;,IAL 

.Fli. 1.1 .'T',, 

• 

0A TRIAL a0. 4,0) CO TO 171 

157 TH..(!)=T•iF:TA 

355 •,3(1)=Cr,LO 
359 T1 ( I) =T T(1) 
360 i!JP(I)=IT(:.FP) 

1-„ri,i(1)=TTLTR+1). 
rfl 77,(1)=TT('4) 

A 

dl 

PAGE 0008 

MAIN 351 
MAIN 352 
MAIN 353 
MAIN 354 

3 • 

MAIN

A 3556 5 
MAIN 357 
MAIN 358 
MAIN 

1 560 

MAIN 36 
MAIN 362 

361 rl(I)=,:(I) 

1:i1N 11 3666i 
365 
364 v4rt'(I)=Vl ,FP) 

.!7P1(()==Vt,iFP+1) 

ly) . rw/(1)=Tr/A MAIN 366 

357 C MA IN 367 

16A C PL. - t1.1i; VA,, I ^.13LES rv4sHED MAIN 368 

369 C 
MAIN 369 

370 IF(P"Co'4 .!-. 1.6) Gi TO 47 MAIN 370 

;i 
J4=JJ+1 

MAIN TF(3.4jj-55) '.7,47,46 
MAIN )172 71 

373 45 JJ=1 MAIN 373 
MAIN 374 IP"6.IPA'',+1 374 
MAIN 375 375 imT 2.5 

376 ocIL,T 44,IrA1; MAIN 376  
177 47 C;.L.T1.WE MAIN 377 

MAIN 378 37" C 
379 171 Cw:TME MAIN 379 

211 TkipL.TRIAi+1.0 MAIN 350 

361 CtIA. AA, 5 MAIN 381 
MAIN 392 
MAIN 383 

31-.2 CALL ,I=CTF 
3,33 CALL STRIpp 
324 CALL LCALLte,991 MAIN 384 

385 CALL TE•f'RT 
TIrti M ' 345 1F(141AL-3.0) 61,61,50 

387 61 r.r .T1',:lE MAIN 387 

18g Cl 62. 1=1,' 
3e9 ,'(I)...JLOv'(i) 

MAIN 3gs 
MAIN 389 

390 _t/;tL(1) MAIN 390 
62 391 2 T MAIN 391 

392 
50 roJ 

MAIN 392 
MAIN
i 

393 393 
f ir Ill 111 
Cf:-'T 

194 IFCTRIAL .1-0. TRImAx) CO TO 9999 

395 CALL E'l• MAIN 395 

3'16 Ir(vLVAP '.E2. 1.0) GO TO 402 MAIN 396 

397 CALL CtmPE 'LA IN 397
4 398 402 GD Ti.  III 

399 C MAIN 399 
f.P 400 99 CTI!'i0E MAIN 400 
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pAGE 0009 

MAAIN 4001 
MAIN 403 

MAIN 404 
MAIN 

4 400: 
MAIN 407 
MAIN 408 
MAIN 

4F1 
412MAIN 

MAIN  
MAIN 413 

MAIN 415 
MAI 416 
MAIN 417 
MAIN 418 

MAIN 419 420 
MAIN 421 

MAIN 422 

MAIN 425 
MAIN 426 
MAIN 427 

MA

AI: 428 

430 
MAIN 431 
MAIN 432 

MAAg 44;13# 

4; MMAAN 4:356 
MAIN 437 
MAIN 438  
MAIN 439 
MAIN 440 
MAIN 441 
MAIN 442 
MAIN 443 
mATN 444 
MAIN 445 
MAIN 446 
MAIN 
MAIN  
MAIN 449 
MAIN 450 

A F(IPTRA I/ C/F1 L39) S7u1CF LISTINGi MAIN pROGRAN 02/06/73 

401 1F(T,I(:TA) 199,9'''f99,199 
99) CI1L11N1E 

/0).1 
CALL TF'FRT 

4:5 CALL ,'1'6UT(E1000) 
/1 9999 6mI,T 3Th./kTAL 
49/ 3'; OIL) NOT CUNVERGE , IT STORED AT TRIAL # 1,F7,2) 
4c0 P4 I'4T 311 

311 ;Iii  ,07( 1 PI1AL VAPOR LIQUID E TEMPERATURE PROFILE(,/) 
416 FR11T 11r' 
411 VR1'IT 
412 7,O 9T'.9 l a 1.NR1 
413 FklmT 107,1AV(I),I$AL((),I,TT(1) 

4 9'9 CO%Tro:E 
415 CU''TI%UE 
416 C 
417 IFCVLCH 1.0) TRIALxTRIAL14.0 
41' 
419 CALL XeLOT(TiTRIITHA) 
42" pyr:r 
421 56J 1- ..0- ( 1 PLOT OF TRIAL VERSUS THETA)) 
422 CAIL XYFLGT(/,Tkl,CU) 
423 
424 561 F7!I. Pt,J(1 °LILT OF TRIAL VERSUS DISTILLATE') 
425 ;%Ii!:TX:Ror(I,TRI,T1) 

426 
421 50? (MT(t 21.1-r OF TRIAL VERSUS 711/ 1 ) 
420 CALL XYRLLT(I,TR1,TNFP) 
429 ,t FP 
430 5113 F.:1 1 T(1 FLrT rF TRIAL VERSUS T(1,12,1 )1 ) 
431 CALL XYRLOT(I,TRI,TNRR1) 

43? ,Ftt1r.40+1 
433 ri,I FJ 504,FP1 
434 504 FI:"ATt) pLOT (IF TRIAL VERSUS T(),I2, 1 )() 
435 CALL NYqUT(I,Tkli TN) 
416 rPt'IT 50'.;,t' 
437 5,)5 fcr(1 FLIT OF TRIAL VERSUS TII,I2,/)4L 
43a CALL XYFLi:IT(I,Tk1,V1) 
431 PkTNT 50b 
440 5'..16 FOl'IATO PUIT OF TRIAL VERSUS 010) 
441 CALL XYCAUT(IATRI,VNFP) 
442 . Pp./!..T (-).7,14P 
443 567 FlAT(I PLnT OF  TRIAL VERSUS VII,I2,,)1) 
444 CA!1 XYP1oTti,TRT,VNFP1) 
445 PRP.T 5(7,!1,E.P1 
446 50H FOIINT(I PI-1T OF TRIAL vEr‘SUS v( 1,12010) 
447 CM TI 24 
448 26 CT,T171UE 
449 SPT 
450 EIJI; 
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PAGE 0010 

CUFF 4 4% 

A F rI P TF: A rl  Iv (y" L3° ) SPURCF LISTING! COEEKH SUBROUTINE 02/06/73 

1 SWUZINTIF CCFFIO(IPAG) CUFF
C 2 C 

3 C THIS 512r0HTI!,IF ',ILL CURVE FIT THERMQUYNAMIC DATA, OR READ IN CUFF 453 
4 C VE POLYI'JIIAL C:IEFFICIUTS CUFF 454 

5 C 
CC(I)!FFFF 455 

cf),AI:Li 
6 (710":4 TT(101),V(1,1),AL(101),FL(20),FV(20),FX(2n);A(101,2°) 

ct 7 1-1'20""“101'20L'i("(101°20)'"101),PRFF,P,PD,Pr CUFF 457  

A co ,  ot i" i; mcAl.123W I CAL (2r.))prirAL(70),GRP(26),,FFRAC(20),THCOOKI,DCON 
(C111)FFFF 4595 9 Cr .'W1 A") (9C), 2‘1( -2.),A2(20 )“.3(7..))444(7°)/X(20),Y.Ip0),HKCUN 

10 CD -,"';' Vlii::.;P,Tuil,,D,ICW'js'INFPITPAXATNINAT,FCON,VLCON,A1t-P1,D,R CUFF 
6 

446? 

11 rif;i.1 TFEFL,FTULN,SWG9P  ITALn,CAln,TUTFL,TOTFv,TkETA,TRIAL CUFF  
12 CU'V 0i, h'X(101,2(.),KLNIC'1,21):0L0V(101)ADV,DLJOLNA101),FI2n) 

CCC1OFFFF 462 
13 CD'OnN HL0(2,)sOL1(2),H1.-2(2r),HL3(20),H1-4(20)./MRHICON 9 AFEEDN CUFF 463 

CUFF 465 
14 

CUFF 466 

.-“, :)t2,./.01V1(2)),HV2(2,j ),HV32r),W4(20),XF(2n),XD(20) 
ALF ) ::CORs0C0R,000(21);PC0(20) 15 r . 'at„),X1(2H,SUNLFIT0T 

(C7i
1
7:ii, ,, 

6 1- cr'E ,:sre 2_Kcin),Ts(100),c( lo),z"Li lo)'7Hvcio) 
7 CUFF 

CUFF 460
7 

CUFF 40 
GOFF 470 
CUFF 471 

CUFF 473 

475 

OFF 4764447 

CUFF tVi 
CUFF 

FF 44:: 
CUFF 484 
CUFF 485 

CccElIFF 487 

;;FFFF 489 

CUFF 490 

CUFF 493 

CF
449 
t;t 

CUFF 
496 

C UFF 

497 
CUFF 498 
CoFF 490)  
CUFF 500 

I 
IQ C 

20 C 
21 

22 C 
23 
24 C 
25 C 
2! C 
27 
26 

46
s  -Ipli,FR rF k, H W L i, , HV DATA CORRESPONDTNC TO T RFAn IN ASI 

t+i< .1t:PL AND PIHV 

IFAG=CPAF.+1 

IFOAKCON 0- c. 0.0 GO TO lin 

nilLY1;1 01LALS READ IN (4TH ORDER ......MAXIMUM)  

°EP-D 4,(A0tI)/A1(1),A2(I),43(I)A.A4(1)/1=1,M). 
PElp 9,0•LAT),H11(I)AHL2(I),HL3(!),H1.4(1)oIma;M) 

21 Kfp„ °: ,(i 1,,,M,Ii"01),HV2(1),HV3(1),HV4(1),1310) 
3n '9 F97.-AT(firlf,.P.) 
31 vl 1 :L: le) - 
32 C 
33 1U1 M W T! E 
14 C 
35- PRINT 250 
36 ..1,1J=1 
.37  rRp,i 52,Ii'A 

34  . 64 ilIT(4YolGIvEN VAPOR-LIQUID EQUILIBRIUM DATA t s//) 
40 PE -W 1.,F0z.,'.HL,NHV 
41 1 FOI.rAT(315) 
42 C 
43 C TS TFrPFkATITE ( DFG F) 

44 C 1K K-OATA ( 01q$TEr;LESS ) , 
45 c .7_41. H.LU'iltri ))AT\ ( 1-,RTU/4 ruOLE ) 
46 C Ztiv H.vAPOT. DATA ( !'...0, TU/4,, r,OLE ) 
47 C 
43 C CUFFFICIFNT nF prioNqmraLs ARE AS i 
4 ,1  C e Ae..:AI)+T(Al(I)+T*(4(1)+T*IA3(/)+A4(1)*T))) 
50 C HL EL=PLC,(1)+T*(11(I)+T*CHL2(I)+T*(HL3(1)+HL4t1)110())) 
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FORTRA" 

51 C 
52 C 
53 C 
54 C 

IV (VEP OP) SOURCE LISTINCi CCIFFKH SUBRoUTINE 02/06/73 PAGE 0011 

HV Evc0N0(T)+T*M1(1)+T*(02(1)+T*(11V3(I)+04(1) 10T))) CUFF 501 

IN THIS SEcTioN rV ItABRIUm DATA (K) /S READ IN AN!D CURVE FITTED 
FtiFFF 5025( 

55 '-i:] Fin I=1,10 CUFF 505 

56 SO C(1)=0 0 CuFF 506 
57 
5P 

n0 4 J:1,m 
pTvcr 67,J 

CUFF 507 
CUFF 508 

59 
60 

67 FO"T(ZY, 1 Cf:HPU"FrT # 1 ,13) 
K ,') 2,(TS(1),(I),1=1,NK) F U 

CUFF 509 
CUFF 510 

61 2 FOr'':T(''11:..5) CUFF 511  
62 ',1 3 1=1,( CUFF 512 

63 PR(':( (,1,1,TS(1),I,ZK(1) . . CUFF 513 

64 
65 

61 
3 

F1,-,, T(5, 1 T(1,12,)=1, F1084,5X, 1K( 1 ,12,0)12 1,F10.41 
Cr.,;TT,,  

CUFF 514 
EgFF 515 

66 P!0 , 4T 70 CUFF 516 
67 -v-; r=r,!i%1(///) CUFF 517 

68 IF(J .F ,::. !.) Gq TO 72 CUFF 518 
69 
7.3 

jjjaiJj+) 

7F(( . ..4,4)*0  JJ-48) 71,71,72 

CUFF 519' 
OFF 520 

71 72 CD TV!ul CUFF 521 
72 JJJ.1 CUFF 522 

73 113 :.6=1PI CUFF 523 
74 25r• PRI NTCLIFF 524  
75 PRI IT 52,1PAG CUFF 525 
76 71 CWTIIA. CUFF 526  
77 t:N1 =4 CUFF 527 
le 
79 

''NC:.-1 
VC, =1.0 

CUFF 528 
CUFF 529 

PP Clt. FITIT(TS,VO, NK,T,C;NNCOLA) CUFF 530 
HI to(J)=c(2) CUFF 531 
at ',1(J)=C(z) CUFF 532 

P3 A2(J)=C(4) Cu FF 533 
F4 A3(j).c(f.,) CUFF 534 

h5 1,4(.11=C(,) CUFF 535 
P6 Li i0 11=1,10 CUFF 536 
El PI C(11). CUFF 537 
H 4 Cil'iTI::oF CUFF 538 
F9 C CUFF 539 
91-J C IN TPIS SECTIUN LIFUID ENTHALPY IS READ IN AND CURVE FITTED CUFF 540 

91 C CUFF 541 
92 PRIliT 65 CUFF 542 
93 65 F1rkAT(15x, , r,IvEu LIQUID ENTHALPYI,//) CUFF 543 
94 r ) 6 J.1,m CUFF 544 
95 FRIN-7 67,J CUFF 545 
96 r4( ,,T 53 CUFF 546 
97 53 F . r -Ar(12X, 1 0EG. FI,11x,Im-BTU/# NUE') CUFF 547 

(2 4  Et- 2,(TS(1),ZHOI ),I=1,N HL) CUFF 548 
91 fl 5 Izl,NA CUFF 549 

100 PRP:I 6201,TS(I),I,ZHL(I) CUFF 550 
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A FORTFA,! Iv NE,: L31) SURCF. LISTING; UFF" SU6RnUTINE 02/06/79 pAGE 0012 

101 62 frIP'iAT(5X,ITI 1,12,1 /s1-,F10,4,5X,)HLII,I2o)10,F10..4) COFF 551 
1('2. 5 c;rJ1.101: COFF 552 
103 visriT 7r2 CLIFF 

54: 104 IF(J .F::. 0 GI TO 74 
CUFF 555 JJJ.JJJ-4-1 1o5 

1u6 1F(( j,L+5)*JJJ,4P) 73,73,74 CUFF 556 

11)7 74 C9 :11',11 F CUFF 557 
G 19 9  

Ip7r,:;PAr,+1 
JJ1:1 OFF 558 

1')G CUFF 559 
%7 2',, 

M 
r4 T CUFF 560 
r(.41' 52,IPAG CUFF 561 

112 71 CUJIPWE COFF 562 
,!;:T=4113 

114 H.Ir,=1 
FF 

 
FF 

 %,LAslon 115 
FLEL. !!6 116 CALL FITIT(TS,ZHC,;!HL,NNT,C,NNC,v1.4) 

117 HC(J)_02) 

P '(. Ir 
'I..1(J)=C(3) 
2(.1)=C(4) 

CJ1FFF F 8667 
CUFF 569 

120 01_3(J)cC(5) CUFF 
5577°1 121 i1.4(J)cco) 

122 r'.1 h2 11.1,1n COFF 572 
CUFF

U 

573

57 

123 82 C(TI)co. 
6 CTiTtioE cnFF 574  

1r4 C 
126  C IN T;4IS SECTION VAPOR ENTHALPY IS READ IN AND CURVi FITTED CUFF 576 
127  C CUFF 577 
124 PRINT 66 
12? 66 Fjg4T(15X,IGIVEN VAPOR ENTHALPV 1 ,//) • 

CUFF 
74 CLIFF 557 

133 00 g J=10 COFF 570 
131 rRTAT 67,J CUFF 5 4 1  
112 r- R1W 53 CUFF 52 
133 PEAt,  2,(Ts(I),2Hv(1),1.1,NMV) CU FF 

  55:: 
lli ' 

rT. 7 1=1,NV C.  
Pt/P1-  t-3,I,TS(1),I,ZW(I) CUFFF 

F5  5 : 13t) 63 Fng 7 IAT(5x,IT( 1 ,12, 1 )= 1 ,F10.4,5x,IHVII,I2,11m#,F10.4) C  
137 7 Cco:T1',A CUFF 587 
139 IF(4 .E I. 1?) Gil TO 75  

PRI;;T 70 
CUFF 538 

139 CUFF 589 
140 JJA=JJ.14-1 CUFF 590 

COFF 

:991 

141 IF(C4014-5)*JJJ:".4,) 75,75,76 
142 76 CD"TIJE 2 ' 
143 .1,1,1=1 

CCFFFF 593 144 IP!, G=IFA7:+1 
145 PRI I! T 25'i 

CUFFF 
595 

146 pKvi. !„2,IpAG 
147 75 CoTrs:UE CUFF 597 
148 !j41 = 4 CUFF 

FF 598 149 'AC=1 
COFF 600 150 1`L/t=1.0 
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FORTRAN 

151 
152 
153 

154  

IV ("FR L3) SduRcr CUFFKH SUBROUTINE 02/06/73 

CALL FITITCTS,7HV,'AV,NNTAC,'MC,V1.4) 
.!.V,I,O=C(2) 
HvI1J)=((3) 
kve(J).c(4) 

PAGE 0013 

CUFF 601 
COFF 602 
CUFF 603 
CUFF 604 

53 !Iv-0.1)=C(5) CUFF 605 
liv4(J)=C(6) CUFF 606 

157 W 11=1,10 CUFF 607 

154 63 C(11)=0. CUFF 608 

I 59 6 CO . :TIOE CUFF 609 
I6D C CUFF 610 
161 C IN THIS SECTION COEFFICIENT OF POLYNOMIALS ARE PRINTED CUFF 611 

C CUFF 612 
16 3  CUFF 613 

164 10o c:y.ri:TIE CUFF 614 
165 JJ=1 CUFF 615 
lnn 4, k1v1- 25n CUFF 616 
167 251 F,71T(1 1 1 ) CUFF 617 
1'Q PR1,IT 52,IPAG CUFF 618 

j'9 5? i';0- ri,T(112y,IPAGF 1 ,14,//) 
IF(-IFC.'1.) 31,33,31 

CUFF 
CUFF 

619 
620 

)71 31 pkriT 10 CUFF 621 

172 30 FunmT(t GIVEN PoLYNIMILALS1,//) CUFF 622 
173 r,n Ti 34 CUFF 623 

174 33 rRriT 32 CUFF 624 

175 
176 

32 F- 0;.1•'4T(1 CURVE FITTED POLYNUMIALS10/0 
34 CC'TrwE 

CUFF 
CUFF 

625 
626 

177 P,41 1.0- 26 CUFF 627 
17!i_ 26 FC:R VAPUR LIQUID EQUILIBRIUM DATA ARE II CUFF 628 
179 1,1) CUFF 629 

1F 0  
1h1 

!=I, r+ 14 I=1 
rkiT 12,1,0(1),A1(I),A2(I),A3(1),A4(1) 

CUFF 
CUFF 

630 
631 

12 F,P'eJI, K(1,12,/),O,E15,9,1 +T*( 1,E150,1 4.744tI,E15s8,1+T*0, CUFF 632 
1;i3 1F15.44-1+ i l,E15.8,1)")))1 ) 

CUFF 633 

V.14 14 Cry' TI CUFF 634 

1E?5 JJ=JJ+1 COFF 635 
196 IFII4+ , 0*JJ-551 44,44,45 CUFF 636 
187 45 Co'jrilJE CUFF 637 

CUFF 638 

139 OFF 639 

190 PFr T T52,IpAG CUFF 640 
191 Co.:11,1UE .44 CUFF 641 

102 PRVJ 17 CUFF 642 
CUFF 643 

191 194 FF if=TT(IY' 1276 PrLYN1MIALS FOR VAPOR ENTHALPY DATA ARE 11.0) CUFF 644 
195 
196 

PRT'IT ?_9  
53 1;? I=1,h 

CUFF 
COFF 

645 
646 

197 PRINT 15,1,1.1V001,wV1(I),HV20),HV3(1),HV4(1) CUFF 647 
19F 15 FLIAT(1 hV( 1,12,')= 1,E15.6,1 +T*( 1,E1588,1 44*(1,E15.8,1“*(13 CUFF 648 
199 1E15:1,14.( 1;E15.6,1 )*T)))1 ) CUFF 649 

200 18 COTIWE COFF 650 
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A FOpTpAN 1V (VEp Ll) S"RCE L1STINGi cOFFWN SU8RnUT/NE 02/06/73 PAGE 0014 

CCIC:11FFFF 665512 

CaFFFF :55: 
COFF 655 
CUFF 656 
CUFF 657 
CUFF 658 
CUFF 659 
CUFF 660 
CUFF 661 
CUFF 662 
C{1FF

F
663 

CUFF 665 

CUFF 
CUFF6 

413 
CUFF 668 
CUFF 669. 
CUFF 670 

201 JJ=JJ+1 
202 1F((4-0,)*JJ.55) 40,49s41 
203 41 CmHTIHJE 

lf, =1PA(-4.1 
2r'5 PR1.:T 230 

')2s1PA0 2')h 

2r) .7 4n CO.  TrolE 
221 rkrIT 17 

2 

Pl1i!T 27 

2'? 27 FLPKAT( P;ILYIAL5 FOR LIQUID ENTHALPY DATA ARE 0,1) I WnM  

211 1x1,A 
212 PRT'IT 16,1,HL0(1),NL1(I),HL2(1)DHL3(I)JHL4(1) 

213 16 Fr.:i!,1*(1 HL(*)12,1 )=IsE15.3,1 +T*(IsE15.8;1 +7*(liE15,8,1 +T*(1, 
r 214 1E'.1,1 +(,,F15.6,1 )*T)))*) 

215 
216 
217 PkrJ 250. 

218 PRIiJ 52,IPAG 
219 gETUPN 
220 FU 



A FrIPTPAH IV (VER L3 i0 S1URCF LISTINGI 

1 SipRnUTI'lE /ALIO 

02/06/73 PAGE 0015 

ALLI 671 

2 C ALLI 672. 
3 C .•.'NfN FEET'IS ALL LIVID , THIS SHI)ROUTINE WILL READ IN ALLI 673 

4 C FEED CRIPPENTS ANO SET UP THE VAPIIR AND LIQUID PROFILE ALLI 674 
5 C ALLI 675 
6 CW'm7,4 TT(101),V(1(1),A0101),F020),FV(20),FX(201;A(101,20) ALLI 676 

7 C15'4"I'l  S(1 ,1120),"'"101120),R0)(1„1,20)/F(101),PREF,PR,PD/PF , ALLI 677 
8 CO -1% k';nrALT ),''CAC( )).#6CAL(2),C,Kp(20),FPRAC(20),THCONI,DCON All! 678 
9 V (.0"'N! 6 ( 1 i IA - I'7u'I'1'2,, ' /-220) $ A3(. 2c)/'A4(70 ) •"(20)'" 

ALLI 681 r 1 
Sri "+ vt,n ,,p,Toiwp, 

20),HKcoh 

TCF114'.,:4,NFP,T!!AX,TMIN'TsFCLIN,VLCONOLNP1,0,0 ALLI 680 
CN-!1 TF:EF.n,FTUD,Y.Ir P,t A TAL0,CAL0 0 T0TFL,ToTFV,T f (ETAJTRIAL 

12 co.';-tkiD(In1,2(1/RLD(101.120),ML0v(101),Dvs0L,(101.(101),F(20) 
13 CU'Ldq H1021)),H1,1(20),HL2(2(1,HL3(20),HL4(20),COPH,C(IkkoFEEDH 

ALLI 
61; 

14 (1):mi'i hvo(2:,),Hv1(20 ),Hv2(20,Hv3 (20),Hv4(20),X8(20),x0(20) ALLI 604 
 

ALLI 685 15 C CO'InN YP(7,)1 XE(20,SWILE,T6TALF A RC!1R,DCOR,DC1(20),dCJ(20) 
ALL! 686 

I; C Ffi) IS nO FLU 'r  RATE OF FL‹ OF ClcPnNENT I IN THE FEED ALLI 687  

88 

FV(I) IS r -LAL RATi: ')F F04 ComPT4ENT I IN THE VAPOR 
DnT u A PARTIALLY VAPU!,11E0 FLED 

FL (I) LS o. , LtL RAT!,  :IF FL(14 OF CrIMPW4ENT I IN THE CIOUID 

PArT or A 1.14TIALLY VAP.41/ED FEED 
TnTFL IS THIAL A'1,1t!JT OF LI001 1) IN THE FEED 
IdTP., Is THTAL 11r.WNT nF VAPOR I's! THE FEED 
T;ITALF IS Tf)Tr.L FLF=i) ( TOTFL T('TFV ) 
XF(I) IS OLLE FkliCTIll OF CU'APONENT I IN THE LIQUID 

PA;/T OF A PA ,T1ALLY VAPORIZED FEED 
VF(1) IS M-LE FRACTI.IU OF COMPONENT I IN THE VAPOR 

Pai,r i!F A SA,:TIALLY VAPORIZED FEED 

30 Parj 10 
31 1,... FUr-!AT() FEED IS ALL LIQUID 0) 
12 Tul'UF=n.0 
33 !:E.,,, t;  102,(F(I);I81,m) 
34 102 rut, AT(b0-.5) 
35 NJ 1.7,3 1.1,q 
36 ToTt,LF:PTALF+F(I) 

37 103 Cr.,"TIE 
3'3 T!,1TFL=7,!TALF 
39 rl=p(!lfp) 
40 TOTFVaus0 
41 Fe 1 I=10 
42 xE(I)oF(I)/TOTALF 

43 FX(1)10F(1) 
44 FL(T)=FX(I) 
45 Fv(!)=c,0 
46 x(1)...x01) 
47 T(1).xF(1) 

48 YF(I)=0.0 
49 1 CTIT1NoE 

50 C  

ALLI 
ALL! 
ALLI 

ALLI 
ALLI 
ALLI 
ALLI 
ALLI 
ALL! 
ALLI 
ALL! 
ALLI 
ALLI 
ALL! 
ALLI 
ALL! 
ALLI 
ALLI 
ALLI 
ALLI 
ALL! 
ALLI 
LL 710 

!11 
711 
712 

ALL!  
ALLI 714 

713 

ALL! 
715 

A 
716 

LLI 
ALLI 711,

7

ALLI 719 
ALLI 720 

1 0  
1 C 
20 C 

21 C 
22 C 
23 C 
24 C 
25 C 

27 C 
2s C 
29 C 

6S8 
689 
690 

691 
692 
693 
694 
695 

696 
697 
698 
699 
700 
701 

703 
704 
705 
706 

707 
708 
709 



89 

A FnRTRAA 

51 
52 
53 
54 
55 

1V 0/E,„1 L3r) SnURcE L/ST/NGi ALL11 • SUWUT/ME 02/06/73 

TaTT(4FP) 
F.PC,FPI 
CALL i0"LF. 
ri41,,T 29,1 

21 Ff.NolATI , FuED'FiLFOILE POINT TEMPERATURE IS ! I,F10.5,1 DEG. 

PAGE 0016 

ALL! 

ALLI 
ALLI 

P ( ) ALLI 

721
72 
723 
724 
725 

56 C ALLI 726 

57 
53 

C 
C 

Ac !pi cEYTrk::4( 1,EFCIX (!luLS/HP) 
F., i:I$11LLfrJu. (M,L5/111) 728 

 ALL1 
ALLI 

727 

59 C 11..,J Ni TT (!.rWS/HP) ALLI 729 
61 C IFFc-lv Tr mcq.ATURE uF Fun (DEG F) ALLI 730 
61 C AL LI 7 1 
62 
63 

IF(TFL1D .0. 0.0) TFEED!T 
v if  p_p(iP) 

ALL! 
ALL! 

732 
733 

64 CALLCALL!),FN 734  ALL! 
65 PP I !T 2 4 .#1' 
6' 21 '7.1.1T(1 FFED nu POI DEG. P 1 1 NT TPPERATURE IS lo 1pF10.. il /AV! 7;56 
67 P=ToTALF—D . ALLI 737 
68 C ALLI 738 
69 Ir( v LCI;4 .1, 0.0) G1 TO 27 ALL! 739 

'VI C . ALLI 740 
71 rf] 24 Isl,'.FP ALLI 741 
72 

73 24 

tL(1),T.ITALE+ALNP1 
c Il  fl'Wr.. 

ALLI 

ALLI 

742 

743 
74 '!ri,=':Fp+1 ALL! 744 
75 
76 

of') 25 Twyt4p, -.1 
A L(1)=AL 4)1 ALL!

ALL  745
7: 

77 25 CT4TI:iuE ALL! 747 

71 %A 2, 1:1111 ALLI 748 
79 vIII.AL4 01+0 ALLI 749 
80  26 CU'il_JJE ALLI 750 
r1 1L(1)=4  ALL! 751 
142 27 C;FJTAuE ALLI 752 
e3 kETUki4 ALLI 753' 
84 El'A: ALLI 754 



90 

A F ,rTRA., IV .(VER LP-) sn(IRcF CISTINni 02/06/73 PAGE 0017 

1 SUtR7UT1r•E ALLVAP ALLY 755 
2 ALLV 756 C 
3 C vHEN ELF' IS ALL VAPOR , THIS SURROUTINE WILL READ TN ALLV 757  
4 C FEED CO'WMEI4TS oVICI SET UP THE VAPOR AND LIQUID PROFILE ALLV 758 

AAAALL!VVVV ;775:6? 

5 C 
el CO‘4.0!k TT(Iel),v(IA),ALII(21),F0201.,FV(20)$FX(20);Af101•20 
7 Cr;"'.  IN 6.(1c1170)!Vsn1(1q)7,01601(101,20)4011n1),PPEF,P3,PDOPF 
6 CE,1"?.•:,  If, i/r A1.7?,01f'C41 (200dCAL(?u),GRP(WAFFRAC ( 20),7HCOUNIOCON ALLV 762 
9 cn. "1 At (70,y?),A2C2r),,a312„)/A4120/.1X(20),Vt7n),HI<CON 

01.0w! VLUP,To;' ,:,P,TC,':AM,":FP,r1 AXATMIN,T,FCCP!,VLCONAALNPI,D,8 ALLV 764 
H cu.,, ,. ,  TILf,D,Frut,s..,(.piz ,TA0,c4Lc,T0TFL,T0TFv,THETA,Tilitt. ALLV 765 
12 cfv* ..:4 , D(1,..,1,2,1),RLD( I;,,I,2 --)),OLOV(101),DV,OL,OlutA101),F(2o) ALLV 766 

13 CU"Mnil HL0.(2.) ,H1-1(2()."2(20) ,H13(20),HL4(20)ACT,PH,CrINH,FEEDH ALLV 767 
CO, I., o H''1 (2 ),wii (2 i ,),Hy,(20,Hu3t?0 ),HV4(20),X6(70),X0(20) 14 

AAAVVV 777789- 
c rylmnn yv.? ?0,xF( 2,),somLF,Ti,JALF,f1c,3R,DcnR,Dcn( 20 ),F,co( 20 15 

16 c 
ALLV 77? 
ALLY 

IV 7771 

1r C F(') IS :'UCAL RATE ilF FLII ,' nF CrloPrINENT I IN THE FEE') 

l'' C FflI) IS mILI'L 10Tr OF ELLA OF CiP1PONUAT f IN THE VAPOR 

l q  C PfsT OF IA PA:'T1ALLY V.A.POPIZEr) FEED 
20 C FL U) is ll'AJL F/J1-  -IF FLoei :',F Cht1PEV4ENT I IN THE LIQUID ALLV 774 
21 C pA,T Or 4 PA ,ITIALLY vf,P017En FEED 

th\IV 77676 22 C 'Vit.. IS T: TA luT L AiT nE LICHID IN THE FEED • 
23 C TrIF 15 "VIT ,\L A'4P1T OF VAPOR I!\ THE FEED ALLV 777 

- 24 C ToThLF 15 TLTAL FEF-0 I TrITFL + THTFV ) ALLV 778 
25 C YE(I) IS Y:LP FRACTIA r.iF C..-WPoHrT 1 IN THE LIQUID ALLV 779 
2 5  C PkqT ov a. PA7T1ALLV VADORIZEr) FEED ALLV 

VV 7784. 27 c VF(I) Is 4nLE FRCTIN! OF CO!iPilAFOT I IN THE•VAPOR 
2 1  C o4kT 0,  A ilATIALLY VAPUIZE0 FEED ALLV 762  
29 C ALLV 783 
3) PRIT 10 ALLY 784 

:: 

31 1') 10,!.!:T( , FEED IS ALL VAPOR 0) ALLV 78 5 
a2 1Th iaLP AE,O, 786 

- 33 
 

- 31 C FE(,. IS  ".LL VAPOR ALLV 787 
34 RE',0 1:,1,1t(I1,1=1,M) ALLV 788 
35 Un F.sp-.-t.T(0- 12.5) ALLV 769 
36 1171  17 1=1,;' 

 
ALLV

lV 779901 37 IT ToT.k, LF=T'TALF+F(I) 
ALLV 792 ToTFL=,).) 

39 TLOFV=T„ITALF ALLV 793 
40 '':.] 1 Ic1,1 V794 
41 YE(I)=V(I)/T:JALF lEt 795 
42 Fx(I)sF(1) ALLV 796  
43 Fv(!)=FX(1) 

AALLLLVV 7799: 
('41 44 FL(1)=0 ALLV 798 

45 v(I)2yr(I) 
46 X(I)=Y1(1) ALLV 800  

1 CipTIVE 
47 XF(1)=0 ALLV 801 
4F! 

A.AtIV/ 813 C.g 49 C 
50 TsTT(iFil) ALLV 804 



A F r-VI-IR AN Iv (vER L3") SOURCE LISTING) ALLOP SUBROUTINE 02/06/73 PAGE 0018 

51 P0mP(04FP) 
CALL DErl 
PRRT 2007 

AALLtVV 
LY 

 88% 
53 ALLV 807 

54 2? FWm.41*( 1 FEE) DEW POINT TE1PERATURE IS * oF10.5;1 DEG, F 1 ) ALLV 808 
55 C 

C Itflor CT ALLV 810 k':AL PLFL1X LS/HP) 
ALLV 8

871 7 C rISTILL! ALLV .TE tmDLR/HR/ 
 

ALLV 812 51 C CAIs/HP) 

59 C TFEE7: TFIItIc4TLI4E OF FEED PEG F) ALLV 813 
f) C ALLV 814 
61 1F(10EFD .r 0.0) TFEE0=7 Ally 815 

ALLV 816 62 Ph=rr:FR1 
ALLY 817 63 CALL 0D''''LE 

64 rtI T 2//T ALLV 818 
65 29 u7,,Tc( FEE!, PIPiBLE POI1T TEMPERATURE IS 15  1pF16,511 DEG, F 1 ) ALLV 819 

(.0cT4LF-D 66 ALLV 820 

'7 C AV 
6F; IF(vLCi!:i .'F. 0.0) GO TO 27 ALLV 812 
67 C ALLV 823 
••M !:- C 10  I=1," ALLV 824 
71 AL(1)=ALgl ALLV 825 
72 

19 Cr,"11, :t;E ALLV 826 
73 2r2 
74 V(t).hL 91 40-TOTLF ALLV 828  

75 
23 ;-j:4:-1:4%). 

ALLV 829 

ATV 888333 

76 
77 1'0 21 Tei4P.IN 
7"(T3=01'41;1+0 
79 21 COYT1wE ALLV 833 
h^ t.Li1),0 ALLV 834 
F1 27 Cfl'.11.10E ALLY 835 
P2 vETt,kA 836 
ER Fin "tftLv, 837 

91 



A FnRTAA 1V (VER (37) SoUPCF I-IST101 02/06/T3 PAGE 0019 

SUPRCTTIT:E VLMEX1 VL;IE 838 
2 C VLHE 839 

3 C 'filiFH EFF! IS PARTIALLY VAPORIZED , THIS SUBROUTINE WILL. READ IN VLHE 840 
4 C FECH)  C'mPO"ElTS. , FLASH SW1ROUTINE IS CALLED AND SETS UP VAPOR VOiE 841 

5 C to:) LINIID PROFILE VLME 842 
VLME 843 6 C , , 
VLME 844 7 CO '):''N TT( icl ) AV( lf 1 ),AL( 101),FL( 2n),FV(20),FX(20)411( 101,2n) 

8 CO..m; S(1,1020 ),Rvb(111,20 ),R0 ( 1m1/20)"(101  ),PREF0P80PD,PF 

9 Co'Mo!! RrOCAL(R0),PCAL(2,0,3CAL(W0GRP(20)0FFRAC(2(1)0THCOUN0DCON %\ifii
.
1 r4,57, 

C.L),!,,,  A,(20),;,,(2,),A, ( z,),p3(2,1- JA,(201,x(20),y(2o),HKuN 
10 
11 CO, moN VLo.vP,TuiT,P,TCON, ',:iii 0 i.FP,TmAX0TmIN0T0FCON,VLCON,ALNP100,11 VLmE 848 

12 cn",:n TFEFP,FTHLD,sim r.po  0 TALO 0 CALD0TOTFL0TOTF v 0THETA0TRIAL VLME 849 
13 Crwvill icv0(11,2().RLD(101,2o) ,UL0V(101),DV,OL,OL11 0101),E(20) VLME 850 

14 CV;v1..  mL0(2-) 0 m1.1(2,1),HL?(20,14 43(20),H14(20)000,MH0CINHAFEEDH VLME 851 
Cr'e.1 W!,(,),HVI(2,),HV,(2,),HV3(,),HV4(2)0XS(,0)0)(D(7n) 

11(t3 13855i 15 CU.:11  ; YET 2 1,00xF(2:10SOMLE0T.-iTALF,PCbR0DCOR0000(20I0PCO(200 
16 
17 C 
IP C F (I) IS -OiAL RATE !IF FLft! OF COmPrt,TNT I IN THE FEED 

:LL:EE 854 
%\./11-1.1:11::: 19 C Fv(I) IS MI LAL K,TP OE FL' ,,' 1E Crlr,POr•ENT / IN THE VAPOR 

21 C . PA'ot of' A rVTIALLY VAF6417ED FEED 
VLME 858 21 C FL(I) IS HA i. AL PT;- oF FL1! OF CrIAPuNENT t IN THE LIQUID 

22 C PAT OF A PA=TTALLY VAPORIZED FEED VLHE 859 
23 C To'TFL IS TirT!,L A -i0PNT IE LIVID IN THE FEED • VLHE 860 
24 C TOIFV IS TVIAL AW.r,;T OF VAPOR IN THE FEED VLME 861 

25 C TWIaiF Is 7)TAC TEFL) ( ToTFL + TOTEV ) VLHE 862 
25 C XE(/) I S (;.:Lt F R AcTif)N OF  covPTIENT / /N THE LIQUID VLME 863 

27 C p.4rT Hr 14 'WTIALLy Vf%),0 7 1ZET) FEED VLME 864 
23 C YE(1) IS r1'11:' FV, cTiTi OF Co"P7iNENT I IN THE VAPOR VLME 865 
29 C 2 ;1" OF A PA,,J1ALLY VAPORIZED FEED 
3n C VLME 867 
41 PRINT )0 VLME

,/ g693 32 10 F9PAT(1 FEEL) IS PARTIALLY VAPORIZED ,I) 

31 TuTALF=7,0 VLME 870 
34 ' Eird  1c50(F(I)01=10m) VLp,E 871 

35 115 PLIA,IAT(HFIc,.5) 
36 " 16 02 1.0i 
37 TI)TALF=L.Tt.I.F+F(Y) 

!t:IM! 888777! 
VLME 874 

:77: 
38 1u6 Cl+TIIE 
39 t.I.1 1 I=1 ,rl  
4J XF(I)=F(1)/TMTALF 

)V/11:4 83;7 41 3 FA( r) 2 F(1) 
42 1 Co. TRUE VLME 879 
43 C VLME 880 
44 C ALNP1 =ExTFKNAL REFLUX (MPLS/10) 

\vILL;EE :88; 

4.3 :Z4 

45 C Dm CISTILLJTE (MAS/H(4) 
46 C P=If!TT-1 (PLS/1+;) 
47 C TFEE;)11 TPHPF/ATIWE OF FEED (DEG F) 
48 C  

tsTUTALF...0 
50 Du 17 I=1,,! 

VLME 
Ng 49  

VLME 887 

92 



A 

93 

FoRTRA 

51 
52 
53 
54 
55 
56 

!V IVO 13(4) s3iRcE LI5TIhlai voExn sueRnuTINE 02/06/73 PAGE 0020 

X(!)=XF(1) VLME 888 
VLME 889 .Y(I)=XF(1) 
VLME 890 17 CO!ITI0A 

T=Ti(,FP) VLME 891 

F0=V(:!FP) VLME 892 

Ci,LL OF':' • VLME 893 

57 F:)T=T VLME 894 

53 Fi=p(,.'FP) VLME 895 

59 CALL boOPLr VLME 896 

60 
61 
62 
63 

F•lf:T VLuE 
PRVJ 2,FJT 
PpPir 3/FaT 

VolE 

1 
ME 

FI:::.4 A.T(1 FEED PBLE PO/NT TEMPERATURE IS • ',POO,' DEG, F1) 4.1 

897 
898 

899 
900 

64 2 FuomAI(f FEE() rce) POINT TEMPERATURE IS * 1,F10.5;1 DEG, F 1 ). VLME 901 

65 IFATFEF:: erQ. 0,(• ) Gfl TO 4 VL(4E 902 
66 IF(IFLE(+ .67. EDT •uR. TFFED .LT. FUT )GO TO 5 .VOIE 903 

67 rc. T1 6 VLME 904 
hA 905 

69 
70 

4 TFIFI:(F*.- T..riT)/2.o 

V 
rkii,T 7 V OE 

7 rOe :MT.( 1 FrEV TF"PERt,TOPE YAS NoT SPECIFIED AVERAGE OF DEW t 8118VL:1: 
906 
907 

71 

72 
73 

*:iLE PMIT T JF FE El, JAS US61))) 

VVL:MEE 
1•41 6 VOE 

5 Pi..1,:T F•ATFEEr) 
909 
::: 

74 ii FoAT(1 SPECIFIED FEED TE ,̀IPFRATURE m1,F10.4eb VLME 911 

75 
76 

*1 
*f,/,I 

7r(+ sPrCIFIEn T wAs `d ,T HETEEN 0046 RUBBLE POINT T oF FEED%‘/iLL4 
vi,<  t AGF- VF DE4 /". 3011 LE POINT T OF FEED WAS uSE01) 

912 
913 

77 TFEEL*(Ftj+EftT)/2.0 VLME 914 

74 6 E0-Iroic VLME 915 
79 T=IFFE0 VLME 916 

PO pF=P(NFP) VIM 917 
C VLH 918 

82 CALL FLASH VLME 919 
s3 VLME 90 

IF(VLCH .LE. 0.o) Cl) TO 27 VLME 9221 

65 C VLME 922 
8h Iatp:;FP VLmE 923 
87 tL(I)=AL'oPl+TJTFL VLHE 924 

Fq VtI)=AL(I)-S 
VO
VimE 

28 Ctyll E 926 

9n VLME 927 
91 
92 

24 /.7 pf.p.
0 VINE 

AL(I)=AC.P1 VLME 
928 
929 

93 ‘.1 01=V ( iFP)+TaFV VIME 930 
94 29 CLI, TIOE VLME 931 

95 AL(1)a8 VLME 932 
e)6 
97 

VLHE 27 cfrIWE 
RET0d VOE 

933 
934 

98 ENO VLME 935 



91+ 

A FoRTRA\I IV (I,FR L36) SOURCF CIST/NOi 02/06/73 PAGE 0021 

1 SUP41UTIE FLASH FLAS 936 

B71 
2 C 
3 C THIS SuV.007IiIE HILL On FLASH CALCULATIONS BY HOLLANDS MF74100 NA 
4 C (":11 iLTICO4WINENT DISTILLATION" BY C. 0, HOLLAND PAr,E  22) FLAS 939 

FLAS
F 3ti 6 

C 
c,/,,,,, TT(Iol),* Vtic11,AL(1n1),FL1201,FV(20),FX1201;A(In1,20) 

7 cil, .1,‘; 5(1-1,23),RvAt101,2u1,RLO(101,20),P11011,PPFF,P,PD,FF . FLAS

FL 

::24

. 

 
R CPM ,'l4 N RAL(23),CAL(2.1,'eCAL(20),GRP(20),FFRAC(20)ATHCOUWOCON FLAS 943 

. 9 CU' ,1. k,( 2,1,A1(2,) ),A?(20 ,0 1,A3120A4(29),X( 20),Yt201,HKCON 
Cn-4 11 Vitv,ToisnPITCrN,,.,x,NFP,PtAX,Tfitu,T,FC0rIVLCON,ALHP1,008 ;Ln zt

,
:g 

In 
II Ctph, J,,1 TrEf“),FToLn,SJ'10 0- ,TALO,CALD,TOTFL,TOTFVITHETA,TRIAL 

12 Cn , n1,1,4 i0;0(1c1,2(1,KL0(111,2,-0,01Dv(100 ,0V,OL,QL1)0101) ,F(20 1 FLAS

FLA 947 3 ril"" HLot2-0,A1(2 ) ,HL?(2(,),H1.1(2o),HL4(20),Cn,1RH,CONHAFEEOH FLAS 948 
1 (u!...A1-,' 44 -,=0(2 ,),d11(2,),HV(2n)/r03(2 ),HV4(2,0/XR(0),XD(261) 
14 

CIF"li YV( 20 ),XF(20 ) ;SUILFrT1TALF,BCnR,DCOR,DC0(20,1C0(20) FLAS 
15 FLAS 95° 1,,; C 951 

txx=-6 
la TiL=W.'))**IxX 
19 14:,x=15.1) 
V)  
21 
22 C 
23 C 
24 C 
25 

cn, J.,0.:1 
SWF.10.0 

PiiAl,L/F 

PHP,1=10 
25 1 s•W', =.: 1 
? -7 CS 't='}.0 
2 A vU 2 1=1,M 
29 '4(...v.(2)+T*11,111)+70A2(1)+T*143(I ) 4.441t1iT))) 
3n AK=t,,*(t'-El:/PF) 
31 YF(T)=)Ft1)/(1.0..P4'AI*(1.0...1.0/AK)) , .. 
32 St., :s!..kT(1)(1.0-1.0/AK)1/1(1.0-PHAI*11.0,+1.0/4,0)**2i 
31 SO'mcii-+YF(1) 
34 2 ,s6 . " !=s- l'+ ,-.;;sum FLAS 969  
35 FP ,c,i= so• -I .n 
36 IF(Stro,4,1)-TOL) 3,3,22 
37 22 PHI 1=0 A1-TPrAI/PsnM 
34 C 
39 CT,,IT=CInT+1.0 
4n IFtc ,,T AMAX) Go To 15 irw. 
41 (.0 TL' 1 
4? 15 Cw;TV:UE  
43 7OL.TUL#10. 
44 
45 

COHT=0,10 
O *r G: 1  

45 C 
47 3 CVTrii., E 
48 TrI1FL=TUTALF*PHAT 
49 THIi'Va O.  T;77ALF-T,FL 
50 !!) 4 I=1,H 

FFIL:AASS . 9955: 

FLAS

FFL 999556295 

FLAB 955 
FLAS 956 
FLAS 957 
FLAS 958 

FLAS 960 
FLAS 961 
FLAs 962 
F

LAS 963 
FLAS 964 

FLAS 966 
FL AS

AS 968 
 967 

FLAS  

U 97012 
FLAS 973 
FLAS 974 
FLAG 975 
PLO 976 
FLAS 977 
FLAS 978 

FLAS 99? 
980 

FLAS 982 
FLAS 

igt3t 
FLAS 985 
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A FnPT8 A4  IV (vEP L3M) SilURC7 LIST1NGi FLASH SUOOUTINE 02/06/73 PAGE 0022 

51 AK=Ao(!)+T*(A1(1)+T*(42(1)+T*(A3(1)+A4(1)*T))) FLAS 986 

52 .1K:AK*(P,, cr/PF) FLAS 987 

53 xf,(1)=0(1)/1.K FLAS 988 

54 FL(1)=T0TFL*xF(I) FLAS 989 

55 Fv(I)=T(JFv*YF(I) FLAS 990 
56 4 CWYTI'WE . FLAS 991 

57 kETuPt. FLAS 992 
58 EN;. FLAS 993 
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A FP'I TAN IV CAR OF./ SnuRCE LISTING( 02/06/73 PAGE 0023 

1 stoRnuri! E AAN05 AAND 994 

2 C AAND 995 
3 C THIS SC6:InJTPITE WILL CALCULATE A (AIISORPTION FACTnRS)AND AAND 996 

4 C SISTIPP1mG FACT-)RS) F`-'!R ALL CtImPONENTS UN EACH TRAY AAND 997

:) 
5 C 
6 cn-:,, A', TT(101I/V(11)/AL(101)/FL(20),FV(20), :X .(20);A(101,120) 

7 CTT1A S(i.)1920)/RVB(Inve)/R1.8(101,20)/P(I01)/PREF/PRsPDAPF 

El 

AAND11000 

Cri!,;411  zThrAL(201/nCALI291,04CAL(20) , r1RP(201oFF R AC(20) ,THCOUNADCOm WID001 
q CU-tt.c1 4'1i20),A1(2., ),42(20)/A3(20)0A4(20)/X(20)/02())/HKCOM AANL)1002 

10 CA,, mor4 VLWA:P,T;)trP / TC;ANA/M/:1FP/P, AX,TmIN/T/FCW!,V1.CON/ALNP1/0/9 AAND1003 

11 C:LTr4 TFE(.7.'/ FT1112.,5•1"nP'j- /TALD/CtiLD/Tr)TFL/TnTFV.ITHETA,TRIAL AA'401004 

AAOD).006 
12 Call,11,; kv0(1';1/2c)/RLD(1(.1/20)/OLDV(101)/DV/DL/131.101)/F(20) 

AAAAAAAA 

13 Ciirm l'1 
co_ r:A 

HL0C2)/HLI(2:-1),H1-2(2)).0413(20) pHL4(20)/CnNRHACCINHAFEEDH 

14 H:n(2)'"IT)/ H'I(W°3(p)./ H\1 4(28)""70I A XD(27) 
C[W'4.',4 YO 2C1/XF( 2n 'iSUml / 1 TALF / i, R/DCUR, CO( 20 i/BC11( 20 

AAND 
15 C 1008 

17 6 jr.t: 

1 ti 1 CO-TFAI 1E 

19 T aTT(J) 

2n 
2 1 ,,, t(=C;(0+T4(t1(1)+T*(A2(/)+T*(43(/ ) +A4(1)01)) 
22 4k.=f0qPq7J/P(J)/ 
23 
24 h 

t, (.1/1)=AL(A)/(V(J)*AK)  
F,1,-.,-AT(1 A( 1 / 12/ 1 / 1 ,12/()= 1 0F1o.5) 

25 2 Cr) JI:NIJE 
26 J=J-1 AA  
27  IF( J-t.FP)1/3/I 

2i C 
24  
3:1 1t:riTME 
31 !F4 I:1/M . 

32 ntcmt,)(I)+T*IA1.(I)+T*CA2(I)+T*IA3(I)+44(1)*T)/) 

11 !,:tc.:t.ic*(PPFF/PIJI) 
14 s(J,1)=0/(J)/ALIJI)*AK 
35 7 FT7,!-Ttt 5( 1 ,12, 1 ,1 ,12,))=1 ,F10.5/ 
3f) 4 CT- TI - AUE 
37 J =J-1 A4DI030  

'3S IF(J) 5,5,3 

39 
40 

5 Cir .JTWE. 
kETuRA 

41 ENP - 

441101016
AA,1 

AAND1011 

::1:1: 

AAND1012 

AA, JP1014 

AIT11: 
AA 

AAND1020 
AAND1021 
AANDIOZ2 
AAN01023 
AAND1024 

A=:: A tkA 
AAN01027 

1 0 J1 A)0100:: 
A 
AAND1031 
AAND 1032 
AAND1033 

'AAND1034 



21 
22 
2.1 
24 
25 

C 
C 
C 

;LD AM) lz\in CALCULATED EPR EACH COMPONENT ON TRAY 

T=TTrI41) 
DJ 32 1=1!' 

25 PC=A0( I)+T*IA1(I)+T*IA2(1)+T*(A3(1)+A4(1)4(T))) 
27 AK=LK*(Pi'Ff-/P((;+1)) - 

2P RL;('+1,I).ALAPIA(OL+DV*AK) 
29 PL't-,1)=AC!, /*(Pt0("4.1$0+10) 
3') PV7'(AI)=RLD(.44.1.51)+1•0 

31 32 Ci:P,TrThE 
32 C 
33 C STTI::() FtliO TOP TO THE FEED TRAY +1 

34 C “Pr.i.;1%S THE TRAY FRO9 MiTTOM UP 
35 4=''.-.1 
36 IF(4-,FP) 36,36,33 

37 33 CU:!Tr4PE 
39 ')!.1 34 I=1,(^ 
39 RV'(4,I)=1..0+A(44-1.1I)*RVO(J+1,I) 

40 FL)(j,T)=A(4,1)*(KLO(J+1,041,0) 
41 34 crLi11'iUE 

42 4=4-1 
43 IF(j-AFP) 35,35,33 

44 35 COHTIN'IE 
45 36 CO'jINUE 
46 RETUPA 
47 END 

RECT1056 
PECT1o57 
REcT1058 

ITT11°):90 
RECT1061 
RECTIoka 

1$11g1 

fTTIT, 

RRECCTIO:78 
RECT1069 
RECT1070 
RECT1071 
RECT1072 
RECT1073 
RECT1074 

:EECCTTII°071: 

IRIEECCTTI°0;78 
RECT1079 

::CCTT= 
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A FORTRAN IV IYER L3R) SOURCF CISTINCI 02/0073 PAGE 0024 

1 SLIC,R -l'ilIlE RFCTF RECT1035 

2 C 
RECT1016 

3 C THIS 506;. U , TINE OILL CALCULATE v/D AND L/D IN RECTIFYING SECTION RECT1037 

4 C RECT103$ 

5 CO'')" TTIIMA;V(P,1),AL(101),FL(20 ),FY(20),FX(20);A(101,20) 
VECCIT113490 6 CC.j.4.; S(1.4120"VB(101/20),RLB

( 101$20)+P(101 LerOIFFPRB,RD,PF 

7 OrliCAL(20),DCAL(20),bCAL(70),GRRI20/,FFRACt20),THCOUN,DCON RECT1042RECI1 

R CLP;41-1 A0(2(;),A1(2),A2(2e),A3(20),A4(20),X(20)/Y(20)$HKCON 
9 CT,q1 04 Vtivr9,Temr,TCON,,miNFPATHAX0TMINJT,FCON,VLCON,ALNR100,R rECJI.100 4 3 : • 

10 CO'W.i 1rE1 .6.oFT;ILDASJMC, PL s TALD,CALD,TOTFL,TOTF0THETWRIAL 

11 ur i”.1:1 RVO(1')1,2+1,RLD(11,2(,),OLDV(101),DYAOL$CILh0101/sF(20) RECT1045 

12 CO-"ill OL0(2j),HLI(23),HL2(2c),HL3(20),HL4(20),CONRH,CONH,FEEDH Fiiiii00044:ii 

C 1"1.1  '4V0(2'0,HVO2n).0-01 2(20) ,HV3(20) ,HV4(2Q) ,XPLWAXD(20) 
13 CWWL: YE(20),XF(2,3);SWILF,THTALE,BCOR,DCOR,UCD(20 ,EICU(20) 14 RECT1049 
15 C 
1S C F\O = V/!" tr; RV, m L/D 

::TT:::: 
17 C J IS ':t,'IaEi" 'IF TI+Ay RECT1051 

1P C I IS rwl,E, rF crmFDAENT 
RECT1053 

19 C ili'ST 5U'SCKIPT PEPPS TO THE TRAY & SECOND SUBSCRIPT 
20•C ;, rEs TO CWIPJNENT RECT1054 

• 



A FURTRAN IV (VER Lap) SOURCE LISTING] 02/06/73 PAGE 0025  

STRI1082 1 SW:RIUTIE STR1PP 
STRI1083 2 C 

3 C • THIS SH3RPOTInE .FILL CALCULATE V/B AND L/B IN STRIPPING SECTION STRI1084 
4 C 
5 CnlmnA TT(101),V(1A),AL(101),FL(20),FV(20),FX(20);A(101,20) STRI1086 

STRII°117 6 101),PREF,PS,PD,PF 
7 

Cl"" "r112'))'""pl'iu""lr)1'W,P( 
r11- ,20 ."ICAL(2n),CfPC21),FFRAC(20),THCOUN,DCON STRII088 
CE!'”:' 4- , (70),A1 (2!),A? (-p), A3 (2r IA A4 (70 ),X (20 ),Y(2.0 );HKCON STR11089 

. Vt.pP,T,,,0,TCN,i,..9;4,FP,T,IAX,TmiN/TsFCONIVLCON,ALNP1,D,F1 ;411009901 
10 IFFP1,FT6LOASAMG A TALD,C4LO,TOTFL,TnTFv1 TPETA,TPI4L 

11 Fo-Dt li".1/2n)ARLLi(14,2)),ULDV(101),DV,01$(11-fll(101),F(20) STR11092 

12 HL0(2,),HLI(20)"2(2r. 
cn!pc,0 

),HL3(20 20),HL4( ),Cr-HRH,C0f1H0FEEOH STR11093 - 

13  4 YF

24,XF(2(l2).00.12(2r,),Hv3(20),HV4(20),XR(201,X0(20) 
'L;SUILF,TATALF JOCnR,DC0R0DCn(201,RCO(20) 

STRI1094 

FIVTIM 15 
15 tzu, vx, r.V  t = ..//8 STPI1097 
17 C Su -sSRI,IPT kEEC5 Tn THE TRAY A SECOND SUBSCRIPT STRI1098 

11 C PEFF-S In CVNJNENT STRI1099 

1 C STRI1100 9  
20 C srmurv;G Frr:n ADTTnti UP (TRAY 41)i STRI1101 

21 C STR11102 
22 !,11 3, I=1,e STRI1103 
23 PLP(1,)1=1.0 51PI1104  
24 r00(1,1).RLR(1;1)*S(1,1) STRI1105 

25 RLI( 2,1)=1.c,+S(1,I) 

;ITTPPRIM 
26 Oti'(2,0=s(2,0(Rv8(1,04.1.0) 
27 3f Cil'T( 
2R C STRI1109 

24  C FR! STAE 3 UP TO THE FEE')TRAY STPI1110 
3n C STR11111 
31 J=3 STRI1112 
32 sTR11113 
33 IF(J-6P11 37,39,39 51R11114 
14 37 cr,..411E STKI1115 

STP11116 35 t`.11=1,0 
36 PIJ(J,I).1.0+S(J-1,1)#R1P(J...101) STRI1117 

17 RV,-(i,))=S(J,1)*(1,v8(J-1,1)+1.0) STR11118  
R 3= s

.
ti1

.1.
11-HE STR11119 

29  STRI1120 
40 IF(.1.%PF) 37,39,39 STRI1121 
41 39 CW:TF,UE STPI1122 

STRI1123 
43 STRII124 
42 kETU4N 

Usli) 

98 



A FORTPAsi Iv (VEk L3P.) snocr LISTINGi OCALL SUBROUTINE 02/06/73 PAGE 0026 

1 SU;W1 JTI,E DCALL(*) 
2 C 

DCAL1125 
DCAL1126 

3 C THIS SldlilliTlf4E TS USED Tn CALCULATE DISTILLATE RATE DCAL1127  
4 C DCAL1128 
5 (Erl.'N TT(1G1),V(11),AL(191),F020),FV(20),FX120);AC101,20) DCAL1129 

6 ro"fin 5(1.1,24 ),ovi(ini,?..,),PLo(ini,20),P(Ini),PREF,Pa,pp,pF DcAL1130 
. 7 r,,.,,, ,, 1,y,or At (? 0 ), 1Cf1-(2)),13CAL(20,0GRP(20),FFRAC(20),TIACIJUNPOCnN ocA141.31 R cl-!., fl( 7 c),A02(.),A2(20),3(2(J),A4(20),x(20),Y(20),HKc0N ocAL1132 
9 C1.1 0'J VLD!,!,, r,T1,,TCcI,N,1,NFP,Tr, Ax,TmIN,T,FC0N,VLCONI,ALN'P1,D,B n

o

CcA

A

LL11::: 
1- 10 CI- C TFEFD,FTLItri,(]pd ,Tf,,LD,CALD,TOTFL,TOTF0THEIA,TPIAL DCAL1134 

11 cw,m 7;, Rvo(iT1,2.., ),Ro o tici,20),pov(iol),Dv,DL,C(Iol),Ftzo) 
C(),  r;, Ht_p(2:,) ,0L1(2 ,7) ,Y1-2(20) ,HL3(2o) ,HL4(20) ,cm,11 H,c 0 NP,FEEoH 0CAL1136 12 

1 4 cc try IA r0, 0 ( vA,V1( 2,),HV2(2 u )pHV3( 2 0 ),HVO ao) A XR ( 20),XD( 20) 

14 C011..1,1 YE( 2 j),YE(2.:),SWILF,T7)TALF A P.COK,DCORADC0(20).0C0(20) 
15 C 

gl. g 'll 16 C PPJ'CALit',/D CtLCUIATEP 
17 C 
1F' IF(T:t1t1-5.01 1C,,If.),11 Egt11:41 
0 tr,, TXX:-TRIAL DCALII43 
V;) B=14'; E 
21 TALE, 15 2 I5TTLLATE T1LERACE wH1CH COULD BE CHANGED 
22 C TTrIO IS Fif!L DISTILLATE TOLERAPCE (MUST CONVERGE ON FTOLD) DCALI146 
23 C DCAL1147 
24 TA10:(10.0)**IxX DCAL1148 

25 GD T,; 12 . 
26 11 TALD=FTPLU 
27 12 CYJr:uE 
24 C Ot. !, T ,,..0.0  

29 Af.X.15.3 
DP-L'LlIg 

30 SIWRM=3.0 
DCAL1153 
ocAL1154 

31 caLn=fi.0 5 
cAL.. IT:11155: 32 ouo  

33 THETA=1.0 
34 C 

DcAL1157 
DchL115B 

35 0:1 19 I=1, DCAL1159 
36 RBPCJ.L(I).(RintNFP+1,I)+IFL(I)/FX(I)))/IRVBTNFRAWFV(/)/RX(I))) DCAL1160 
37 Sw'Ro=srl!.+Ror,c3L(11 DcAL1161 
3b PC-L(1) 8 rX(1)/(1.0+0 0cAL(/)*THETA) 
39 PC ,AL(1).Pbc4L(I)*ocAL(1)*THETA DCLA1 At162 *  63 
4:.) CALE:=EcAL(1).1-cALO DCAL1164 

ti 
CALB=brAL(11+GALB 

39 c0111:0E 
DCAL1165 

::AALL:::: 
43 pBJ:41-  21,CALD,THFTA DCAL1167 
44 21 FOR AT(, CALCULATED DmIsF100,1 FUR THETA a l,F5.21 
45 FIEFF=CALI:—D DCAL1169 
46 C 
47 • IF(40S(OFFF)-FTOLD) 51,51,40 
48 4') Crill:liE 

TAAt11:111Cli 49 THCCW4.0.0 
DcAL1174 50 THETAr',n 

99 



100 

A FHP TRA4 Ty tvEP 13n) SfluRCE CISTINGI DCALL S UR"UTINE 02/06/73 

51 2 sw1frAm0.0 
52 "C;1q =0.0 
5? 
54 r.!.1 4 Iclin 
55 OC,)(I)JX(Y)/(1.0+14 8r;C4L(I)*THETA) 

56 OC"(()=,c.00AL(I)*000(1)*THETA 

PAGE 0027 

DCAL1175 
DCAL1176 
DCAL1177 
DCAL1178 
DCAL1179 
DCALIISO 

57 4=0Ci1( )+!sCriR  DCAL1101 
51 T.=GCLI4.?Cn(I) DCAL1182 
59 (RP(1)=-(8,, CCAL(!)*FX(!))/((1,0+THETAIOBOCAL(I1)**2) OcAL1183 
6o SI1-(,;,k...SPK.4.GRp(1) DCAL1184 
61 4 rrY. TT , iija DcAL1185 
62 GTiLTA=O-DcOR DCAL1186 
63 C DCAL1187 
64 IF(11'.,S(GTMTA)-TALD) 5,5,3 OCAL1188 
65 3 CrITIvA2E DCAL1189 
66 THETC.=THrTA"(DCUR-0)/SUM6PR DcALI190 
67 DrAL1191 
68 cF

rFoIrsc ulftit+1.0 
CU "1" • F-')• • AMAX) GD TV 15 DCAL1192 

69 2  DCAL1193 
70 13 TALb.TALP*10/0 DCAL1194 
71 Cpl!'J.00 DCAL1195 
72 
73 C 

GU TJ 2 DCAL1196 
OCAL1197 

74 5 CTIINOE DCAL1198 
75 
76 

PRIT 66/DCOPATHFTA,0 
66 Fr_peAT(1 D CUF.RECTED .),F10.5,1 THETA •1,1'10.50 1 . 0 SPEC 8  

DCAL1199 
laDCAL1200 

77 1F1".5,/),/)  OCAL1201 
1F(TTA) P,G,7 OCALI2O2 

79 7 CTiT1.41E DCAL1203 
h') 10 l'r! 90 DCAL1204 
61 4 r...171 .:LE DCAL1205 
62 Ppv,T 41/THETA DCAL1206 
83 41 rmr!IfJ(3Y/10HTHETA IS •,P10.5) DCAL1207 
84 99cf DCAL1208 
85 51 CiPTI:oiE DCAL1209 
86 f;1 5? DCAL1210 
F7 OC'1(1)=OCAL(1) DCALI211 
BA PCH(1)=,1CA01) DCAL1212 
89 52 U.);.TIoUE OCAL1213 
90 rCYP:CALD DCAL1214 
91 BC6R=CALB _ ocAl1215 
92 THcCim,1/04.THCnUN DCAL1216 
93 IF(T,iCLUN..2.0) 90,999,999 DCAL1217 
144 
95 

999 CONTINUE 
IF(O(TrJ .LE. 0'.0) V01+1/2,000R 

DCAL1218 
DCAL1219 

96 C TW;,1 PriAsF. nisTILLATE IS NoT IPERATTONAL DcAL1220 
97 
9F 

C 
C.  

ALL vApok DISTILLATE WILL BE USED DcAL1221 
DCAL1222 

99 C PETU4;4 1 I. WISED F:1R FINAL RETURN WITH A CDNVERGED CASE DR DCAL1223 
10 ;) C  i,HE' THETA IS NEGATIVE DCAL1224 



101 

A FTITRA"! Iv 

101 
102 90 
103 

(vEq L34) SfJURCE LISTING! DCALL SUBROUTINE 02/06/73 

PETURN 1 
CUNTINNE 
IFfOCO:i .LE. 0".0) V(1+1),,DCUR 

PAGE 0028. 

gir! ic4 C 
05 C 

1•,!' PHASE OIST/LIATE IS FLT CPERATITNAL , 
ALL 'vAPOR DISTILLATE ',,ILL aE USED DCAL I229 

105 
107 

RETVIN 
END 0CAL1231  

DCAL1230 



102 

, A rjP TRAI : IV (\'E44 L39/ S,JuRCF fISTIMGi PACE 0029 02/06/73  

1 StPRrIOTFIE Tr4PRT TEMP1232 

2 C TE'IP1233 
3 C THIS Stol , TIJE ALL CALCULATE LIDUID.VAP0R RATE , 

4 C AP!) TEPERATURE 0 TEMPI235F EAC'A TRAY - 

5 C TE1P1236 

• 6 Cfrv.riN TT(101),V(1:1),AL(101),FL(2o)*FV(201*FX(2n1;A(101,20) TEmP1237 

7 Co:, ) S_( 1 ,1,2:)),kv6(1.,1,20),RLB(In1,20 ),R(101),PREF,Pk,po0RF TE ,,P1238 
n Cy,1  RNDcAL120) A rCAC(20,,i1CAL(2 0 ),GRP(2010FFRAC(20),THCOuN,DCON TEhP1239 

9 civt,19 A .,A2(.)),A1(210,A,(2(1),A3(2', ),A4(?0),X(20),Y( 2 0),HkcoN . TFT1240 

1C, c9",1 "4 vi„,e..mp,T,I A v p,TChN,'.,,m,rFp,TK.AxoTmIN/T,FC01,VLCoN,Ap;P1on,B 144122:12. 
11 crrYloq TFLE0,FTULD,SOMGPR ,TALO,CALD,TOTEL J TOTEviTHETA,TRIAL 

12 CII'lt-tttl 4 0 t VI; 2e htRt-ri(1(.4,20) ,OLCIV( 101 )00V,OLPOL:A.(101 ).. F In/ TEt•P1243 

13 
CLwifti):4 Ht,,t2 2 ),HLI(2 0 )/HL2(21),HL1(2 0 ),HL4(20)/Cn'IRH0CMH0EEEOH TEtP 

TEmP 6 

• - - • . • 1122444 
coi',;ITi r-Iv(2),i01 (2),Iiv2 (20),iiv3(2o),Hy4(2o),V1( 2 0,m)(20) TEmP 

V; Cci:-,00!' YFI20),XFI(,),SU F rIL *IiiiMLFIRC1R,DCOR*DC0(201.7[X0(20) 
16 C 

sTURE 
TEmP1247 

v.(v/F1) TEmP1248 

1245 

17 C L-ILPO*R USE STGRAC,E AREA OF RLB E PVB Tn 
e  C ci.P. 0!IETIAL INTERNAL FLOW RATES TEMP 2 49 

:p1251 

r124 
19 C TEH 260 
20 C FP.1.4 3i4TTW% TI)ToE FEED TRAY TE4 
21 C TEMP1282 
22 nn 43 J=1,%FP TEm1,1253 
23 V(J)=0 0 - TEAP1254 
24 rL(J)=6.0 7E0)1255 

25 Pr7 42 Jul,'TE: 4 P1256 
26 I- Li (.1, I ) KLF*1 (J-4 1 )*PCII(I) 

122:87 27 c,V -I(J,I)=RV6IJ,I,*!ICO(I) TTEg 
2R YIJ7=V(J)+PV2(J,I) TriP1259 
29 AL(J) = AL(J) + LB(J11) TEmP1260 

30 42 C"Tr!(1E l  TEmP1261 
31 43 cir.71,,, HE TEMP1262 
32 C TEttP1263 

6: 33 C FRI,  FrE. n TkAy Tri THE cneNsER-DISTILLATE DRUM 
34 C v=('1/11;k0 C Lx(L/0)*0 USING STORAGE AREA OF RVDERCD • TEmP1265 

35 C TEmP1266 
36 ,T'i='4Fil+1 
37 no 45 J=t•C',,,N R31226611 
38 V(d)=0.0 TEmP1269  
39 AL(J)=0,o TEmP1270  

nn 44 Imlin 40 TWM I 41 R\C(J,I)=Rv0001)*000(1) 
42 FL ,, (J,1)=Ft0(J.91)*DCO(I) TEMP1273 
43 v(J)=V(J)+p\rO(J,I) TEmP1274 
44 4L(J)=ALIJ)+1.0 (J,I) 

•TTEE;IPP11:7756 

TE311;71 
45 44 cwTrimE 
46 45 Co!'!TitiE 
47 C 

4S C ComviNFNT !I L EV IS STORED IN AREA OF RLR , RVB ; RVD OLD TEMP1279 
49 C )4(1),V;4.(JAI)/L(J) Y(I)=RVR(j*I1/V(J) TEMP1260 

• TEmP1281 50 C x(1)301(1)/sUM rF LIQUID Y(1)•V(I)/SUM oF VAPOR 



103 

A FoRTRAt. 

51 C 
52 C 
53 C 
54 C 

IV (VEK L3:1) SrURCE CISTINGI TEMPRT sURRoUTINE 02/06/73 

IEPERATiRE FALCILATION 
ALC'1LE P:IJ IA STPIPPING SECITIM1 

55 PD 47 
66 r,0 4', 1 21,r 
57 x(!).=vLEItJ,I)/At(J) 

5P 46 Criiir,I;E 
59 T=TT(J) 
6n PR:V(J) 

CALL 604'F 
f61 

1. 
 1T(J)=TI(J)+((T...TT(j))/TnA(1P) 

63 47 cD - ;TI'l!E 
64 C 
65 C PDINT TM RECTIFYING SECTION 
66 C 
67 1)3 49 4111C",'4 

68 PO 40 1 21, 
69 Y(I) , VD(J,1)/V(.1) 
71 41 Co"TIVE 
71 101 C.m -TriuE 
72 1.1I(J) 

71 PlaP(J) 

74 CALL 9fW 
75 T7(J)=TT(J)4.t(T."TT(J))/TEIA") 
76 49 rT.TI:10E 
77 T.TT(J) 
73 C 
79 C TE TEATI.Rr nF DISTILLATE 
p' C 
81 Ir(oCJ.0 1;2,3 
r, 
1 

1 

54 Y())=000(1)/DCOR 
65 5 CT•T110.5 
56 rbmi,(,+1) 

f?7 CALL OE'6 
51 Gj i' 4 
F9 7 r.ili TM 1 
90 C 0riTTL1ATE olv FLASH wITH FIXED TEMPERATURE 
91 C THIS ,IPTILIK. HoT (,EEPATIONAL ALL VAPOR DISTILLATE WILL BE USED 
92 3 Cir•TIAuE 
93 'M 63 1=1,m 
94 x())=0CulI1/0CrIR 
95 63 CC::71 -wE 
96 Pb.o(i,+1)  
97 CALL ',1 htioLF 
93 4 Co'llHE 
99 TT(J),TT(J)+C(T.,TT(J))/TVAMP) 

100 uETur—i 

PAGE 0030 

TEMP12P2 
TEmP1283 
TE"P1284 
TE'4P12R5 
TE:IP12116 
TEmP1217 
TEmPl2S8 
TEmP12E9 
TEMP1290 
TEhP1291 
TF1P1292 
TEmP1293 
TEMP1294 
TEt41295 
TEmPI296 
TEMP1297 
TEMP1296 
TEmP1299 
TEMP1300 
TEmPI301 
TEMPI:302 
TEmP1303 
TEMP1304 
TEmPI305 
TEMP1306 
TEmP1307 
TEMP1306 
TEmP1309 
TEmP1310 
TEMP1311 
TEhPI312 
TE 113 mP
EmP1314 
TEMPI315 
7Emp1316 
TEmP1317 
TEMP1318 
TEMP1319 
TEMPI320 
TEmP1321 
TEMP1322 
TEmP1323 
TEmP1324 
TEmP1325 
TEMP1326 
TEMP 1327 
TE0P1328 
TEMP1329 
TEmP1330 
TEMP1331 



101+ 

A pORTPA"1 1v (VER L33) SquRCE EIST1NGi TEHpRT SuRRDuT1NE 02/06/73 PACE 0031 

101 END TEMP1332 



A 

105 

FnPTRAN IV lvE 4 L38/ $ tu(CE LISTING1 02/06/73 PAGE 0032 

1 SkPRHUTI E DAIPE DAMP1333 
2 C DArP1334 
3 C THIS St'LwOJT1A ALL nAmP vAPoR t LIQUID RATE Alin HELP STOP DAHP1335 
4 
5 

c 

C 
OSC/LLATIoN DAB' P1336 

neP1337 
6 C.111 1.i frOol)Jv(iol),AL(101),FL(2o),FV(20),FX(2o);A(101,20) PAS PI338 
7 cn -c, s(1-1,20),Rvii(101,2r)),KLo(101,2o),p(iol),PRTF,P1,Pn,PF DAmP1339 
e co-L. Pi R brtL(20)AnCAL(20),CAL(20),t7o0/?0),FFRAC(20),THCOUN,DCDN nA W1340 
9 cl..m_j 4(7G),Alt?,:0,A2(2:)),%0(2C1,A4(20),X(20),Y(20),HKCON 0A"P1341 

10 cj:.;,ni. vi_(!P,TDAJP,TC,IN,,AAPFPAT,,AX,TMIN/T/FCCV,I,VLCON,ALNPloph DAHP1342 
11 (1-o,:k IrLr;),FIAr),S. ;HGPII A TAL,CALO,Tn7F LiTOTFv,THETAITPIAL uA"P1343 
12 Cloi.wN 4.11)(11,2':),RLD(l'oloa)/pULDv/101/sOViDLAJLML(101),F(20) DAHP1344 

13 CIlm.". . 110/2 t ,),HLI(2(:),A2(2,),,H1,3(20),HL4(20)$CH%RH.CoNk,FEEDH DA"P1345 
14 (:j!.. H/02,0,Hvi(2,-,),HV7(2.-),MV3/20,Hv4( 20)/00( 20),YD( 20) rtT1346 
1 5  CL1"11.1 YF(70),XF(?r)),SUMLF,TITALF,DCOR,DCOR,DC,9(2C),bCUC20/ DAMP1347 
1,,  C 0414'1348 
17 C LIIIT i-,F F1,-1„. RATE CHA:4Ei DAHP1349 
1;t C T;;IAL l'AXIMUM VAPMR & LIQUID RATE CHAMGE DA'iP1350 
19 C 3_7 20% DArP1351 
20 C 3-12 10% DAmP1352 
21 C 13-17 5% DAHP1353 
2?. C 1R+ 2: CAHP1354 
23 C AHP1355 
24 /F(TkiItL-7.0) 1,1,2 DAHP1356 
25 1 Tav=o.2 DAmP1357 
2" t' ,.) T!' 7 DA!IP1158 
27 2 1FtTiAIAL-12.0) 3,3,4 DAMP1359 

2 , 3 Toi_v=0.1 DArP1360 
2".; (,,,..1 Y;; 7 DAmP1361 
30 4 TF(/'Att.-17.0) 5,5,6 DAMP1362 
31 5 T ai  DAHP1363 
32 (.i) r 7 DAMP1364 
33 6 7:;14=3.0? DAMP1365 
34 
35 

7 , T,T1!:0E 
-':1 1(: I=1, 

DAmP1366 
DAMP1367 

16 P,irVrAv(i)—riLnV(!))/r1LOV(1) DAMP 1368 
37 IF(4 , 11.— Fi.- )—TrILY) 9,9,8 DAMP1369 
33 3 V(1)=Alq())+517OLV*OLDV(I),POEF) DAMP1370 
?9 9 Pi_vC1)= .-'(7) DAMP1371 
40 pOrL=IAL(1)-LDL(I))/0LDL(I) DAmp1372 
41 IF/A3S0' - FL)-THLv)11,11,12 DAPP1373 
42 12 AL(1)=A'A.(1)+SIGN(T,ILV*rJLDL(I),PDFL) "7'4'1374 
43 11 OLU(1)=PL/0 DAmP1375 
44 10 CO!!TVII.E DAmp1376 
45 kET44i4 DAMP1377 
46 E%4D DAmP1378 



106 

a FPRTRA.; IV O'ER CYO S:IIIRCF LISTING' 02/06/73 PAGE 0033 

I. SWIRfluTF!E BoBilLE BUBB1379 

2 C BUP01380 

3 C THIS Wi.,0ATIAE CALC !LATE huIBLE PnINT TEMPERATURE USING NEWTONS BURB1381 
4 C METH,io MoITICiOPHNT risTILLATIDN " BY C, 0', HOCLANO, PAGE 15) B

B 

 B
1,111,33:

23 

Ui+ 

 'L") 

5 C AND '.4ITo PsEllOr) OETH70 Of OR, RALPH C,ECCHETTI 
6 C 
7 C.0"!MN iTwl)A v(11),4L(1C1),Fl(20),Fv(20),FX(20);A(101,120) ri  
A Cmy,!,11. S(I!,:i.t,)),R(191,2),RL9(101,2o),p(101),PREP,PB,P0,PF BURB1386 
9 Cipli:1 R.AA- AL(0,1,CAL(20,),C41.(20),r,RP(201,FFRAC(20),THCOUN,DCON B1)1361387 

BUR81318 10 Ctw!!,itv A, (? )),A 1 (? j/A?(20),L'3(2'0,,A4(?0,X(20),Y(20),HKCON 
Cxr; V'(,01P,Trinm;5 ,TCnA FP,TrAX/THINAT,FCON,VLCON,ALNPI,D,F1 2f

r
:
(
a
l
lgg 11 

12 (T"ill TrEfo,FTJ1r,S16v,  ,TALD,CALDRInTFLAMTPV,THETAITRIAL 

13 (.;!.. P q o  ( 1rA , 2Y ) , RL!) (1'?I, V, ),JLnV ( 101 ) , DV, DL.IOLnl. (101 ), F ( 20 ) BUnR1391 
14 C.)-!..i AL0(2:)),H1_1(2)),HL2(21),AL3(20),HL4(20),CO3!RHACOMH,FEEDH BOB1392 

15 CW“t.);-1 HY0(2),HV1(2'.)),H)/2(25),,013(20),HV4(20),,X5(V),X0(20) AU9B1393 

16  CD"Mf.1N YF(20 ' ) XF I -i' /'' ' SOVLF,1:-iTALP,BCOR,OCOR,DCn( 2 0 , I nC0(20 ) 8001394  
BOB1395 

CI 

C 
SifAX=0,0 1 081396 

ilnral3Z: 
AURB1399 
00B1400 
BOB1401 
BU1B1402 

F11:40i 

ilnLi.:1441; 
BUI18 1408 

86:UUE:8111::1914 

1011410 

PUPB1412 
B061413 

FI LL))T144156 

@U'+@1417 

1 =1:19 

0 6013142 
BU401421 

ilnUi 

44 BX:11,:: 
 

BUo81426 
SU1B1427 
BUBB1428 

19 Si px=.3 
20 SWCX=J).0 

21 SIOPX.,o,t) 
22 Sit'j.X./-,,,0 
23 SU,, m0,1 
24 IFIIIAL..5,01 10,1ni11 
25 10  1)0(=•-TR 1 AL.2.0 
26 nn ir7 12 
27 11 IXXz-o 
2P 12 C7I-T1WE 
29 TA=(10,j)**IXX 
30 C 
31 Li 2 1=1,M 
3? S!' - .AXA,X(1)*A1(1).1.s0M4X 
33 5u.AX=x(1),4 41(1)+SoAfiX 
34 50-CA=x(1)*A7(1)+suicX 
35 sw ,,, x 0( I ),A3 m+su,flX 

?6  SIJ"EX=x(1)114(1)+stimEX 
37 2 cOiTC:!AE 
31 C 
39 
40 40 wiAx„.15.o 
41 111 A w K=S, AX+I*(SU91_04 W T*(SUMC*(SUMDX+7*SUMEX))) 

AK=i);<*(PIEF/(10 
ti rIELul.OAK 
44 C 
45 
46 22 

1F(t.65(() it.)-TOC) 99,99,22 
CA' S:  

47 
4d 

Nir.m.:.Alk*(p;FF/p 
(F(DAK) 3,f;99,3

1.1 ) 

49 3 T=T..(t1,(*1o:J)/OAK 
50 C 



A FDPTRM1  iv lvEl C3) S7.uRCF LISTING{ VBLE SuBBnuTVIE 02/06/72 pAGE 0014 

51 CnONT=COINT+1•0 BUf3B1429 

52 1-F(C 11",1.  .F). 40AX) GO TO 15 BUIB1430 

53 r:11 Ti' 'II  
1:1g14411 54 15 Tra,=161q10. 
BUP.B1433 55 Cnt,T=f;.0 

56 /;fl TJ 111 RUnR1434 

57 09 CT.TP.F BLWI31435 
(",D BU4B1636 

59 999 P9.1iT 9DIAT BUI481437 
LIT1 SUBPDIITIME FIWRLE 010 NIT CONVERGE BECAUSE FOR T so BUAB1438 

61 bcp:,.5,32HDI- RIVATIVE OF K ETJATIU": IS ZERO) BU' 81439 
62 T=T+0.0 
63 cm T. 111 
64 9999 cri,,T v4E 
65 ETuoN 

60111444 66 

107 



108 

A Fn9T94'4 IV (VER L3q) S1V8CF LISTINGI 02/06/73 PAGE 0035 

1 SU4ROUTINE DEW DEW 1445 
2 C DEW 1446 
3 C THIS SU4P01 ITINE CALCULATE OEW POINT TEMPERATURE USING NEwTONS DEW

E 1144:79 
4 C mETH0D ("MATICOurYNENT GISTILLATIPN" 4Y C. D. HOLLAND, PAGE le) DEW 1448 
5 C 
6 tn- m rIN TT(101),vivA.),AL(131),FL(Ro),Fv(20),Fx(2o);4(loi,20) 
7 CO 4Mn% S(1',1,20),R0(101,29),RLE(101,20),P(101),PRFF,P,3,PD,PF 
S CP',M9N 8R.DCAL(20),T)CAL(20),UCAL(2J),GRP(20),FFRAC(20),THC0UN,OCON I Ihi 
9 Ca M1'  Ai.,7,0,A1(?),A2(2r„),A3(2-.),44(20),X(20),Y(70),HKCIIN 

10 Cqm"Pr, VC0.1!: 7 .Trit;IP,fCrIN.'1 ,m,NFP;TPAX,ImIN,T,FCON,vt.CTi,4LtIP1,0,8 DEW 1454 
il co,Imni4 TFE10,FTULD.Oome r, ,TAL II,CAL0,T0TFLITOTFV,TpETA,TIAL DEN 1455 
12 Cl - Y4074 R“0(1')1,2;1,P.L0(101,2!),0LOv(101),Dv,OL,OLr. 0101),F(20) DEW 1456 
13 C'Syr,Xi HLo(2.)),HL1(2),HL2(2)),ML3(20),11L4(20),CrlPH,Cm.H,FEEDH DEW 145/ 

Or DEW 144:89 
14 C0mmoN Hvo(2(  ),HVI(20),MV2(2,0,11V3(2,0,MV4(20)1"(20),x"20) 

CD'"M0N Yl(?0),XF(2.)),SUMLF,TMTALF,4CDR,OCoR,DC0(2o),RCfl(20) 
1, C 

D 14464 17 Silikymn.n 
18 
19 
29 

SO-04.6.1 
Soi.O.o 
!FUN:1.0.-5'0) 10/10,11 

DEW 1462  

21 1'..r lxx=-TFIAL-2.0 
22 r0 T0 12 
23 
24 

11 
12 

Ixx=-6 
CIY.TIJUE 

25 T9L.(10.r)**IXX 
2 
27 C:mr'

s
.rj A i 

2R C 
29  222 CrITIKJE 
30 !.)th 3 I=1,M , 
31 .1KmA)(1)+T*(A1C114.7*(A2II)4T*(43(1)+44(I)*TM 

32 AKNA.x*(vEF/PD) 
33 ,,A4=:.1(1)+T*(2-.0*A2(1)+T*(3.0*A3(/)+4.0*A4(0*T)/ 
34 rIA.,= , 40,(PFEF/P0) 
35 su!Kymso-Ky+V(I)/Ale 
36 a 5y, 0K7.51K,OY( 1)/(AK**2))*OAK 
37 C 
3R r.EL=1.0.,SU°0 
39 C . 
40 IF(A4S(DrA)-TA) 99,99,22 
41 22 (S1-!ikY-1.0)/(..SOMOK) T

se.
; 

42 Y=0.0 
43 SU/-0 ,<=0.0 
44 CT1r,T=COuNT+1.0 
45 IF(CTUuT .FQ. AMAXJ GO TO 15 
46 Go T 222 . 
47 15 TiLl.ToL*10. 
48 coilT=0. 
49 1493 Gu Tfl 222 
50 99 C0':7114LE 

DEW 

DEW 1463 
DEW 1464 

1465 DEW 

DEW 14674  

DDEE ',', 1468 4:: 
DEW 470 
DEW 1471 
DEW 1472 
DEN 1473 
DEW 1474 

(CiEEE 11;i57 
DEW 1478 
DEW 1479 
DEW 1480 
DEW 

011 
DEw 1483 
DEW 1484 

g:.'ti 11141: 

gi 1488 
DEw 1489 
DEW 1490 
DEW :::1

4
. 

 
DEW 1492 
DEWW 



A FOPTRAN Iv (vER L3U) SURGE LISTINDi DEW SuBRDuTINE 02/06/73 pAGE 0036 

51 
52 

RETURN 
END 

DEW 1495 
DEW 1496 

109 



A FrIRIRA.; IV L3P) S'.."ARCE IISTINGi 02/06/73 PAGE 0037 

110 

ENT 1497 

:NT 149850 
ENT 1499 

ENT 
ENT 

ENT 1!!! 
1504ENT 

ENT 

ENT 180 
ENT 1507 
ENT 

TT 11155:1! 
1510 

ENT 
155514 

ENT 1515 
1516 EN 
1517 
1518 

ENT 1519 
ENT 152 
ENT 152 
ENT 1522 

EENNT 

1523 
ENT 1524 

1525 

NT 1551:7 
ENT 1528

5 
ENT 
ENT ii: 
ENT 1531 
ENT 

0 

ENT 1532 
ENT 1533 
ENT 1534 
ENT 

155336 

: 1!534780 
ENT 1539 

ENT 1541 
ENT 1542 
ENT 1543 
ENT 1544 
ENT 1545 
ENT 1546 

1 Sup t-.' E 
2 C 
3 C THIS S1141M.T1:,1 CALCJLATS riTHALPY  BALANCES BY THE 
4 C CJLSTAYI-CdhirPSICION HET;490 
5 C 
6 (",11'!1r1 TT(1 1),V(1`'1),AL(101),FL(20),FV(20),FX(20);A(101,20) 

7 rU:'"A  S(1,1.'21)-"V h(101/20),RL9(101120)0 12(101),PPEF,P10P0,PF 

S Chr • g'Oc- hL(2, ),C.',L(2,0,1CAL(2n),GRP(20 )AFFRAC(20),THCOUN,DCON 
9 CT,  l'i ,I.(,,,C),A1(2),A2(2(1,A3I2(1,44(20),X(20),Y120),HKCON 

ln cnr. vw,r,r0,Pircol,,-,,,,,IP0,7.1Ax,TMIN, T,FenH,nco,ALNPI,D,B 
11 CJ ' , IFEFr,rTolo,5, 1Y3P:'- ATAC),CALD,TOTFL A TnTF v,TIIETA,TPIAL 
12 f T1' ..,  . f"-T(111,27)09.1..n(lr, 1,20),OL 0V(101),OV,DLiOCM1011/F(20) 

13 Ci.:1",, :: eiL,  (2.,),it.i.(2:,),i1L2(21  ))H1.3(2,))01-11-4(20),CON.H4CM:N,FEF014 
14 C[1:"1::•4 ilqA2':).1,10!1(2:.),HV2(2),Hv3(2b),HV4(+20),X1(e),XDC20) 

15 CL0111 ,  YF(70),XF(2Y),50mLFATOTALr'SCNRADCUR,OCf1(20),1CO(20) 
16 C 
17 C CAL.C'ILLTILL ;'F V !Ii!;-Lk14.1h!q+1 
- C 
)1 

23 
21 
22 

Vt;int;=0..0 

I '1=1,N 
)=d,(•41) 4 ,1COR 

T_TT( 23 
Y(1)=4\,0(N,1)/V01 24 
r%1 .7. ,-IV".1(1)+T*(H)1(1)+T*CHV2(/)+T*(HV3(I)+HV4(1)*T))i 25 

;=Y(1)*cV+\r11+1  26 
T=IT(\+1) 27 
›J(T).7'C'i(!)/f)C7F? 21 
EL=HL 1 (1)+1.4, (tiL1t1)+T*(1412(1)+T*CHL3(1)+HL4(I1*T111 2 9  

33 fl_tr1=P:1( ) )FL+ALAP1 
31 1 CU:114u E 
32 VNio.V!.11.*v('i) 

31 ALHI=4LH'Pl#AL(N+1) 
:54 CG.IH=v41,..LP1 

35 C 
36 C PECTIFING SECTION FROM ToP DOWN To THE FEEn TRAY+1 
37 C 
31 je-1 
39 2 14v=°')  
40 Evx=0.0 
41 ELX=().0 
42 PD 3 Isl,m 
43 T = IT(J) 
44 EV=HVQ(1)+T*(HVI(I)+T*IHV2(1)+T*(HV3II)+MV4(I)*Tifi 
45 rEV=x0(!)*tV+DEV 
4f X( 1 )=i1 L0(J+1sI)/AL(J+1) 
47 FVN.riv...0.(I)+FVX 

4 T=TT(+) 8 
49 ELchL 7)J(/1)+T*(iiL1(/)+T*CHL2(0 4.7*(1.0.3(/)+HL4(/)*T))/ 
50 ELX=CL*X(I)+ELX 



11 I 

SUBROUTINE 02/06/73 pAGE 0038 A FORTPAm 11,  NEP L18) SVCE OSTINGi ENT 

51 . 3 CWITINUE ENT 1547 
ENT 1548 
ENT 

52 40J+1).(C(INH.001R*OEV)/( FVX-ELX) 
53 J3,1-I 1549 

ENT 1550 54 V(J+1)=AL(J+2)+oCOR 
55 IF(J .FJ. hFP) GO TO 4 ENT 1551 
56 r;ii T1; 2 ENT 1552 

57 4 CI) ITFIUE ENT 
115 55,5: 58 C 

59 C ST0IPPINC SECTION FR1111 BOTTOM UP TO THE FEED TRAY ENT 1555 

60 C 
ENT 15554 61 J=2 ENT 

62 tL(1)=P,Ct2R 
63 Pr'mc.0 

FNT 1558 
ENT 1559 

64 rt.H=:)... ENT 1560  
65 r,U 6 1,00 ENT 1561 

T.TFi-,-E') E.:6   
67 Ev=-0(1)...T*(0 0 1(I)+T*(HV2(1)+7*(3(I)+HV4(1)*T)1i ENT 1563 

68 F•,ri.rvYE(I)+FVH 

ENT 1562 

ENT 1564 
69 FL=-1' (!)+T*(l1(r)+T*(HL2(1)+T*(HL3(I)+14);4(1)*T/11  ENT 1565 

70 FL !=.1.1..*A1 (T )+FLH  ENT 1566 

71 6 c;r;TJ'I'E ENT 1567 
72 Fp::: ,,T :TF::*FVH+TnTFL*FLH ENT 1568 
73 Co..c.; ',u,..TTFV*FVii-TDTFL*FLH ENT 1569 
74 5 cLY2C.  0 1570 
75 ENT EVI,=110 

75 1Lx:12“).0 ENT 1572  
77 

r:141;1" 
ENT 1573 

7(4 = (,1 
ENIT 1574  79 FL=,,Lc:(1)+T*(w.1(I)+T tHi2(1)+7*041.3(I)+HL4(1)*T))i ENT1575  

80 Xh(!)=C (r)/3cOR EN T 

TTT 1111555577886803 

91 (TLY=Ft_*XP(1)+ELXEI ENT 1577 
82 Y(i).,uv,-.(J-1,1)/V(J-1) 
83 FLv=FL*Y(1)+ELY EN 
84 T:TI(.3-1) 
85 FvR,  ,w(I)+1*(dV1(I)+T (HV2(I)+T*(Hv3(I)+Hv4(I)*T))1 ENT 1581 

86 RVY.FV*1(1)+FvY 
87 7 Cnr• I I . .4E- 

ENT 1582 

8? V(J-1)=(C1 ;.'04,9cnR*E0(B)/(EVY-ELY) ENT 1584 
e9 ENT 15(15.  
90 11:ij.1.1)=1:(J-2)+8COR ENT 1586 

91 IF(J .F:r. FF+1) (;(1 TO 8 ENT 1587 
92 ENT 1588 
93 8 Ic)''ITT;N(5.4. 

EEENNNTTT 115558992 

94 C 
95 C FEED TRAY VF, ENT 1591 
96 C 
97 XBA*)•0 (NT 1593 
9P, FLXF=0.0 
99 FLY=0.0 

100 • EvYa0,0 • FIT /596 



A FORTRAN 1V (vER SIJRCE LISTING= ENT SUBROUTINE 02/06/73 pAGE 0039 

101 rn 9 Igcl,M ENT 1597 

102 TtTT(hF, F+1) ENT 1598 

193 
104 

FITAL0(1)+7*(HCI(1)+T*(HL2(1)+T*CHI3tI10.4 1.4(I)*T/11 

',<L2EL*Y.:(1).1. /(9H 

ENT 

ENT 

1599 

1600 

1r.5 FIxF=EL#vF(I)+ELXr ENT 1601 

104  

107 
105 

Y(I)=RV 4 LJPP,1)/V(':FP) 
FLY=CL*Y(11+rIY 
T=TT(;FP) 

ENT 
ENT 

1602ENT 
60 
1604 

Inq r-v= 0(1)+7*(i1vI(I)+T*(Hv2(I)+7*(HV3(t)+Hv4(1)*M1 ENT 1605 

110 

111 
112 

F.‘,Y,EV*Y(1)+FVY 
CT:TIN'JE 
Vc,FP1=(C11H-TUTFV*FVH+BCrIk*XBA-TOTFL*EIXF)/(EVY-ECY) 

EN! 
ENT 

1606ENT 
1.6T 
1608 

113 c ENT 1609 

114 C r-EFO Tray LF+1 ENT 1610 

115 C ENT 

116 EVV:=0.0 
T 

ENT 1612 
:66:: 117 EVYV=0.0 E 

11° rvXmO 0 EN1 1614 
117 
123 

t.)0:0  
;IA 10 IF1, 

ENT 
EN! 

1615 
1616 

121 T_TT(IFP) ENT 1617 

1223? 
6!=oVotT)+T*(HVI(1)+T*(HV2(1)+T*(HV3(I)+HV4(1)*T/Ii 
rVxv.:EV*0(/)+EcXD 

ENT 1b 8 
1619 

124 
125 

EVvf9E,F(1)*EVYF 
!):L,.(1,P+1,11/AL(NFP+1) EENINTT 

ENT 1620 
1621 

12f" FVX3,7-,V*x(I)+EVX ENT 1622 
127 T=T1(4FP+1) ENT 1623 
121 EL=%.,L)(1)+T*(HC1(4)+T*(HL2(2)+T*(HL3(1)+HC4(1)*T)11 ENT 1624 

124  
I3n 
131 

FL)<=EL*A(1)4-EIX 
Co' rIhE 
4Lr41-11+117.(C)NH.00OR*EVX0+TOTFV*EVYF-TOTFV*FVH)/(EVX-EIX) 

ENT

ENT 
1622: 6 
1627 

132 r.ETL,v4 ENT 1628 
133 ENO ENT 1629 

112 



A FORTRAN IV (VER L3!) SOUpcE LISTING( OUTPUT SUBROUTINE 02/06/73 PAGE 0040 

1 SUB;OUTIrE OUTPUT(*) OUTP1630 
2 r OUTP163I 
1 C THIS SIEWTINE WICL RRIT THE FINAL CONVERGED TOWER UUTP1632 
4 C 

5 (:;1'14,1,!TT(101),V(101),AL(101),FL(20),EV(20),EX(20);A(101,20) 
0UTP1633
UT P64 

6 rif"1- 11  "1,1,20)/"P(101,20)1RLB(IG1/20.0(101),PREF,P3APD,PF DUTP1535 
7 (IrmA ,(1)(41.(20),:ICAL(201,8CAL(20),GRP(20),FFRAC(20),THCOUN,DCON 0UTPI635 
1 (7 -).,q,• 1% A',(2:))/A1(2(%).42(2P),A3(7.r).A4(20);X(20),Y(20),HKCON 0UTP1637 
9 cvrr4 vi_Ni.1.;1',Tot!4P,TCON,O,ER,T0AX A IOIN A T,FCONi vLCON,ALNPIA DIR OUTP1638 

In CW11.4 IFEfP.ETOLD,S0NGP pTALO,CALD,TOTFL,TOTFV,THETAsTRIAL 0UTP1639 
11 CO'M:'4 ic,I)(1.)1.20),RLD(1,,1,20),OC)V(101),DV,DL,OLrC(101),F(20) 013::::::: 

12 
cn-Nfl,.; .1L0(2,),HLI(2,0.NL2(2,.,),HL3(21 ) JHL4(20))CUYRH,CONN,FEEOH g

i
UJTTPpl5

64
41 

13 C[11.!!1',. :-4 \N)(2^)/14.1 1.(2,-1),HV2(v.),NV3(2n),HV4(21),XP (20 ),X0(20) 
cl:f—,N a(2u),XE(2.)),SIPILF,T,ITALF,PCOR J OCOR0DC0(2cApBC0(20) 

OUTP1644 rr; C 
It.. C 0UTP1645 
17 C CALC0LtTIO! rF VNICILN+111 +1 & VNHN—LN+1HN+14EED H UUTP1645 
1"C F- 0 C:it:NSER c kEuaILER PUTY 0UTP1647 
19 C OUTPI648 
20 4LA1..P140.0 0UTP1649 

21 VNU1 0 OUTP1650 
22 V(,)=Ar(:i4.1)+DCOR OUTP1651 
23 r0 21 1.7.1,:.! 0UTP1652 
24 TzTT( ) 

(NPP116655: 25 ",tV Y(1)=:)(N,/)/V(") 
26 FV=Pv3(1)+T*(NV1(1)+T*(HV2(1)+T*(HV3(1)+HVA(I)*T)1i OUTP1655 
27 4:•!=.).- (1)*FV+Vmiul VUTP1656 
2> T.21T('..1) 

' "A (0)1(j:41:5578 
. 

29 x!)(1).C11/OCUR 
3.1 X3(1).=,iC'(()/4COR OUTP1659  
31 CL=1.0(1)+T*(,-ILI(I)+T*(HL2(1)+T*(HL3(/)+HL4(I)*T))1 
32 4L•i;.r1=x;(i)*EL+40NPI 

!!!!!!! 

33 21 crp4t.16E 
34 vs1.14,v-H:*\") 

A0i-Pir-ALIV-POAL(N+1) 3': 
36 COHI-i= -,"' r -:,.1.•i iP1 

DUTP1663 

OUTP1665 
37 CUAPi , =Cir.H—FEEDH OuTp1665 
33 C 

(10UUTTPPI::78 39 ;1P1=1.+1 
40 IPPG.I 0UTP1669 
41 IF (VLCW: ..r.1. 1.0) TR/AL3TRIAL.4.0 OUTP1670 

413 E PRIt1- 1'..f, SIAICC WITH TOWERS FINAL VAPOR , i*IQU/D AND TEMPERATURE 
PRUFILF 

!T:11!37i 

OUTP167: 44 C 

OUTP1675 
45 C 
46 PRINT 2p,TFIAC,IPAG 
47 31'  FT'ilAI()LI., TrIwPR CONVERGED AT TRIAL 0 1,F7.2,74)(PIPAGE ',14./OUTP1676 
4P 1/) QUTP1677 
49 PRINT 311 

I- 50 111 FOOWI(' FINAL VAPOR , LIQUID t TEMPERATURE PROFILE ( ,/) Oitg11:77: 

113 
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A FriPTRA.4 Iv (VE4  L3';) MRCP CISTINGi OUTPUT SURR1UTINE 02/06/73 PAGE 0041 

51 PRITI 11c OUTP1680 

5? Ilo FoQLA7(1 NumIlEr,T,X, IS FPO POTTOm TO THE TOP OF 7HE TOwERI,/, OU7P1681 
53 17X,,LAFT STAGE IS THE CUi11NSER-DISTILLATF DRUMI0/; 

54 27x,IFI)st STAGE IS iC EOuILIDRIUM STAGE REROILERId/) OU7P1683 
OUTP1684 55 Pitt':7 ?.',-, 

55 70t1 FI,LAIMX;frOLS/HRI,13XASAULS/HRIJI3X,IDEas F1) 
;;;;;;;; 57 oj 949 I=1,P1 

5; PRI;,1 17,I,V(I),I,AL(1),I,TT(1) OUTP1687 

.,; I n 7 FifjPil(I v(1,13, 1 )*I,F10.3, 1 L( 1,13,1)61,F10.3, 1 T(I,I3, OUTP16 8 8 
6C 1 , )= 1 ,F1D.31 
61 Yr) CO IlLtJ 

rliiii901 62 C 
61 PRIqT 212 

rIEUTTPPPI1666 9334 2 
64 212 rn:MAT(//) . 
65 Ic(2*-+2c4.',4.14.,56) 80,80181 
P!.!) 61 ir,i,6=IvAr.,+1 OUTP1695 

OUTP1696 67 PkviT t;2,IPAC, 
L9 ti2 T. 0: I,I40//) 

80 fill TI!ItIE n 6p Lit:416997n 
73 PRP , T 54 

CA11417)(01 7) C E)  
7? C °RI:4TING DISTILLATE RATE , K.DATA , TEMPERATURE , ENTHALPY AND OU TP17O1

0iTl ND 73 C CUFN3ER DUTY 
74 C 

OrTP11 7U: 

3 
75 54 FOIAT(I DISTILLATEII) 

76 PRINT 55 oUTP1705 

77 55 FOvrAT(1:4x,INOLS/HRI,14x,IMOL FRACI,12x,IK;-VALUESIi - OUTP1706 
m 5!.r:EL20.0 OUTP1707 

79 50-x=0.0 
riil TTFP) 1177009 3a cl ,.-1 5n Iml,",  

P1 Su' A.SUOX+X0(1) OUTP1710 
r2 T:TT(N+1) . nopoll  

2 
IF(OcOO) 7,3,9

.+ 7 Fv=r,v0(1)+7*(HV1(1)+T*04V2(I)+T*(H0(1)01V4(!)*T)ii r41;1;  
P5 SwEL=LV*Xn(I)+SUMEL DUTPI714  

nUTPI715 P6 GO' T''10 
OUTP1716 P.7 8 Co-TINtIE 

1,i GO.  71 7 0UTP1717 
9 C To;f, PriASP..nISTILLATE IS NOT OPERATIONAL , OUTP171$ 
91 C ALL VAP1R DISTILLATE MILL RE USED OUTP1719  
91 9 EL=HL0(1)+T*CHL1(I)+T*IHL2(1)+T*CHL3M+HL4MiT1)1 OUTP1720 
92 stk.EL=EL*Xi)(/)+st!MEL  

(D311.77:2 93 lo cn"Tiwi,E 
94 Plcsilt)(1)4.7*( 1%).(1)+T*(A2(1)+T*(A3(I)+A4(i)*T))) 001P1723  
95 AKEAvxt(PIEE/P(N+1)) 

7UTTPP:77224 
96 

6 
jF(4 11'1 .LF' 010) n r.1 To !? 97 C 7 ,:! 1,14ASF: riST(LLATE IS WIT OPERATIONAL , 

OUTP1725 

93 C ALL V4i-,1".% D[STILLATE 'ILL BE -USE() OUTP1727 
99 PRI . 17 57,1,i'CAL(1),I,X0(1),I,AK OUTP172$ .  

100 57 FLIPAT(7x,,C(t,I2,1)st,F1044,5X/IX(1,I2s1)0tFi0.7;6X,IK(1/0211)RtOUTP1729 
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A FIIRTPA!.• IV (VER L341 ) SnURCE LISTINC,I OUTPUT SUDROUTINE 

OUTP1730 101 1AF10.71 

02/06/73 PAGE 0042 

102 .00 Tfl 56 0UTP1731 
1^3 S5 rRVIT 95,10CAL(I),IsX0(1),T,AK OUTP1732 
ir)4 TOt•A1(7'),AID(1,12, 1 )= 1 AFlo.4,5XA 1 Y( 1,I2s()40,P10,7i6X,IKII,12,1 / 19(OUTP1733 

1C,5 1,FIJ,7) 0UTP1734  

IC' 

56 

11 

• 
IF(I'C:.) 11,12,13 
EV:CAID*SEL 

110 nUTP1739  
111 14 
112 12 Cu'ITIJHE 

113 T. 11 OUTP1742  
114 C Ti PAS‘: nISTILIATE IS t,T1T OPERATIONAL 
1IS C YAP.) DISTILLATE 'FILL 2E USED 

11 13 FL , '=CAL9*SOIEL 
117 F.T.sr;.  u 
lip CC 
119' 14 CP'11.411 E 
12) PRI•4T 53 
121 5P FO'"14T(17X,19( 1 -1 )/11X;10(110)1 
122 Pr10 
123 -41AF10.4.A4x.A 1 TOTAL 421AP10,7) 
174 Pr R,T 65ATTC+1),EVOIELD OUTP1753  
125 PRILT 
12',  6n 17101.,W , CflUDER DUTY a ',F14,4,' t.IBUT/HRt) 
127 1P1mT 212 

C 
OP7 55 I?: C PRI:JTILG E.:JT11-1 FATE K,DATA A TEMPERATURE , ENTHALPy AND 
OUTP1759 .

8 
130 C ;, .,, UILF.k DOTY 
131 C OUTP1760 

OUTPI761 PRINT 63 132 
133 63 FUATII StITTXIS I') OUTP1762 

134 PKV4T 55 OUTP 17+3 
135 Swx=fi.9 
135 SU-E1.20. 0UTP1765 
137 TaTTI1/ 
11? 0n 64 1°I,sh 0UTP1767 
139 SX'A=si. Ax+y.R(/) 

HL2(1)41*(H1_3(I)4441:6(!)*T11i 
QUTP1768 

10;177790 
14r., FL=i401() 47*(AL1(I)+T*I 

PUI;177771 

141 AK:47(1)+T*(al(I)+T*(A20)+T*(A3(1)+A4(1)*T))) 
142 /PO /1 
143 SW,E1.:PL*X'AI/+SHMEL 
144 PM:Yr t5.),I..fifAL(T)..1,XE1(1)//sAK . _ OUTP1773 
145 65 rOcele,T(7X.111,AIAIAA1)*IAF10.4.15XAfX(1,12s 1 )*1,F10.7A6XAIK(GI2A1)1$(0uTp1774 

OUTP1775 146 1,FIC.7) 
147 64 cri-rrE OUTP1776. 
1415 rtir,T 58 CUTP1777 
149 8 Pk7,I1 6,o; 6r0P,SUrIX 

OUTP1779 15q 66 fip,!,, ATtluX,1 5 .1 AF10.444X,ITOTAL .1AP10.7) 

OUTPI735 
UUTP1736 
0UTP1737 
OUTP1738 

2417747 

0UTP1743 
0UTP1744 
OUTP1745 
oUTP1746 
OUTP1747 
OUTP1748 
OUTP1749 
OUTP1750 
OUTP1751 
0UTP1752 

OUTP1754 
0UTP1755 

111775

6 
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A F7PTPAN IV IVEP 13/ SOURCF LISTING) OUTPUT SUBROUTINE 02/06/73 ' PAGE 0043 

151 EV=0.0 OUTPI780  
152 LL, EL*rcrl OUTP1781 

153 PRINT 45.TT(1),Ev'EL8 
PFIT_CN:0-++ELB 

OUTP1782 
1°4 OUTP1783 

155 r-,(1,J 75,RFriOUT  
Z TTPP/778845 15'., 75 FATti PE3OILE4 DUTY e lpF14,4,1 Mm8TU/NR 1 / 
OUTP170 1!!-7 IP!.(1=1PA'41 

151  c OUTP17a7 

159 C PRIHTI;it-, MATkIAL & ENTHALPY BALANCES  
16's C 

OUTP17B8 
OUTP1789 

161 CRIT P.3.01PAG OUTP1790 
162 83 Fr- AT( 1 1 1,4AXJ 1 ***** HATRIAL & ENTHALPY BALANCE *****1,25X, 

EXTPP/77992 161 1/PMfY ; 1 ,14)//) 
164 ikINT 217 241g: 155 PRI%T P4 
1& a4 rr”t.i(11X,10( 1.0),IINI,10(1 1.0),6X,17( 1."),IOUTIP18(110)) 001P1795 
157 Pi:1T 67 OUTP1796 
1C., 67 CO/rAT(, MAT11AL BALANCE (HOLS/HR) 1 1,/i OUTP1797 
169 ') 61 1=1,:' 
17---1 VRftT r:),IAFX( 1)11,DCAL(1),I,PCALCl/ taT 7 T;11774 

174 
61 c,. ,j ., AT(11)6,1 F( 1 ,12,1 )= 1,F10114,12XpID( 1,02.0)111 1;F10.4.06X,IB(1,12, 

 0;u:TTT

TPili80800 
1 1 )cliF10.4) 

6A Cir Ili. E 
.OUTP1801 

173 T 1 °UTP18e2 
OUTP1803 174 PRTTT 73 
OUTP1804 175 73 EDATtl7X,V1(1.../),13X;10(/.1 ),12X,10(1.1 / ) 

17', I-INT 74,Ti,,T (:1Fi rCHR,COP 
177 74 Vfli.-14T(11.x,ITOrAL  1/F10,4,16x,F10,4,12)0410,4) Ergigg 

°FONT 76 179 • OUTP1807 
179 7i, F',1cf%T('').  rjA4LPY AALAPCE (M.4iTU/HR) ( ld) 
1F.I'-) IF ( r,ICL;:i .14. ,),O) r1n4FVO 

DUTP1808 

1;1 C IF(6CIN .E. 0,0) FL.)=EV+EL9 r190 
1.;;2 .C, T.,!._' No:45F. rISTILLATE IS i!OT OPERATIONAL , 

11 193 C ALL ''AP(.'" DISTILLATE r:ILL BE USED 
1,,4 1"PIr-J 77,FF,Lmu il D,REn01,ELu,CoroUT 001P1813 
1c>5 77 FlP LL rtT(11X,IrEFO 1 ,3X,F14.6,5X,IOIST1      ATE ' 1,3W14.4,/, OUTPI 814 
1?6 111,"0- i ILF;.</,4X,F144,6X,IROTTDM 1;6W14.4;/, DUTP1815 
1r-, 7 243Y,ICE,SE;0,9x,F14.4) OUTP1816 

PF1.1111688117: 

1.E' 1:Tki\T 78 
1'29 7F,  rp,;tT(23x,14( 0 -1 ),24x,14( 1.1 )) 
190 SirT=FEroi:+4ElpA7 
191 coin,r:EL0+EL,....c,Nnut 

WM 192 VP M RJ 79,S11,,SilMoUT 
193 7) r0AT(11x,fT0TAL1,7x,F14..4,24X,F14.4) 0UTP1822  
1q4 C OUTP1B23 
195 C PRF,TIG ALL THE TRAYS ClImPOSITIONS , K”DATA i TEMPERATURE AND OUTP1824 
195 C E:3THALPIES OUTP1825 
197 C OUTP1826 
198 C STPATING FROM PLATE #1 UP TO THE .FEED TRAY CUTPI827 
199 
2O) C djal 

OUTP182B 
OUTP1829 
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A FORTRA'l IV. IVEP L3`'1 5,!URCE LISTING! OUTPUT SUBROUTINE 02/06/73 PAGE 0044 

201 /pAczIPA',+!" OUTP1830 

202 PRINT 53,IPAG  OUTP1831 

203 53 FO;-;'1 AT( 1 11;5:,A;!***** TRAY COMPOS/T/nN *****1,30X,IPAGE 1,14,/,) 0UTP1832 
2(.:4 141 47 Jx1, -FP OUTP1833 

205 IFCJ .EQ.  1) CJ It) 1 OUTP1834 
2:,( PRPIT 42,J 
2 0 7 05 r) 3 ggPp1:1! 
V1,1 1 PRINT 23.1 OUTP1837 
209 d 2 FIviATC 1 PLATE NUM3ER . 1 ,13, 1 CEO. STAGE RESOILERIl)  
210 3 Er)::TirxE 

(16118g8g 211 42 PJ;1,,Tti PLATE NumRER m 1 ,13,/1 
212 PRINT 44 

C 213 44 FOrA H ,O T(13X;ALS/HP 1 ,14XNOL PRACI,18X,IMOLS/HRI;i4X/IMEIL FRAC', O 
112x,IK-`J 

NPP11:4412 
214 

g1411144: `
;'4:g.g 

215 
OUTp1845 216 

217 SWEV.0.0 OUTP1846 
21q Su"ELcn.', 

°fTTPPP111181-8!780 

219 t',0 4h 1=1,h 
220 x(I)=Pi3(J,I)/AL(J) 
221 si!-XzX(1)+cWtx 

OUTP1849• 

222 Y(1)=.c.(,),1)/V(J) OUTP1851 

223 .J S.'11:Y(1)4-sU;-, Y (7UTP1852 
224 T=TT(J) nUTP1853 
225 Av=A0(I)+T*(t,1(1)+T*02(I)+T*(43(1)+A4(I)447))) OUTP1854 

OUTP1855 22. 11,<,0,e,*(P,?EF/PIJ11 
22/ EV=t01F (1)+1*(141(1)+T*IHV2M+7*(HV3III+HV4(1)*T)Ii OUTP1854 

2?!1 CL=, ,Oti,i-T*00.1tr)+T*441,2(1)+T*CHL3(1)+HL4(1)*Tifi 
229 S0 Jki2LO,N,(1)+Sot,Ev 

M31-1:678g 
210 Str.EL=FL*X(1)+SU,!EL 
231 PRFIT 4.3,J,I $ RVd(J,1),I,Y(I),JAI,R18tJ,I1,I,X(1),/,41(  
232 43 Fr'AT(1 VHAPA,1,,,I2,1 1.11 pFl.4,5X/IY(1 ,/2,1 )210,P10.7,6X,ILII,OUTP18h1 
233 

4 6
184M2,1 1al,F10'.4,5x,IxII,I2, 1 !xl,F10.7,6X, 1 K(1;/2, 1 )0;F10,61 UTP1862 

234 
235 PRINT 4d 0174188:: 
23s 43 riRreT(13X,10( 1 .1 ),11X,10t 1 -1 ),1!)X.,10( 1.1 ),11X;100.1 )) OUTP1865 
237 PRINT 49,J,V(J),SWW,J,ALW,S0 MX . • 
23!I 49 rOi' ATc6, , V( 1 ,13/ 1 )= 1 AF1094,4x, ITOTAL sliF10.7,9x;1 0 ,,I3, 1 )=1,F=8866; 
739 10.4,4X,ITTAL mi,F10.7) OUTP1858 
240 Tv=5!04.v#V(J1 OUTP1869 

OUTP1870 241 ELzsti:IEL*AL(J) 
24Z PPII,T 45,77(.1);EV,EL 
243 45 FOR!4 ATI 1 0 TEMPERATuRE 

oUTP1871 

P)Y '' l'EUMg7i 244 1F14 .4,1 1  M-'dTU/HRI.10 12.1:FIP414Ei,F14.4,'IVAI:r8105MVi 
245 JJ=JJ+1 OUTP1874  
246 TF(( 7 +r1 )*Jj-55) 47,47,51 oUTP1875 
247 51 IPAC,=IPA5+1 
248 J.1=1 ' 
249 r-zi , J 53,IPAG 

OUTPI876 

250 47 CO';TIilUE 

OUTP1877 

2141:77: 
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A FoRTRA,,! Iv (vEP L3d) SOURCE CISTING) OUTPUT SUBROUTINE 02/06/73 PAGE 0045 

251 C 
241g° '252 C ,,,,,,T,G TRAY CePn oN SITI FROM EFED TRAY UP TO THE 

253 C CuLDFNcER.DISTILLATE t'..atim 
734 C 

OUTPIBB2 
DUTP1SR3 

255 rFP1m1FP+1 OUTP1BI4 
256 yiR1=:+1  

r 257 on 41 ,wFrl,NR1 OTJTTPPIg: 
251 IF(J .E7,. oP1) Gn TO 4 
259 PRI,,J 42,J 

OUTP18S7 

2h1 1",u IH 6 
4 rRT“ 5,..; 

241g: 
261 OUTP1R90 
2h2 5 vrATAI PLATE NuMIER , ion,' (CONDENSER;DI T LLATE DRUM)1 0/)oUTP1891 
263 o Civ.T1jUE OuTP1892 
2 4,4 PkI,:r 44 

241:;?, 255 
':;j1:Y:''t 2e*, 0UTP1895 

2h7 sn,Ev=0,1 OUTP1896  
263 SwE1-20.0 
2 9 ',1 47, i:I/M 
27') IF(J ir.). %PI) Gn TO 91 

:IT::: 
EPPP1889990! 271 x(1),KLO(J2II/ALIJI 

272 y())=k)(J$))/VIJ) 
273 Gi 1,, ')2 

EnT4199°0i 274 91 RkrqI+1,1)*C.o 
275 IF(',c,_1 .Li..c.9) RvD(N+1,,I)=OCAL(I) 

ITP;11i4: 277 C 
27') C T-,4n PHASE 71STILLATE IS 1•:1T OPFRATIONAL Jw 

ALL v4P,ow DISTILLATE ALL BE USED • 
27R AL(+1)1g,it •!)..JCur.' 0UTP1907 

nOUUTT::::: 

779 4Ln( :+1,1 ) =dvoc,N,11-0CALIT1 
2,21 01):"LIAN+1,1)/AL(A+1) OUTPI999 

DuTP1910 2,.1 Y(I)='-).0 
2'1 2 IF(L'CJ\ .LF. 0..0) YIlluxo(I) 

0UTP1912 7I,5 C T40  PHASE nISTILIATE IS 

111Z 

„T cipERATiaNAL , 
2q4 C 414 vAPIj DISTILLATE  WILL RE USED Egr,  V5 92 CT4Tr,,JE 
7,, SU"X.X(I)+SMX OUTP1915 
2«7 ST!Y=Ytly+su7Ay OUTP1916 
2Pr, T=TT(J) 

(r41:1. 18 7 29 .A0(I)+*IAL(I)4T*(A2(1)41,*(A3II/+A4(1)*T))) t3I 
290 6K.AK*IPRETF/P(J)) OUTP1919  

OUTP1920 291 FL=HLo(1)+T*(41(1)+T*CHL2M+T*IHL3(I)+HLOI)*T//1 
292 EV=t0/0(/)+T*(tiv1(0+T*(HV2(/)+T*(03(/)+HV4(/)*71)) 
293 Su"EL=ELOI ( I ) sSVEL 
294 SY-Ev=rJ*Yi I )+Su!4EV ir:31a 
295 PkIt'T 43,J,I,10/U(J,I)110(1)0J,I,RLD(JJI);IPX(!)ii;AK 

COT4224; 2" 40 CD,JI:ThE 
297 PRUJ 49 _ 0UTP1926 
29P FRflIT 49,J,V(J),SUDY,J,AL(J),SUMX CUTP1927 
299 Evr,S, OIV*V(J) OUTP1928. 

oUTP1929 300 EL=St140ALIJ1 



A FoRTRAhl IV (VER L3A) snUricE l/sT/NG1 oUTP9T sUnilnUTINE 

arq PRImr 45,TTIJ),EV,FL 
132 • JJ=JJ+1 
3!)3 Irt.1 .E). ;,:p1) cp. Tu 41.  

3.)4 Tr((7-4*)*JJ-5) 41'41'52 
3%.5 52 Jc'rt,;=IPAt.+1 

53,IPAr, 
41 Crii-TI:;0 

loq 14 E-TuQN 1 
315 

0.2/06/73 PAGE 0046 

OUTP1930 
OUTP1931 
OUTP1932 
OUTP1933 
OUTP1934 
ouTP1935 
ouTP1936 
OuTP1937 
ouTP1938 
OUTP1939 
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A FORTRA': IV (vER L3;3) SDORCE LISTING1 FITIT SURRUUTINE 02/06/73 PAGE 0047 

1 SUPROUTI:;E FITIT(X,Y,NO,rAX,C,LN,A) FITI1940 
2 C FITI1941 
3 C ',ILL FIT P!LYNOMIAL OF ORDER MAX ( MAX .LT, 7 ) TO NO Y VS. X DATAFITI1942 
4 C PDIkTS S'JPPLIED IN AaRAYS Y 0,0 X. COEFFICIENTS RETURNED IN ARRAY FITI1943 

5 C C IN PIRA ,EE0E9 BY FUNCTIoN EQUA. STANDARD DEVIATION OF Y RETURNEFITI1944 
6 C 0 AS FITIT. 
7 c 

FI1I1945 

FFITTI= 8 C LN = L!-!G TPA!!SFORmATION CODE 1 = Y VS. X 
9 C 2 = Li4 Y VS X F1111948 

10 C 3 m y VS. LA 
F 11 C 4 = LN y VS. EN X F1 '11199(4 

12 C FITI1951 
13 C A , INTErCFPT CuOE ZERO . INTERCEPT . 0,0 FITI1952 
14 C NTITko = INTERCEPT CALCULATED FITI1953 
15 C FITI1954 
16 PEAL 01), Y(1), C(1), 0(7), 5(7), xY(7071 FIT11955 
17 C F1T11956 
18 C SET CONT1OLS AND ZEROS AND XY, FI1I1957 
19 C F/111950 

FITI1959 N . ,,i9. 20 
21 . ,A N0 ( rAx + 1, N, 7) 

F1171111:19666! 

22 L = AVIO ( 4, mAx0 ( 1, LN A ) 
23 FITI1962 
24 

1- 0 ;•4 

- n C 10 1 z  1, M 
25 S(I) . 0.0 FITI1964 

1 
ri 

r'0 10 J = I, M FITI 965 
10 XY(/, J) = 0.0 F/T11966 

2F! C 
LOGS IF NEEDED 29 C rOR F4CH DtTum, lovE y $(0.JD X TO NI) AND D(2), GET 

;11;1111191:: 

FITI1968 
3n C .',4c. Pul,Es nE x, AD AcCurOLATE SUMS, SQUARES, AND CROSS PRODUCTS FITI1969 
31 C 1:4 S A,':0 XY. FITI1970 
32 C 
33 f)(1 60 K =1, N 
"14 r(1) a Y(K) F1111973 
35 :(2) = X(K) F1111974 
36 t%i Ti t 50, 20, 40, 30 1, L  

FIIIITT111193 
37 20 L(I) = AlOc, ( 0(1) ) 
31 740 Ti 50 
39 30 11(1) = A0r, ( 0(1) ) F1111978 
40 40 L'(2) = AWG ( 0(2) ) FI1I1979 
•41 50 PD 60 1 0, M F1111980 
42 60 D(I) = 9(2) * 0(1 m 1) FI1I1981  
43 DO 70 1  m 1, 11 
44 S(T) = S(I) + D(!) 

FFI 9 III138Li 45 fyi 70 J = 1, M 
46 7o xY(I, J) . XY(I, J) + DI!) * D(J) F/T11985 
47 8 COTINUE 
41 C 

FITI1916 

F 1 49 C GET REDDCED SQUAPES AND CROSS PRODUCTS IF A NONZERO AND FOLD XY F1;1199:78 
LIVER. 50 C FITI1989 
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A FT1rTFAo 2,/ (vC 1.3Ti) SOURCE LIST/TIG4 F/T1T SUBROUTINE .02/06/73 PAGE 0048 

51 C FIT11990 

57 
53 

.1F ( A .10. o.o ) en TO 110 

no PO I * 1' M 

FIT11991 
FIT11992 

54 s(j) / FIT/1993 

55 01 J = f, M FIT11994 

56 YY(I, J) irXV(1, J) Q * S(J) FIT11995 

57 Pr.', S(1) = FIT11996 

.5i 11" !,r1 170 J = 1, m F/T11997 

59 c:1 120 I a J, M F1111998 

60 120 /11(1, J) a XY(J, I) FITI1999 

61 C F1TI2000 

62 C - SLAVE REnRESSIM4 MATRIX AND CET STANDARD DEVIATION OF Y, FITI2001 
63 C F/112002 
64 n0 16u I a 2, M FITI2003 

65 
66 

a XY(1, 1) 
)(Y(I, I) = 1.0 • 

F1112004 
F1112005 

67 NJ 13) J a I) :4 FIT12006 
6P 13) AY(I, J) XY(1, J) / 0 F/112007 

69 " 150 K c  1,  A FIT12008 

70 IF ( X..[(4; I ) Co To 150 F1112009 
71 = g Y(K, 1) F1T12010 

72 XY(K, I) * 0.0 FIT12011 

73 iG 141 J c 14 M FITI2012 
74 14') YY(R, J) = XY(K, J) • XYCI, J) * Q F/112013 

75 150 Cu r.1- 1".1,8 F1112014 
76 160 CJ 71:+1'E FIT12015 

77 ,lAxo N M, 1 ) FIT12016 

73 C PITIT z sQvT C AvAxi ( XY (I, 1) / (), 0'0 ) ) FIT12017 
79 C F1T12018 

9 
81 

C 
C 

CL3F8FICIFATS C ARRAY' FIT12019 
F1T12020 

92 r(11 M — 1 F/T12021 

83 
"44 

C(2) a 0.0 
!,0 170 I = 2, M 

F1112022 
F/T12023 

85 SU) z, S(1) — S(1) * XVII, 1) FIT12024 
86 17u C(1 + 1) = xY(t, 1) F1112025 

(17 TF ( A 0.0 f c(2) = 5t1) FIT12026 
81-1 F1112027 

89 C F1112028 

90 FIT12029 



APPENDIX F  

PROGRM VARIABLES  

TT(I) Plate Temnerature (°F) 

V(I) Plate Vapor Rate (moles/hr) 

AL(I) Plate Liquid Rate (moles/hr) 

FL(I) Molal rate of flow of component (I) in 

the liquid part of a partially vaporized 

feed. 

FV(I) Molar rate of flow of component (I) in 

the vapor part of a partially vaporized 

feed. 

F(I)= 

FX(I) Molal rate of flow of the entering feed 

A(n1I) Absorption factor of component (I) in 

stage n. 

S(n1I) Stripping factor of component (I) in stage n. 

RVB(nli) (V/b) • 

RLB(n1I) (L/B) no 

P(n) Pressure of stage n 

PREF Reference pressure for K data pressure 

correction 

PB Total pressure for pressure correction of 

K data in bubble point subrouting 
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PD Total pressure for pressure correction of K 

data in dew point subroutin 

PF Total pressure for pressure correction of K 

data in flash subroutin 

RBDCAL(I) Calculated (B/D)i 

DCAL(I) Calculated Distillate (D) 

BCAL(I) Calculated Bottom (B) 

GPR(I) Derivative of B/D equation for applying 

Newton's method 

Ao(I), ) 

A2(i), A3(I), ) 

A4(I) 

Coefficients of polynomials for evaluating 

HLO(I), 

HL2(I), 

HL4(I) 

equilibrium - K 

HL1 (I),) 

HL3(I),) 

Coefficients of polynomials for evaluating 

liquid enthalcy. 

HVO(I), HV1(I),) 

HV2(I), HV3(I),) 

HV4(I) 

Coefficients of polynomials for evaluating vapor 

enthalpy 
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TRIAL Number of trial 

RVD(n1I) (V/D)
nl
i 

RLD(n1I) (L/D) 
no. 

OLDL(n) Liquid Rate of Trial - 1 

OLDV(n) Vapor rate of trial - 1 

XB(I) Mole fraction of component i in bottom 

XD(I) Mole fraction of component i in distillate 

regardless of state in which it is with-

drawn 

YF(I) Mole fraction of vapor Portion of feed 

XF(I) Mole fraction of liquid portion of feed 

TOTALF Total molal rate of flow of the entering 

feed regardless of its thermal condition 

BCOR Corrected bottom 

DOOR Corrected distillate 

DCO(I) Corrected molal withdrawal rate of comronent 

i in the distillate 

BCO(I) Corrected molal withdrawal rate of component 

i in the bottom 
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X(I) Liquid mole fraction of component i 

Y(1) Vapor mole fraction of component i 

FTCON Feed Temperature Condition 

HKCON Thermodynamic data code 

VLDAMP Vapor damping code 

TDA'1P Temperature damping code 

TCON Temperature profile code 

N Number of stages - excludes condenser, 

includes retailer 

M Number of components 

NFP Feed Stage location 

TMAX Tower's maximum temperature 

TMIN Tower's minimum temperature 

T temperature (°F) 

FCON Feed thermal condition code 

VLCON Vapor liquid profile code 

ALNF1 External Ref lux Rate (LN+1) 

D Distillate Rate 

TFEi Feed Temperature Code 

FTOLD Distillate tolerance 

CALD Calculated Distillate Rate 

TOTFL Total liquid portion of feed 

TOTFV Total vapor portion of feed 

THETA Correction factor to correct distillate 

rate 
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CONH V
N
H
N 
-L  

N4.1 
H
NA-1 

CONRH VNHN - LN41HN
4.
1 - FVHv - FLhL 

FEEDH FVH
v 
+ FLh

L 
The flowing variables are used only to plot trial 

versus theta, trial versus distillate rate and etc.. 

THA(J) Theta (correction factor to correct 

distillate rate) 

T1(J) Temperature of stage one from previous 

trial 

TNFP(J) Temperature of feed stage plus one from 

previous trial 

TNFP1 (J) Temperature of feed stage plus one from 

previous trial 

TN(J) Temperature of last stage from previous trial 

V1(J) Vapor rate of stage one from previous trial 

VNFP1 (J) Vapor rate of feed stage plus one from 

previous trial 

TR1 (J) Number of trial 
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APPENDIX G 
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INPUT-OUTPUT OF ILLUSTRATIVE EXAMPLES  



11 5 6 
1.0 1.0 -1.0 r1.0-  0.0 
0.0 1.0 0.1 20.0 00400004500E+00 
225. , 270. 215. 210. 205. 200. 196. 180..  
170. It5, 161. 1459  
0.0 
00.253199L E+0,)0'.P2:17992E-.0200.3704108PE-.04..,0.(13,160000E0700:71090994E.40 
00.27A ri41'r5F+y,-1.11',C7THC-2(;0.6220q9H7E-.04..0,12023997E710600;gil=1:?; 
00.222 0;9(E+0.10209or..C2(4).54022')06E,04-.0.81239989E,.0700. 
00.1!-Y.11a F+1(...;,22f- 4 , F..j.2,)0.31819491E*04-.0.20709997E.,07...0;40599999E..12 
C0.1241 4.0-1.25:.0.1 70C1E-'-'2A+23703"467E.-04.0.£1809998E..08...0,14969997Er.10 
00.44S35'/ J VI+010q.26•E299F-)1c0.64745900E.-05)0.32505998E.-.07.-.0.52879992E..10 
00.52919,9E+r1(0.4C'4q'-9,9E-C10.5704199?E,-0400.25799994E*06...0:32644992E-09 
01."4/0);7E+01.141 09F-0.16052901E-03-0•49556996E.060661558980E-.09 
00.673.431,4., E+010fi.431?9 ;i,F-.11-0.225996E*0400.13574999E..06..0.1,6939999E.-09 
00. 1.7'5''7/0E 4n105.973E-r.2.J0.267739i171-•03...0.86588000E.-0610..1078999PE-05 
(10.):'575• l'F+f,)?-f2.27,5“;99F-JP0.37013/95E-01-0.12388911E-0500;154309SE-0 
00.0.275"11F+u?-j.h,,,,3r.g4E-,2r,0.23645999E-03-0.75789995E-0600.14283981E-01 
00.1:111T,W*4.r.45- 1191;$E-)1-0.1151000E-0301.74338991E-06-0.02781182E-09 
000f,4(•1'3"YiL+7-,.13'619')4E-r,2f;0.304F498?E-03-0.17020975E-0600112168999E-08 
00.21021 7E+f)2-.3)13'.947E-u1:)0.524409921-03-0.17415995E-0500.21789999E-08 
90.0 45.0 . 

5. 15. 25. 20. 35. 



PAGE 1 PROBLE1 PARAETERS I 

NumBER OF STAGES 11 
STAGS  CnLP1T FRoA IOTToM TO TOP OF TOWER 
(P:CLUrES FOOILIRRIP,STAGE RESOILER 
EXCLOOFS CO(!lE':SER.DISTILATE DRUM) 

NUMBER OF CONP0NEATS 5 

FEED STAr,E LOCATIC1 6 

TErAPERATORE PRcIFILE CL" .0 
0.0 T P rFILE rIVEI 

(ma & T MUST nE SUPPLIED) 
PRY1FILE "LIST BE SUPPLIED 

THERmODYNAmIC 17ATA CDE 11. 0  
0,0 CUEFFICIr,iTS OF MAN) iIALS NOT GIVEN 

MUST soPPLv  T) M01l DATA PdINTS (10 MAX) 
HOITS OFG P Y ,i0LE FOR ENTHALPY 
DpiESIP":LESs EQUILIBRIUM DATA 

1., COEFFICIENT NE POLYNOMIAL OUST BE SUPPLIED 

DISTILLATE TYPE COVE .1.0 
'1.0 ALL VAPOR 
0.0 vApfIR & LIQUID (NOT (JPERATIONAL) 
+1.0 ALL LILiUI0 

FEED Colv)ITIO CIDE -1.0 
-1.0 ALL VAPOR 
0.0 VtPr.14 G LIQUID 
+1.0 ALL LI --,), NIn 

VAPOR-LIc\NID PROFILE CODE 0.0 
1.(; vEL PROFILF NU$T BF SUPPLIED 
0.0 v0. PROFILE NOT GIVEN 

VAPOR DA0PINC,  u)rE 0,0 
0.0 VAPOR s LIOUID RATE vILL BE DAMPED 
1.0 vAFoR G LIQUID RATE ALL NUT BE DAMPED 

TEMPERATURE 0A1PING rrmE 1.0 
NEW. T OLD + ( T NEW T OLD) / ( T DAMPING CODE) 

pRINT CODE 0.0 
1.0 HILL PRINT I':TERMEOIATE TRIAL DATA 
0.0 WILL Nrj PRIWT INTFRMEOIATE TRIAL DATA 

MAX NOmlEA OF TRIALS 20.00 



GIVEN ROLYNOMILALS 

PPLYNOmIALS FCR VAN) . LIQUID EQUILIBRIUM DATA ARE 

K( 1)1  ).2F53199T'E 00+T*( 0.9237S991E..0241#( 0•37041987E;04.7*(”0463S60000E,,074.( 0ot1090994E.10)*T))) 
K( 2). u.278495 0(A.T*(0.11902999E-02+T*( 0.62290986E;04+T*(.0.12023997F1,064( 04 10241999E7,09)*T))) 
K( 3)6  u.2 220(196E.  00+T*(-0.165029qctE.n2+T*( 0154N2995E7'04414('0.912399S9F•674( 0053332991E.10)*T))) 
K( 4)8 0.153!)4995E On+T*(.0.22649998E-.021,T*( 0.31d19989Em04+T*(”0.20709997E074.(.0,40599999E.12)*T))). 
K( 5)2 0.16042995E On+T*(-0.261670()0E-02+T*( 0,28703987E.04+T*(m0.98699998E,.08.4(m0,14969997E.940)*T))) 

POLYNO,IIALS FUR V/M,R ENTHALPY DATA AKE 

HVl 
14);f( 

1). 
2)= 

').13575roCE 
0.1527P990E 

124-1-*(-0'.27656998E-014,T*1 0.37013995E*03 T*(•0.12388991E*05+( 0;15431998E,48)*7))) 
02+T*0-0'.60739964E-02+T*( 0.23645999E*03*T*(*0.75789995E•064.( 0.94283981E-09)*T))) 

10( 3)2 c1.13910999E 32+T*( 0.46811996E-01+T*(-0.19588Q00E*03“*( 0.74338999E*06+(*0.92781982E-.09)*T11) 
H)/( 4)= 1940IQ92F 02+T*(-0-93661993E.02+7*( 0.300149(81E.,03+T*0•0.97920975E,06.1.( 0..121613999E-06)*TM 
HV( 5)16 0.21')929F7E (J2+T*0.0.35334997E,-01+T*( 0.52449991E*03+T*(*0.17495995E,..05+( 0,21789999E..08)*1-))) 

POLYNO”IALS FOR LIQUIP FNTHALPV DATA ARE f 

HL( I). C.44i335997E 01+T*( 0'.26882999E.01+T*( 0.64745000E*05+T*( 0.32505998E*07+(..0'02879992E*10)*T))) 
HL( 2).  0.52091999F cl+T*( 0.417,495999E.01+T*(+,0.57043987E*04+7*( 0.25799994E*06+(,0.32644998E,-09)*T)11 
HL( 
HO 

3).  
4): 

3.*54442997E 
0.673439915F. 

01+T*( 
014.T4,( 

0.141n099E-01+T*( 0,16052999E.03.T*(.0.49556996EeR0h+( 0,61558980E..091.7))) 
0.4381291PE01+T*(+00  22595995E.04+T*( 0.13574999E"03+(^0816935999F-09)*T))) 

5). 0.c'3587999E 01+P0( 0.80696977E,024,1*( 01,26773987E.01.iT*(.D.86588000Eo06.1( 0.10789998E1.08)*T))) 

PAGE 



TOTAL 1V.0000 1.000 

FEED IS ALL VAPOR .• 
FEED Dr.',: PoriT TFMPPATURE IS • 203.47604 DEG. F 
FEED bORRLE FPI,NT TEv:PERATuRE IS • 131.59796 DEG. F 
TVIPERAI!AF nF FEEL) IS • 2D1.47604 DEC;. F 

PAGE 

S'" 
Ft l's 
Ft 21' 1.;.:Z° () 
Ft 3). 25.(1000 
Ft 4).. 
Ft 5).  

'S O L E FRAC 
FL( 1). 0,05('1 
Fit 2)s n.1500 
E7( 3). 0.2500 
Fit 4): 0'2000 
F7( 5). _1•35O0 .•  

VAP MoLs/HR 
FV( 1)2 5,0000 
FV( 2). 15.0000 
FVt 250000 
FV( 4)31 
FV( 5). W8888 

100.0000 

VAP MDL FRAC 
VF( 1). 0,05000(10 
vFt 2)3 0.1500000 
VP( 3). 0.2500000 
YFt 
YF( 5)21 8-M2N8 

039999999  

LIQ MOLES/HR 
FL( 1)8 0.0000 
FL( 2)2 0.0000 
FL( 3). 0.0000 

Fl t 5)• ( 5 
( ))8 

u 0000 
 V 

0.0000 

LI0 M01. FRAC 
XF( 1).  0011100no 
XF( 2).  0.0000000 
XF( 3).  00000000 
XF( 4)21 0.011000" 
XF( 5). 0.0000006 

0.0000000 

VALUE OF DISTILLATE IS • 45.0000 VALUE Op EXTERNAL R 

DISTILLATE Trj!LERANCE 0.44999393Er.04 

DISTILLATE IS ALL 'VAPOR 

PRESSURES 'fIERE NOT SuPPLIEO . 
)0.0AIA 8E PRESSURF CORRECTED 

FLUX IS • .90.0000 



***** INITIAL DATA SETTING ***** PAGE 4 

THE INITIAL VAPJR CIOU/D & TEMPERATURE PROFILES 

NUNBERIV. 

LAST 
FIPST 

IS FkOM i'OTT(10 Tr THE TOP OF THE TOWER 
STATE IS THE CONOrNSER..OISTILLATE ()RUM 
STAGE IS Al': EQUILPRIOM STAGE RERPILER 

;-1OLSOR MILS/HR DEG; P 
V( 116  35.000 Lt 1): 55.000 Ti 225.0000 
V( 2)2,  35.000 Lc 2)w 90,000 Ti 2)0 220,0000 
V( 
vc 

3)0 
4). 

35.000 
35.000 

Li 
L( 

3):  
4):  

90.000 
90.000 

Ti 
Ti 

3). 
4)0 

215.0000 
210.0000 

v( 
vc 
1( 

5)0 
6)= 
7)= 

?5.000 
15000 
135.000 

L( 
L( 
L( 

5):  

6):  
7):  

90.000 
90.000 
90.000 

Ti
Ti 

Ti 

5)0 
6)4 
7)4 

205.0000 
200.0000 
190.0000 

v( I): 135.000 Lt 8)0 90.(100 Ti 8)4 180.0000 
v( 
Vi 
v( 

cfla 
10)= 
in. 

135.000 
115.000 
135.000 

Lt 
L( 
L( 

9): 
10)a 
11): 

90.0J0 
90.000 
90.000 

Ti 
Ti 
Ti 

9)4 
10)4 
11)4 

170.0000 
165.0000 
160.0000 

vc 12)= 45.000 L( 12)w 90.000 Ti 12)4 145.0000 



PAGE s**** INTERMEDIATE TRIAL ***** 

CALCULATED Dm 16.57919 FOR THETA • loo 
0 CoRREcTO. 45.02814 THFTA a 0 46489 D SPEC • 45-.60600 

CALCULATED 00  46.3047 FOR THETA • 110Q0 
0 C0RP Er,TED 45.00316 THETA = 1.09712 SPEC • 45.60000 

CALCULATED Pa 45.10771 FOR THETA a 1,00 
n  CORRECTED 45.00000 T H ETA = 1.01360 D SPEC • 45.60000 

CALCULATO Da 45.00,190 Fr* THETA m 1.00 
o CORRECTED 4 5.00000 THETA 0  1.00068 D SPEC • 45'.60000 

cALOTATO na 45.26210 FrR THETA a 1.00 
0 CORRECTED a 45.00000 TCIETA a 1.01879 D SpEC • 45'.60006 

CALCULATFP f:111  44 60915 FrR THETA • 1 00 
D CORRECTED n 45:0G000 TETA a 0.91862 D SPEC . 45.60000 

CALCULATED Da 45 37260 FnR THETA • 1 00 
D. CORRECTED a 45:00000 THETA • 1.02718 SPEC a 45.60000 

CALCULATE') Pa 44 60324 FIR THETA a 1A00 
0 CORRECTED a 45:00000 THETA 2 0.9268 D SPEC • 45.80000 

CALCULATO 0: 44 74521 F[R THETA • 1.00 
0 CURRFCTED 45:00002 THETA - 0.98 200 D SPEC • 45.80000 

C.COLATrO f)a 44 92790 F',12 THETA • 1.00 
D CHRRECTED 45:00000 THETA • 0.99495 D SPEC • 45.00000 

CALcULATEn On 45 2')248 FnR THFTA • 1 00 
D CORRECTED a 45:00002 THETA • 1.0/462 0 SPEC as 45.60000 

CALCULATE!' Ca 44.76755 FrR THETA a 1.00 
0 CORRECTED a 45.00000 THETA = 0.98377 D SPEC • 45.00000 

CALCULATED Pa 45.25204 FrR THETA • 1.00 
D CORRECTED a 45.00000 THETA a 1.01829 0 SPEC a 45. 0000 

CALCULATED la 45.25108 FoR THETA • 1.00 
0 CORRECTED m 45.00002 THETA • 1.01803 0 SPEC m 45.00000 

CALCHLAT'0 02 44.99577 FOR THETA • 1.00 
CORRECTED 44.90998 THETA a 0.99970 SPEC • 45.00000 

CALCULATED no 44.919o7 FOR THETA a 1.00 
D CORRECTED a 4 5.00000 THETA a 0.99362 D SPEC 1 45.60000 

CALCULATE') Da 45.1631 F!'IR THETA a 1,00 
0 CURPV,TPD 45.00002 THETA a 1.00764 D SPEC a 45.00000 

CALCULATED pa 44.8A097 FOR THETA m 1.017 
0 CORRECTED a 44.9999d THETA = 0.91160 D SPEC a 45.00000 



***** INTERMEDIATE TRIAL ***** PAGE 

CALCULATED la 
CrIRRECrED ■ 

CALCULATEn 0. 
0 CoRRECTEO 

44.81931 FnR THETA s loon 
44.99994 THETA • 0.98724 D SPEC • 45.60000 

45.04012 FOR THETA a 1.00 
45.00002 THETA • 1.00285 0 SPEC • 41;60000 



V( 
V( 
v( 
vc 
VI 

V( 
v( 
v( 
V( 
v( 
v( 

1). 

412 
5)a 
61= 
71= 
81= 
91= 
101= 
111= 
12)= 

L( 
L( 
L( 

L1 

L 
L

c L
c L
c L
c L
c 

11. 
2)2  
31= 
41= 
5/2 
6)= 
71= 
8)2 
912 
10)2 
11)2 
1212 

T0WER n11.  NIT Cr.1VERC,E , IT ST1PED AT TRIAL 0 20,00 
FINAL VAPT4  $ LIQJID E TEmPERATOPE PROFILE 

mumBERT-IG IS FRuil 3niT';11 T9 THE TOP OF THE TOWER 
LAST STATE IS Tr1= CONDFNSU.,DISTILLATE DRUM 
FI R ST STi%GF IS El EQUILIRIUm STAGE REBOILER 

TI 
TI 
T( 
T1 

T1 
T( 
T1 
T( 
TI 

TI 

;IrLs HR 
38.764 
38.627 
11 522 
38:417 
38.2')6 
38.151 
13i.033 
138.29'1  
131.721 
139.542 
135.,)12 
45.990 

M LS/HR 
55.000 
9306, 
93 627 
93:522 
91.417 
93.296 
92.816 
93.(03 
13.299 
93.721 
94.542 
90.000 

DEG; F 
1), 216.8075 

es
2 08 2 

2110
2287
5i7 

31  
4)2 206:0880 
5)2 204.5969 
612 203.4166 
7)2 202.1485 
812 200,4881 
9)2  197.2617 
10)2 191.7381 
11)2 1B2.'057 
12)2 168.7783 



• 

• 

+01097123E+01 

+$1039645E+01 

4.99921662E4.0i) 

+0246904E+00 

+002145E+00 

+0e097386E+00 

+052262^E+00 

+96947Ah9E440 

     

  

0 

a a a a 
a a a 

a a a 
a a a n 

a a  
ft 

   

• 

   

• 

• 

a 

• 

• 

Iw 

+.6373111E+00 

+.5790352E+00 

+.5223393E+0 

+.46481160E+00 
• 

LA) 

+.1000001E+01 +.706/416E+01 +.706/416E+01 +.1233258E+02 +.1900003E+02 

PLOT OF TRIAL VERSUS THETA 



  

..... 

   

+.4631950E+02 

4.'4543196E+07 

#•404t41E+02 

+,4366287E+02 

4.•4277732E+02 

+.41e9178E4002 

+,41U0624L+02 

+.4012'7)69E+02 

+43923515E+02 

+43Ba4966E+02 

+.3744406E+07  

e. e. 

a a 

0 

It +1,3657927_E+02 

4..1000001E+01 
I  

+.7667416F+01 +.1293258402 4.. 9 nO3E402 

PLnT nF TPIAL VPRIM rocTTLCATF 



a 

a 
a 

a a a 
n 

a 

LI +.2211797E+01 

+.22-7- 16E+03 

+.222,2235E+01 

+.2197453E+01 

+.2192672E+03 

+.2197891E+03 

+.2163i09E+03 

I-82178./26E+03 

+$2173547E+03 

+.2168765E+03 

+.2163984E+03 

+.215920E+03 

PLOT PF TI;141. VikSUs 7(1) 

+.1000001E+01 +.7067416E+01 +1129325PE+02 +.1900003E+02 



• 

+$2112207E+03 

+.2104904E+03 

+.2047602E+03 

• 

10 

a 

+.2090299E+03 

+.202996E+03 

+.2075693E+03 

+.2008390E+03 

+.2061087E+03 

+.20.53764E+03 

+.204648?E+03 

+.2039175E+03 • 

A U 
A 19 A 

+.2031880E+03 
• 

+.1000001E+01 +.7067416E+01 +$1293258E+02 4.1900003E+02 

PLOT OF TRIAL VERSUS 7( 61 



+.2098081E+03 

+.2090982E+03 

+.2083877E+03 

wI 

ft 

-la 

+.2076772E+03 

+.2069667E+01 

+.2062561E+03 

+.2055456E+01 -I 

+.2048151E+03 al 

+.2041246E+03 WI 

+.2034140E+03 • 

I 
+.2027035E+03 1.1 a 

I 
I 
I 
I 

a a 

n 
a 

a a 

a 

a 

a 
a 

a 

a 

a a 

+.2019936E+03 .1 a a a 

• 

• 

e 

• 

• 

• 

I I 
es1000001E+01 +.7067416E+01 +.1293258E+02 +.1900003E+02 

PLOT qF 711AL VrRSON T( 71 



+.1810'414E+01 

+,1832934E+03 
a 

a 

• 

+.1826954E+03 

a 
a 

a 
• 

+.1820974E+0 PO 

+.1814994E+0 • 

+.18n9:)14E+03 • • 

+.180314E+05 

+.17v7o55E+03 • • 

+.1791075E+03 .1 • 

+.1785095E+03 .41 • 

+.1779115E+03 .1 • 

+.1773'37E+03 -In • 

+.1000001E+01 +.7067416E+01 +.1293258E+02 +.1900003E+02 

PLOT riF 7&16L VERSUS T(11) 



+.4073344E+02 

+.4121220E+02 

+.396996E+02 

+.3916972E+02 

+.386048E+02 

+.3812724E+02 

+.3760600E+02 

+.3708476E+02 

+.3656152E+07 

+.3604228E+02 

1 

+.3,552104E+02 -I 

1 
1 

1 
+, '00003E+02 .10 

0 

' - 

• 

a 

0 

PLOT nF TR1t,L VER'ius VII) 

1 
+.1000001E+01 +.7067416E+01 +.1293258E+02 +.1900003E+02 



f.•••••• 

+.4034710E+02 IMP 

+.39P5e,41E+02 

a 

a 

+.393707E+02 

a a a 
+.3348504E+02 

a 

+.3o39135E+02 

+.3791366E+02 
a 

+.3742797E+02 a 

+.36q4229E+02 

a 

+.8645660E+02 

+0897091E+02 

+.3548522E+02 
a 

a 

+.3500003E+02 a_ 

• 

a 

+.1000001E+01 
I . 

4:78674i604,01 +$ 1293258E+02 +.1900003E402 
Lo 

PLOT nF TFIbt. VERSUS V( Al 



a 

a 

+.14o6 5E+01 

+.14)146AE+03 

+,1396121E+03 

+.13?1175E+01 

+03:16,124E+03 

+..131081E+03 

375734E+05 

+.1370 7E+03 

+,1365441E+03 

+61360294E+03 

+.1355147E+03 

+.1350000E+03 

I, 

+41000001E+01 4.7067416E+01 +,1293258E+02 4.1900003E+02 

•PLOT 14. TRIAL VIR.W% V( 7) 



11 5 6 
1.0 1.0 .00 
0.0 +2.0 200. 00,0c045000E+00 
225. 22). 215. 210. 205. 200. 190. • 180e 
170. 165. 145. 
0.0 
00.2,:,531 4E+0,100. 6 2;-7912E-)2y0.17041988E-34-0,63(360000E.....0700:71090994E-10 
01.27 8 4,715E+0.110 12119r-0200.62210107E-04-0.12023997E-06,00;10241994E-09 
o0. 222 <!,02 9.7 tiV-..21.0.54022'i96E-04-0.81239989E-0700.53332991E-10 
00.1c 3'.9'1lf+0,-1.22',4 1,15.,:2 ,1.31319989E-04-0.20700997E-07-0.40509/99E-12 
00.1s0421 21,0.23703907E-04-11.$18699999E-118.0114969,07E-10 
n0.44615';37E+,11c,'.26'ti?C or--Im64745;100E-0500 .32505998C-07-0.52879992E-10 
00.52090c1+11u0.4 ;:149',9/9C-rq-0.5704398flE-0400.25799994E-06-0.3264499SE-09 
00.t 44 4 2 -)'17+010:, .141) 919r-°1-0.16052 909E-03-0.49556996E-0600;61558n8uE-09 
00.07343/9 ,r-:.01c:'.43.1799Pil- ,1-0.225?5196E-0400.13574999E-n6-0.16933999E-09 
00.'0.7"/E 4- 010, 9f'')7Hr- 2).26773967E-01-0.96588000E-0600.1073990PE-08 
00.1';575. ,;14-,)7":% .2705i9),, r-1;w.37011.4 95E-03-0.12363991E-050615431998E-08 
00.1',27 4-n2_ 7 3 ,k,h4r-260.21645991E-03-0.75700995E-0600.94233951E-09 
10813910-mF+r,2(,).4 6 , 119q61-0.19500E-0300.7433; 099E-06-0.92781982E-0 
03.114'1r.0 11-77+2--.03'.61'1)4E-12c0.3!)46-7v2E-03-0.07A20975E-0600;12168199E-06 
c1.2102971E.+02-e.35:,349";7E-01yo.52449992E-03-0.17495995E-0500.21789999E-08 

450 
5. 15. 25. 20. 358 



pRnALEm pAllAvE T ERS t pAGE 

NUNS 
AGES CrIONT FROM ,1•oTT0M T1 TOp OF TOWER 
OP STAGFB 11 

(IALODES EIJILI1ENI.STADE RE30ILER 
EXCLOOES Cri..:E.SER-OISTILATE 0Rum) 

-NumBER OF CTIPUATNTS 5 

FEED STAIE LnCATTNJ 6 

TEMPERATURE PVIFILE COVE 1.0 
T PeF1LE !,OT 
{;SAX C mIN T mds7 sPPLIED) 

1.0 T Pv:IPILE 'OUST dE SUPPLIED 

THERmolycA:"IC rIATA C DE 1.0 
0.0 CrEFFICIETS IF POLY''lmIALS NOT GIVEN 

"1ST SUPPLY 7NERM6DY.4AAIC OATA POINTS t10 MAX) 
O,IITS PEG F / '1..RT11/4  MULE FOR ENTHALPY 
D1,17!SIU4LESS FOR VsL FOOILIINUUM DATA 

1.r C9EFPICIENT PULYN!'MIAL MUST BE SUPPLIED 

DISTILLATE TYPE C,rE .I.n 
r1.0 ALL YANA 
0.0 v AR'AR LIQ0IP (WIT OPERATIONAL) 

+1.0 ALL LI:)11'3 

FEED C9M0IT1.2N OF 
-1.') ALL VA LK 
0.0 vAp:IR 6 LIQuIn 

+1.0 ALL Lir.11) 

vAP0R.L100Io PROFILE VIDE 0.0 
1.v VEL rAnFILE -UST 6r SUPPLIED - 
0.0 VEL PRLFILE fsOT GIVEN 

VAPOR DAMPING CODE 1.0 
0.c). vAPOR C LIMUIC RATE 4:I LL BE DAMPED 
1.0 VAPOR C LIUID RATE JILL NOT BE DAMPED 

TEMP pATuRE IANPIN(*. CODE 2.0 
T UL' ( T NEw T OLD) / ( T DAMPING CODE) 

PRINT CODE ca 
1.1 AILL FRINT LITERmEDIATE TRIAL DATA 
0.0 ',ALL NNT PRImT INTERMEDIATE TRIAL DATA 

MAX NUMBER OF TRIALS 200.00 



GIVEN POLYNO0ILALS 

PNLYNOVIALS FPR VAPL" , LIQUID EQUILIBRIUM DATA ARE i 

K 0.2R531,)9AE Oe+T*( 0.P27f1991E-02+T*( 0.37041907E;04+TIO00. 0)3860000E.,07+( 0.71090994E10)*T))) 
K( 1 .278t)4995E 07)+T*(.4).11902990 E024.7*( 0.62290986E ,-04+T*(-,().12023997E06+( 0•10241999E-09)*T)11 
O 3)u 0.22200996E Oc+T4(.^.1850299RE.p02+T*( 0.54022995E-04+T*(.0.512399B9E•07+( 0•53332991E-,10)*T))1 
• 4)= (.153,7'9993E Do+ (.().2254999,1E.02+T44( 0.31819989E-04+T*(.0.2070999TE--07+(..0•40599999E-12)*T))) 
K( 5)11 01160429'45E W) (-u. 2-63B.M0E-n2+Ti4( 0.26703987E-04+T*(FO.R8h99998E-,0840.14969997E-10)*T))) 

POLYNONIALS FrR VAPiA4 ENTHALPY nATA ARE $ 

PAGE 

H ( 1)= ri.13575000E 
Hv( 2), Q.15278999E 
HV( 1)= 0.11910999E 
H V( 4)= ,7).194019a2r 
dV( 5)m 0.21(929B7E  

r24-TA(.0;2765699RE-014.T*( 0,37013995E.034.T*(-0.12380991E-.054.( 0'.15431998E,-08)*T))) 
n24-1** (-0,671964E-02+To 0.23645999E-03+T*(-0.757,99995Eu06+( 0.94283981E-09)*T))) 
Q24-T*( 0.46311E-01+7*(-0.19586000E-03+T*( 0.74338999E,,04+(-0.92781962E-09)*T))) 
n2+T*(-0,93661°93E-02+T*C 0.10484981E-01+1*(-0.97820975E06+( 0.12168909E-08)*T))) 
()2+1*(-0.35334r:7E-01+1*( 0,52449991E-03+1*(.0.17495995E,-05+( 0.21789999E-08)*1))) 

PuLYNOlIALS ELIR LIQHID ENTHALPY DATA ARE I 

HL( 
HO 
HO 

1)1: o.4433599 7E 
2)= ().52,91941f: 

J.64442997E 
4). 0.673437W 
5)= (J. 597999E 

0.268P29q 9 E-01+T*C 
0.4'.495q94E-01+T*( 
0.14100',99E-01+T*( 
0.4102q ,1,1E-01+7*( 
0,3969077E-02+T*t 

0.64745000E.p05+T*( 0.32505999Eu07+( 
-0.570439R7E.044.T*( 0.25799994E-06+( 
0,16052999E,03+T*(.0.49556996E-06+( 

"0.22595995E-04 4 T*( 0.13574499E-06+f 
0.26773987E,-03+T*(.0.965613000E,,06+( 

-0.52879992E-10)*T))) 
.-0.32644999-9)*Tm 

0,6155899°EE-009)*TI)) 
-0.16938999.E.-,09)*T))) 

0;10789991%E-081*TM 



FEED IS ALL VAP JP. • 
FFFD PFH Pq1,J TEMPFATURE IS = 203.47604 DEG, F 
FEED B1110LF FrITT TEFERATHRE IS a 181.59796 DEG, F 
TrIPFRAToq nP FEEIJ 2S ; 201,47604 DEG, F 

PAGE 

Amis/HR 
F( 1)41 5.r.1000 
Ft 2),, 150)000. 
Ft 3)x 25 1000 
Ft 4)11 2n.copo 
Ft 5)x 15.0010  

tiOLE FRAC 
F7( 1)= 1.0500 
F7( 2)= 0,1500 
F7( 3)te 0.2500 
F7( 4)= 0.2000 
F7( 5)a 0.3500  

VAP MOLS/HR 
FV( 1): 5..0000 
FV(  
FV( 3 

2)0 
2150000 
.0000 

)E 5.  
Fvf 4). 20:0000 
FV( 5)0 35.0000 

100.0000 

VAP MOL FRAC 
YF( 1). 0.0500000 
VF( 2)8  0;1500010 
YF( 3)m 0.2500000 
YF( 0,2000000 
YF( 5)",  0.3500000 

0.9999999  

Lig MOLES/HR 
FL( 1)a 0.0000 
FL(  
FL( 3 

2 0 
))a 0
' 

.0000

.0000 

F( )1, 00 
FL
L 4" 
( 5 0.0000 

0.0000 

LTQ (1111. FRAC 
XF( 1)* 0.0000000 
XF( 2)8  0.0000000 
XF( 3)s 0,0000000 
F( 4). 0.0000000 
XF( 5). 0.0000000 

0.0000000 TOTAL 100.0000 1.0000 

VALUE FIF IISTILLATr IS c 45.0000 VALUE OF EXTERNAL REFLUk IS 90.40000 

DISTILLATE TULFRAhCE 0.44999993E703 

DISTILLATE IS ALL VAPOR . 

U.MNILL toRREcTE u . 



V( 1)2  
v( 2)= 
v( 3)• 
v( 4)= 
V( 5)* 
v( 
v( 

6)= 

V( 8)= 
v( 
v( 

9). 

V( IY" _)* 
V( 12)= 

MULSP-,R 
35.000 
35 00o 
35:000 
35.000 
35.000 
35.0$0 
115.000 
185.r)00 
135.000 

18S 
45.000 

***** INITIAL DATA SETTING ***** PAGE 

THE INITIAL VAPOk , LIQUID , c TEMPERATURE PROFILES 

F001Lp1RIUm STAGE 

VilLS/HR 

REFoILER 

DEG. F 
L( 1)= 55.000 T( 1)' 225.0000 
L( 2)22 90 000 T( 2).  220 0000 
L( 3). 90:000 T( 3).  213:0000 
L( 
0 

4)2 
5)g  
(1)g 

90.000 
90.000  
90.000 

T( 
T( 
T( 

4).  
5): 
6)' 

210.0000 
205.0000 
200.0000 

7)= 
8)= 

90.000 
90.000 

T( 
T( 

7).  
8).  

190.0000 
160.0000 

L( 9):  90.000 I( 9).  170.0000 
L( 
L( 
0 12)4 

90'000 
90.000 

T( 
T( 
T( 12). 

Ig1.8888 
10:0000 

MUrFERI IS Friztim noTTim T1 THE TOP OF THE TrWER 
LAST sTA(%E. IS THE CONDENsER—DISTILLATE DRUM 
FIRST sTrnGE TS A 



PAGE 5 ***** INTERMEDIATE TRIAL ***** 

CALCULATED D. ..7919 FOR THETA • 1.00 
V:RPECTED a 45.07614 THETA a 0.46109 0 SPEC I 45.60000 

CALCOLITEP Da 41.14748 FIR THETA • 1.00 
0 CrPRECTFD ■ 45.0191 1 T:1ETA = 0.7304 5 0 SPEC ig 45.00000 

CALCULATEC, )a 43.4;;446 F1R THETA a 1.00 
0 CORRECTED s 45.00000 THETA a 0.88845 D SPEC • 45.00000 

CALC01.1.TO 44.41798 Fr'R THETA a 1.00 

CORRECTED a  45.0^000 THETA n 0.95914 D SPEC 62 45.00000 

CALCULATE') 02 42.65924 FAIR THETA a 1400 

0 CORRECTED a 45.00000 THETA a 0.84062 0 SPEC 45.60000 

CALCULATED D'a 45.51279 FgR THETA a 1.00 

0 CrARECTFO a 45.00000 THETA • 1.03858 D SPEC • 45.60000 

CALCULATE„ r1 44 45.079e8 FOR THETA = 1.00 

0 CORRECTED • 45.00003 THETA = 1.00581 D SPEC • 45'00000 

CALCULATF0 D= 45.0149 FOR THETA a 1.00 
0 CURkECTED 45.00002 • THETA . 1.00667 0 SPEC • 45.00000 

CALCULATE,  44.95998 FIR THETA a 1.00 
0 CORPEC1C0 = 45.00000 THETA a 0.99713 0 SPEC • 45.00000 

CALCAtTE, ns 45.02974 FIR THETA = 1.00 
CIRPECTED 44.99998 THETA 1.00215 D SPEC • 45.60000 

CALCUIATFO '"Js 
D CORRECTED a 

44.95623 
45.00000 

FIR THETA 
THETA m 

a 1.00 
0.99688 0 SPEC= 45.60000 

CALCULATEr ns 45.011'60 FHR THETA • 1.00 
0 CORRECTED n 45.00002 THETA 1.00113 0 SPEC • 45.60000 

cALcuLATE, 44.96701 FIR THETA a 1.00 
D CORRECTED 45.00002 THETA • 0.99765 0 SPEC • 4500000 

CALCULATED n2  45.01515 FOR THETA a 1.00 
0 CORRECTED a 45.0o002 THETA a 1.00108 0 SPEC a 4500000 

CALCUL A TE,} 44.97615 FOR THETA a 1.00 
0 CORRECTED a 45.00000 THETA a 0.99832 0 SPEC a 45.60000 

CALCULATED ra 45.01259 FIR THETA • 1.00 
D CORRECTED a 45.00000 THETA a 1.00090 D SPEC • 4500000 

CALCULATE, 44.9R305 F1'R THETA a 1.00 
.0 CORRECTED a 45.06000 THETA a 0.99879 0 SPEC • 45.00000 

CALCULATED Om 45.01024 FOR THETA a 1.00 
Cr1RRECTE0 = 45.01012 THETA = 1.00073 SPEC 44 45.60000 



***** 

D SPEC • 

D SPEC • 

INTERMEDIATE TRIAL ***** 

4560000 

45'00000 

D SPEC • 45 60000 

D SPEC 4 45'•60000 

D SPEC P 4%00000 

0 SPEC • 4500000 

D SPEC • 45.60000 

0 SPEC a 

SPEC 0  

D SPEC ■ 

45.00000 

45.60000 

45:60000 

D SpEC ,• 45.60000 

0 SPEC = 45.00000 

0 SpEC • 45.00000 

0 SpEC a  45.00000 

D SpEC • 43.00000 

D SpEC a 45.00000 

D SpEC n 45.60000 

PAGE 

FoR THETA lu 1.00 
THETA a 1.00007 D SpEC a 45.00000 

FUR THETA 
THETA si 

F) R THETA 
THETA 

Fr:R THETA 
THETA a 

PIR THETA 
THETA a 

FOR THETA 
THETA a 

• 1.00 

0 99913 

7 ,(3? ;13 

7 W36 

7 ,;82.6 

m 1.00 
0 99952 

FOR THETA • Ion 
THETA u 1 00036 • 

Fr!R THETA m 1.00 
THETA a 0.99964 

FOR THETA a 100 
THETA = 1.00028 

VAR THETA 
THETA M 

O 1.00 
0.9973 

FoR THETA • 1- 00 
THETA a 1.08021 

FnR THETA 
rIETA 

FoR THETA 
THETA ' 

FoR THETA 
THETA 6 

FOR THETA 
THETA a 

FOR THETA 

THETA ' 

FnR THETA 

THETA U 

• 1.00 
0.99980 

a 1.00 
1.00016 

• 1.00 
0.99965 

a 1.00 
1.00012 

m 1.00 
0.99988 

n 1100 

1000009 

FOR THETA • 1.00 
THETA   a 0.99992 

CALCULATE^ 08 44.90769 
0 CORRECTED = 44 99990 

CALCULATE^ Du 45.0nRo 
0 c;1RPECTE0 • 45 0(1002 

CALCULATED 0,a 44.90095 
0 CORRECTED • 4h 00000 

CALCULATED la 45.0,1644 
0 CORRECTED 211 45 00002 

CALCULArE0 Da 44.99327 
0 CoRRECTED u 45 .000D2 

CALCULATED r)18 45.0050a 
0 CORRECTED M 45 000(,1 

CALCULATE') pa 44.9')501 
D cORpEcTED • 45.000(,0 

CALCULATE0 pc 
o  cAREcTED  

45.00391 
45.00000 

CALCULATED 44.90619 
0 CORRECTED 45.01002 

CALCULATED !). 45 00302 
D CORRECTED 45..00000 

CALCULATED 44.99715 
0 CURREcTED 45.00000 

CALCULATE!) no 45.00279 
0 CORREC ED a 45.00000 

CALCULATED 0$ 44.90728 
D CORRECTED • 44.9999a 

CALCULATEr, 45.00171 
0 CCRREC T F0 • 45.00000 

CALCULATED) na 44.99840 
0 CriRRECTFD 45.00002 

rALcULATE0 De 45.06111 
0 CORRECTED 0 45.00000 

CALCULATED va 44.9CR79 
D CORRECTED 44.99998 

C ALC ULATE(` n a 45.00090 
D uRREcTF D  • 45.00002 



CALCULATED 0. 44.99911 
0 CDPRECTED a 44.99990 

CALCULATED 16 45.00070 
0 CORPECTE0 45.00000 

44.99913 
44.99993 

'NU,33 0 cnkpIcTED 4  

44.99953 
0 coRPEcro • 44.99998 

• 

45+00034 
45.00012 

CALCULATED F'a 
0 CnRPEcTED a 

CI,LCIAATED no 

CALCULATED Cs 

CALCULATED 1). 
C ALC ULATE.') f). 

FrA THETA 
THETA 

FOR THETA 
THETA 

• 1.09 
0 99994 

* 1.00 
1.00005 

***** 

0 SPEC ■ 

0 SPEC • 

INTERMEDIATE TRIAL ***** PAGE 

45'.00000 

45;04000 

FOR THETA • 1.00 
THETA • 0 99995 0 SPEC • 45:00000 

FflR THETA a 1000 
THETA a 1.00004 0 SPEC 45-.60000 

FOR THETA 
THETA (1  0 9)997 0 SPEC • 49'.60000 

FOR THETA ■
1'8' F OR THE TA . u. 

7 



TOWER C:10ERGED AT TRIAL H 43'.00 PAGE 1 

FVAL VAP',3R LIQUID TEMPFPATURE PROFILE • 

NU1'8RV;(; Is FRO liuTTHM Tr, THE  TOP 0F THE TOWER 
LAST STAGE IS THI CON))rHSE:?,rDISTILLATE DR O M 
FloT STA6F. IS EVILF,RIUm STAGE R EOUILER 

.1r115/°K WILS/HR GEG'. F 
VC 1)a 16,948 L( 1)' 554.000 T( 216.858 
V( 2): 38 1..fR Lf 2):  93 948 T( 21n 211 601 
V( 3)o 38:602 0 3):  93:p09 7( 3)8  2(18:268 
V( 
v( 

4)o 
5)o 

38.567 
38.420 

Lt 
( 

4):  
5). 

93.692 
93.567 

7( 
7( 

4111 
5)n 

206.118 
204,621 

V( 6): 36.243 
LL c 6)o 93.420 T( 6):  203.438 

V( 
v( 

71= 
8)= 

13E.3e)5 
13P.557 

1( 
L( 

7)8  
8)= 

93.243 
93.365 

7( 
T( 

7)n 
8)8  

202.363 
200.479 

V( 9): 118.,429  L ( 9)= 93.”7 7( 9)1 197.229 
V( 
V( 

10)= 
11)= 

139.710 
135.000 

Lt 
( 

10). 
11): 

93.C20 
94.710 

7( 
7( 

10)' 
11)= 

191,693 
182,534 

V( 12)= 45.000 Lt 12). 90.000 7( 12): 168.715 

01STILLATF) 
millS/HR 

(;t 1). 40313 
0( 2). 12.6024 

" 3): 18,5537 
0( 4): 4,b317 

D( 5): 4•1A91  

MDL FRAC 
Y( 1)o 0.1096291 
Y( 2)= 0.2P20519 
Y( 3)= 0.4123032 
Y( 4)= 0.1029258 
Y( 5). 0.0130905  

K-VALUES 
KC 1)91 2e4889221 
K( 2): 1055P674 
Kf 3)' 1,1006508 
K( 4). 0,5769217 

K( 51' 0.4775671 

a 859:7888 M;037U/HP LIG. ENTHALPY 4  M,;87U/HR 0.0000 

a 45.00C:1 TOTAL = 1.000000U 

TEMPI RAToRE = 160.72 UFG. F VAPOR ENTHALPY 

CONDENSER rRITY = 814.5039 (1-,(PUT/HR 

xt 

xt 

Xf 

xc 

IITTOmS 1 

MOLS/HR 
11= 0.0667 
2)= 2.3076 
3)= 6.4453 
4). 15.36P3 

5)= 3C•"1-19  

MOL FRAC 
1)' 0.0012123 
21= 0.0419571 
1)= 0.1172056 
41= 0.2794240 

5): 0.5602001 

'(..VALUES 
KC 1)a 3.3305597 
Kt 212 1,9495716 
K( 3)11 1.6507549 
K( 4). 0,9462205 

KC 5)m 0.8145106 

3( 
BC 
1'1( 
Et( 

B( 

0 a 54.9998 TOTAL = 0.9999999 

TEMPERtT!',:4F 216.115 DEG. F VAPOR ENTHALPY 0:0000 MrBTU/HR LIQ, ENTHALPY 866.8931 H.OTV/HR 

REBOILER DOTY 317.0401 m-BT11/HR 



41**** MATRIAL & ENTHALPY BALANCE ***s* 

mATR1AL 6ALA'iCE 
IN  
WLV 1 R) 

OUT  

F( 1). • 5.n0e0 0( 1)4  4,9333 BC 1)n 0,0667 
F( 2)4 15.N'w0 U( 2)11 12.6924 B( 2)4  2.3076 
F( 3). 250000 0( 3). 18.5537 B( 3). 6.4463 
P( 
F( 5)= 5.001:0 0( 5 4)4 4.109311 i31 gr: 5 0.”83 

.H109 

TOTAL 10n.00w) 45,0001 54.9998 

ENTHALPY PALANCE 01)/1AR) i 

FEEn 
kEmiLER 

2204.0955 
iA37.0403 

DISTILLATE 
nUTTOM 

859.7388 
866.8931 

CONDENSER 814,5039 

TjTAL 2541.1357 2541.1357 

PAGE 



1, 
1' 
1, 

la 

mOCS/HR 
1)x 0.0667 
2)x 2.3076 
3). 6 4463 
4). 15:368.1 
5). 30.8109 

TOTAL 

vOL FRAC 
X( 1). 0.0012123 
X( 2)11  0,0419571 

X X( 4). 0:2794248 
3)x 0 1172056 

5). 0.5602001 X( 
...... 
•  0,9999999 

LIQ. ENTHALPY 

2 PLATE !R,..1ER 

3 

Vt 2). 3h.e0,'.0 

TEP,PERATuRE = 

PLATE NU11;ER = 

3), q3.8078 L( V( 3)= 33.6920 TOTAL = 1.1000000 TOTAL 1.0000000 

2CA.27 TEmPERATW;F = 

PLATE NUVBFR • 4 

DUG. F VAPOR ENTHALPY ▪ 1420.2505 H.RTU/HR 874;3960 M487U/HR LIQ, ENTHALPY 

V( 
V( 
Vt 
V( 
Vt 

4* 
4, 
4, 
4, 
4, 

0.7048 
5.435 
10.2672 

13.5753 

MOL FRAC 
Nit 11= 0.01i2744 
Y( 2). 0.1411133 
Y( 3). 0.2662135 
V( 4). 0.2224849 
Y( 5)4  0,3520147 

K.IVALUEs 
K( 1). 3.116421 
K( 2). 1.811055 
K( 3)x 1.520631 
K( 4). 0.856015 
K( 5). 0.731331 

HOL FRAC 
X( 1)x 0.0058265 
X( 2)* 0,0778626 
X( 3). 0.1750680 
X( 4). 0.2599079 
X( 5). 0,4813349 

MOLL/HR 
Lt 4a 1)x 0.5459 
L( 4, 2)* 7.2951 
L( 4.1 3). 16.4025 

4# 4). 24.3513 
Cc 4, 5). 45.0972 

TrPERATORE = 
x 1404.2578 Mo.RTU/HR 206,12 DEG. F VAPOR ENTHALPY • 862:9189 M..8TU/HR LIQ. ENTNALPY 

* 111g* TRAv COmPOITTION **41314 PAGE 

PLATE NUMBER 1 

',.,OLS/HR 
0.1573 
1.11159 
7 5157 
10:2979 
17.7718 

V( 11= 

TEMPERAT, 7kr 

(EQ. STAGE REDOILER) 

MrL FRAC 
YI 1)2  0.040177 
YI 2). 0.0817981 

1)= 0 1934776 
YI 4): 0:2643974 
YI 51= 0.4562392 

L( 1). 54.9998 

K;VALuEs 
K( 1). 3.336560 
K( 2). 1.949572 
K( 3). 1.650755 
K( 4). 0.946221 
K( 5). 0.814511 

1( 
LI 
LI 
L( 
LI 

1.0090000 

VAPOR ENTHALPY 

V( 
V( 
V( 
Vt 
V( 

3,1 .9456 TOTAL 2 

• 21.86 OF0. F 915:0642 M.BTLI/HR • 866.8931 M,,PTO/HR 

M uL FRAC 
y( 1)= 0.0077113 
Vt 2):  0.1100118 

Y( 3):  n07361236 
Yt 41= 0 2462927 
11( 5)= 0:3998606 

MoLt/HR 
1). 0.2239 
2). 5.4936 
3 i3. )a 98;0  
4 )u 6662 
5). 48:5827 

moi FR AC  
X( 1). 0.0023837 
X( 2). 0,0584742 
X( 3)g 0,1488261 
X( 4)x 0 2731947 
x( 5)2  0:5171213 

IcVALUEs 
K( 1). 3.235077 
K( 2), 1.881378 
K( 3)41 1.586576 
K( 4). A 901529 
K( 5). 0:773244 

v( 2, 
V( 2, 
VI 2' 
V( 2 
V( 2, 

3): 
4)s 
5): 

1)4 
40:27969933 2):  
9.1615 
9 55;'1 
15:5178 

LI 20 
LI 2' 
LI 2' 
LI 2, 
0 2' 

TOTAL = 1.0000000 . 

F VAPOR ENTHALPY 

TOTAL • 0,9999999 

890:3899 M-BTU/HR LIQ, ENTHALPY ▪ 1444,9258 M-RTU/HR 211.60 DEG'. 

.,,(!LS /HP. 
3,  11= 0.4792 
3, 2). 4.9675 
1, 3): 9.6562 
3, 4). 1.96:$0 
3, 51= 14.2.63 

mri FRAC 
1)= 0,0123855 
2)x 0.12139015 
1)19 0.2573181 
4). 0.2321654 

VI 5)21 093692300 

MOLS/HR 
3' 1)6 093659 
3, 2). 6,5770 
3, 3). 15.6096 
3, 4). 24.9264 
3j 5)m -46.3287 

HOL FRAC 
1). 0.0639010 
2). 0,0701111 
3). 0,1664017 
4)a 0,2657182 
5)m 094935682 

K.WALUES 
K( 1)* 3.174994 
K( 2)x 1838531 
K( 3). 1.546367 
K( 4). 0.873728 
K( 5).1 0.747628 

Vt 
V( 
V( 
V( 
V( 

LI 
LI 

CI 
LI 

X( 
X( 

Xf 
X( 

V( 
V( 
11( 

VI 41= 33.5674 TOTAL x 1.0000000 LI 4). 93.6919 TOTAL a 0,9999999 

L( 2). 93.9484 



pAGE 4 ***** TRAY COMpOSiTIDN ***** 

• 1392.7798 M.87U/HR 853:4248 M;.BTU/HR 110, ENTHALPY TEMPFRATRE • 704.62 DEG: F VAPOR ENTHALPY 

PLATE NUmFER • 6 

TOTAL 2 00999994 4( 7). 93.2430 

202.36 DEG'. F 

V( 7)m 133,3655 

TEMPERATURE 2 

PLATE I, m!-, ER 2 5 

O(S/HP 
V( 5, 1),2 0.951 Vt 1)2 
V( 5, 212 5.b998 Yt 2)2 
V( 5, 3)= 10.3134 Yt 3)2 
V( 5, 4)2 8,2976 Y( 4)m 
Vt 5,  512 13.1243 Vt 5)m 

V( 5). 33.4202 TOTAL m 

MOL FRAC 
0.0256194 
0.14'33537 
1.204379 
0.2129693 
0.3415996 

1,0000000 

m0 S/HR 
50 112 0.7715 
5, 2)2 7.7461 
3, 3): 16.7134 
5, 4). 23.9490 
5, 5).. ,44,3872 

Lt 5). 93.5672 

MOL FRAC 
X( 1)2 0,0082451 
X( 2). 0.0627870 
X( 3)2 0,1786250 
0 4)2 0.2559548 
X( 5). 0.4743882 

TOTAL m 1,0000000 

KmVALUES 
K( 1)2 3.109641 
K( 2). 1.791995 
Kt 3). 1.502803 
K( 4). 0.843782 
Kt 5). 0.720085 

It 
LC 
Lt 
Lt 
Lt 

!I.N.s/rN 
Vt 6, 1)= 1.3298 
V( 6, 2)2  502249 
V( 3)a 10,2143 
V( 8, 4). 4)2 s',.W116 
V( 6, 5)0 12,7926 

Vt 6): 38,2432 

rim. roc 
y( 1)2 0.047715 
Y( 2)2 0.15373126 
Y( :JO= 0.200869 
Y( 4)m 0.2113210 
y( 5)2 0.3345063 

TOTAL 2 1.000000 

VAPOR ENTHALPY 

M0L5/HR 
60 1)2 1.0517 
6, 2/ 2 8.0074 

60 5)2 43.9352 

MOL FRAC 
X 1)2 0.0112583 
X( 2)2 0.057140 
• X( 3)2 0,1794018 
0 4)2 012533279 
X( 5)a 0.4702979 

K.-.VALUES 
Kt 1). 3.088540 
K( 2)2 1.776986 
Kt 3)2 1.4R8776 
K( 4). 0.834180 
K( 5). 0.711265 

I( 
Lt 
Lt 
Lt 
4( 

TEMPERATOFE a 201.44 OFG'. F 

PLATE ,AJA,q•.R a 7 

Lt 6), 93.4200 TOTAL 2 0.9999999 

844..4016 (1.;.,87U/HR 410. ENTHALPY • 1383.2859 M-8TU/HR 

tql1s/H8 
V( 7,  1)2  6.36c5 
Vt 7, 2). 21.20r5 
Vt 7, 3)2 38,4929 
Vt 7, 4): 2n.72c5 
V( 7, 51s 45.5061 

MNL FRAC 
Y( 1)2  0.0459684 
Yt 2)2 0.1537994 
Y( 3)2 0.7637427 
Y( 4)2 0.2076057 
Y( 5)2 0.3288S34 

MOLt/HR 
1). 1.3965 

71.2)0 
7, 3)2 
70 .4). 
7, 5)2 

MOL FRAC 
X( 1). 0.0149765 
X( 2)2 0.0872189 
x( 3): 0,1786796 
X( 4)2 0.2514322 
X( 5)2  0,4616328 

K.WALUES 
Kt 1)2 3.069390 
K( 2). 1.763372 
K( 3). 1.476064 
Kt 412 0.825495 
Kt 5). 0.703294 

I( 
4( 

Lt 

8.1326 
16.6606 
23.4499 

-43.6035 

PLATE WoRER a 6 

"utshlk M 4 F r. n N 
Vt Pp 

8, 2). = 
6.431 
22.171 

Ni( 1)= 0.0464069 
Yt 2). 0.1600170 

Lt 

V( 8, 3)2  31'7661 Y( 3)= 0'279351/ Lt 
V( 
V( 

(1  
8, 

4)a 
5). 

23.9761 
42:2733 

Yl A). 0.20` 12.80 
Y( 5). 03050969 

4( 
4( 

V( 8)2 13.55('9 TOTAL m 0.Y?99099 

TEMPERATUF = 200.48 DEG'. F VAPOR ENTHALPY a 

80 1)2 
80 2). 
80 
8- 

3)8  
4). 
5 ■ 41.3170 

M045/HR 

2 
7 

5.59 
1.422 

9 
1749392 
24 0938 

mot, FRAC 

N II: 8:847igil 
X( 3). 0.0,1397 

2580593
8:0   

KeVALUEs 
Kt 1). 3.035929 

2), 1.739604 
Kt 312 1.453894 
K( 4). 0 81387 
K( 5). 0:6890436 

It 8). 93.3653 TOTAL m 1.0000000 

3018:3572 M;r,13TU/HR LIQ, ENTHALPY 1563.4075 M-BTU/HR 

VAPOR ENTHALPY 2.  ▪ 1374.2617 M_RTU/HR 3037:6411 MOTU/HR L14. ENTHALPY 

TnTAL a 0.9999999 



***** TRAY COMPOSITION ***** PAGE 5 

TEMPERATURE m 197.23 OFG. F VAPOR ENTHALPY ■ 2985:6804 MmBTU/NR LIQ. ENTHALPY 1344.1223 M.RTU/HR 

TEmPERAToAE 

PLATE NLP48EP * 11 

19168 DEG.  F VAPOR ENTNALPY • 2934'.1865 LIQ, ENTNALPY 1311.4426 M.0RTU/NR Ma8TU/HR 

KI 
K( 

K( R 
KI 

K,;VALUES 
1)• 2.722874 
2). 1.518660 
3). 1.249365 
4). 0.673457 
5). 0.564593 

7EmPERATORE = 182.53 OFG. F VAPOR ENTHALPY • 2729..9622 M.BTU/HR • 1259.9480 M.RTU/HR LIQ, ENTHALPY 

161.72 °EC. F VAPOR ENTHALPY x 859:7388 MESTU/HR LIQ. ENTHALPY • 1119.6963 M,4rIU/HR TEMPERATURE 

PLATE NUOPER a 9 

VOLSP ) R 
Vt 9,  11° 60t193 
V( 9 21. 23 9118 
V( 9 0  3). 42:37°6 
V( 9, 4). 28.3638 
V( 9, 5). 37.6547 

V( 9). 13Q.922 

mnt. FRAC 
vt Om 0 .0476479 

2121 0 1721262 
V( 3)7, 0..3049997 
VI 4): 0.2041733 

" 5)2  0'2710527 

TOTAL = 0.999999R 

MOCONR 
90 Oa 1.4967 
9
A 

2). 

9, 3). 
9, 4). 
9, 5)0 

L( 9). 93.5568 

MOL FRAC 
X( 1) 6  000159974 
X( 2)00 0 1013193 
X( 3). 0:2154024 
X( 4)00 0,2602106 
X( 5).° 0.4070703 

TOTAL a 0,9999999 

K,; VALUES 
KC 1)10 2.978471 
Kt 2). V.698850 
K( 3). 1.415952 
K( 4). 0.784647 
KC 5). 0.665862 

Lt 
Lt 

Lt 
Lt 

PLATE ILJMOER a 10 

Vt 10, 11= 7.2258 
Vt 10, 2 1 . 27.2045 
Vt 0' 3 ) . 4Ti n co5 
V( 10,  4)a 26 1P3P 
• V( 10, 5). 311196 

V( 10). 131.7104 

MOL PRAT 
0 1): 0.0517198 
Y( 21. 0.1947204 
Yt 31= 0 .342877 
V( 4). 0 1P74092 
Vi 5): 0:2222734 

TOTAL = 0.9999993 

, M0Ls/HR 
L( 10, 1). 1.6859 
L( 100 2). 11.2195 
0 10, 3)11 03.8169 
L( 10, 4)F 2.3 7321 
0 10, 5)00 33:4656 

L( 10). 93.9201 

MOL FRAC 
X( 1). 000179508 
X( 2). 0,1194575 
X( 3)00 0,2535873 
X( 4)0 0 2526842 
X( 5)00 0:3563202 

TOTAL • 100000000 

K,',VALUEs 
Kt 1). 2.881192 
K( 2). 1.630037 
" 3). 1°952105 
K( 4). 0 741673 
Kt 5). 0:626608 

V( 11, Om 
V( 11, 21= 
V( 11, 3). 
V( 11, 4):: 

V( 11, 51= 

V( 11)= 

rTILS/HO 
, .)1975 yt 11= 

31.4145 YI 2)a 
52,2676 
20.6P+2 

Y( 
Y( 

3)= 
4). 

21.7326 T( 5)* 

135.0001 

MOL FRAC 
0•0659077 
0,2326999 
0.371682 
0.1532459 

041609 4 20 

MOLR/NR 
2.2925 

14.5121 
29.3498 
21.5513 

.2700045 

94.7102 

MOL FRAC 
X( Oa 0,0242051 
X( 2)00 0,1532264 
xt 3)= 0.3098905 
Xt 4). 0.2275501 
Xt 5)° 0.2851279 

TOTAL = 0.9999999 

L( 
L( 

E1 
L( 

TOTAL = 1.0000129 

PLATE NUMBER a  12 (CONDENSEIrTISTILLATE DRUM) 

V( 12, 

1;1 HI 
V( 120 
V( 12, 

00/HR 
40333 Y( 1)= 

Fq40 YI 
YI 

2/11  
3).  

4:6”7 Y( 4).  
4,1891 y( 51= 

MOL FRAC 
0.1o96291 
0.2P40 519 U 412303? 

0:1029258 
0.0930905 

L( 12, 1).MEILT:642 
L( 
L(12, 3): 0.77141 
L( 120 4). 16.0565 
Lt 120 5)00 17.5435 

L( 12). 90.0000 

MOL FRAC 
X( 1)2 010440470 

819M; 

TOTAL 1,0000048 

K:.VALUE8 
14( 1). 2.488922 
Kt 2)00 155867 
K( 3). 1900651 
Kt 4). 0:576922 
K( 5). 0.477567 

Vt 12). 45.0001 TOTAL = 1.0000000 

9 4791 
20..1524 
24.3445 

-3800842 
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• 

• 

• 
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wl 

O 

.01 

+.2230a99E+03 

+.2225232E+03 

+.2219566E+0:1 

+.22131499E+03 

+.22:7'8233E+03 
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+.1000001E+01 +.1482022E+02 +.2817979E+02 +.4200n03E+02 
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❑ 
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+.1724416E+03 

+.1711799E+03 

+.16991P3E+03 

+.1606560E+03 

If,  

Ie 

I I I 
+.1000001F+01 +.1482022E+02 +,2817979E+02 ..4200003E+02 

PLOT TPP.1 VrRY.! Tt1.11 
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a 

+.4158106E+02 OP 

+.4092472E+02 
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a 
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a 

a 
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+.3697468E+02 
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DI NT tic T Al tirke.ie It. I I 

U. 

IT 

U. 

Iw 

Iw 



--a-, .. 
+.42^0')01E+02 .1 a 
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+.4136364E+02 

+.0)72727E+02 

+.4009091E+02 

a 

a 

+.3'745454E+02 a 

a 

+.30P1h17E+02 
a 

a 

a 

a 

+.3$1818nE+0/ - I a a a a a naa aaaoaa aaaaaa augur a 

+.3754544E+02 RI 

+.3690907E+02 -I a 

+.3627270E+02 

+0563633E+02 .1 a 

+.3500003E+02 -Iii n n a 

I I I I 
+.1000001E+01 4..1482022E+02 +,2817979E+02 +.4200003E4,02 

PLOT CF VERSUS V( A) 



+.1494(70E+01 

+.14!30960E+03 

+.1467012E+03 

+.14547114E+03 

+.1441686E+03 

+.14285137E+03 

+.1415469E+03 

a 

+.1402391E+03 -1 w 

+.13 9293E+03 RI 
a 

a t3 a a 
a a a a a a 13131313 p a Marla a a AI 

+.1376195E+03 

+.1363097E+03 

+.135000'9E+03 .• 

I I 
+.1000001F+01 +.1482022F+02 +.2817979E+02 +.4200093E+02 

111...ht.110 (II 



16 
0.0 
0.0 
211.3 
80.0 

6 

4 A 
0.0 
1.0 
132.0 

77.5 
2 2 

1,n 
no0 

5.0 

0,0 
20.0 

5.0 

0.0 

100. .95 125, 1,3 M. 1•75 179. 2.2 
200.  2.7 225. 3.25 
100, .69 125. ;95 150. 1,3 175. 1.75 
201.  2.125 225. 2.65 100. .29  125. .44 150. ;595 175. .81 
20n. 1.95 22%. 1.375 
10n. .235 12'. .345 150. .49 175. ;68 
200. ellP5 ?25. 1,15 
10n, 0(,9.(.667 225. n3.6001 
100. ,T4.,1074 225. r:213,3576 
100. O1C.3P96 225, 1)15.721'7 
100.  cl.4617 225. 015.9451 
101.  '.:16.1546 22S. u21.2490 
100. J17.2616 225. 42n.6442 
100.  ,:2"..^,00 225. 24.1991 
101.  :)2"',7712. 22k. rq5.0360 
914.031, 142.000 187.11 
60, 17o. 370. 450. 



pRrIPL EM PAP A' FTEPS I PAGE 1 

NUMBER OF STAGES 16 
STI,OES C Trl TC1P O FTIOER 
• (I,ICLUlES E:)UILP.RUI'l-STAGE REMILER 

EXCLUDES CW1flESER,..0TSTILATE DRUM) 

NOBER OF COhP0NENTS 4 

FEED STAGE LDCATTOk 

TEMPERATURE PROFILE C0!)E 0.0 
0.0 T PeFILE 'L).T OVEN 

(MAX & HIV T MUST PE SUPPLIED) 
1.0 T PRr.f.FIL.E "UST RE SUPPLIED 

THERNODYNA-1C 1ATA CrDE 0.0 
0.0 COFFrICIC4IS OF PNLY7,'ThIALS NOT nIvE4 

l ST StiPPi" ThERMoDy'iA'AIC DATA POINTS (10 MAX) 
PJITs r,Er, F , FoR ENTHALPY 
OI!EHSTLIAESS F1R V_L EQUILIBRIUM CATA 

1.c% ECEFFIEIENT 1F POLYNMIAL MUST BE .SUPPLIED 

DISTILLATE TYPE CLir'E 1.D 
-1.0 ALL vAPPR 
0.0 6 LIQUID (NIT OPERATIONAL) 

+1.0 ALL LIQ01;) 

FEED C^;O CCOF 0 .0  
"1.0 ALL VAPOR 
0.0  VAP:.;q E LTQOIO 

+1.0 ALL LIuIf) 

VAPOR..IT^OID PPDEILE rq/E 0:0 
1.0  qL Pki:FILA: MUST Be SUPPLIED 
oop V6L Pikr)FILE NUT GIVEN 

VAPOR 0.1vippmr; CODE ',7).0  
0.0 VAPOp E LIMID R ATE ,'ILL BE DAMPED 

1.0 vAPOR E LIOUTO RATE OILL NOT BE DAMPED 

TEmPERAP/RE !)V,PING CnoE 1.0 
T NE42 T + ( T NEW T OLD) / ( T DAMPING CODE) 

PRINT CODE 0.0 
1.0 ,ILL PRINT IwTERmEDIATE TRIAL DATA 

00 'MILL NIT PRINT INTFRMEOIATE TRIAL DATA 

MAX rus9ER OF TRIALS 20.00 



PAGE 2 

GIVEN VAPOR.LIQUIV TQOILIEIRTUA DATA 

CO!'!POrENT 0 1 
I( 1)= 10r.0000 K( 1)= 0.9500 
T( 2)= 125.0000 K( 2)= 1.3000 
T( 3)= 150.0000 K( 3)= 1.7500 
I( 4)= 175'0000 K( 41' 2'2000 
I( 5): 200 0(u0 K( 51= 2 7000 
T( 6)= 225:0000 K( (). 1:2500 

C0MPONEMT 4 2 
T( 1), 100.0000 K( 1). 0.6900 
I( ,)= 5.0v.‘n K( 2): .,:',500 
T( )1= I50 0g0 K( 3)= 1 3000 
T( 4)= 175:0000 K( 4)2  1:7500 
7( 5)= 20C..0000 K( 5): 2.1250 
T( 6). 225.0000 K( 0). 2.6500 

C0MPONUJ 
I( 11= 100.0000 K( 1): 0.2900 
T( 2):  125.0000 K( 0.4400 
T( 3):  150.0000 K( 7)= 0.5950 
T( 4)2 179.0000 K( 0,000 
T( 5)= 20:,.0000 K( 5)= 1.0500 
I( 6): 225.0000 K( 6)= 1.3750 

C0M2ONUIT g 4 
T( 11. 100.0000 K( 1), 0.2350 
T( 2)= 125 4 0000 K( 2)= 0.3450 
T( 3): 15r).0900 K( 3): 0.4900 
T( 4)= 175.0000 K( 4)= 0.6000 
I( 5)= 200.0000 K( 5): 0.850 
I( 6)2  225.0000 K( 6)= 1,1500 



PAGE 3 

CnMPOMET 

6TVEN 

4 1 

LI1U10 ETHALPY 

LFG. F ..,8TU/14 Mci LE 
T( 1)0  10a.0000 HO 1)m 9.0667 
T( 2)2 225.0000 HL( 2)= 13.6001 

CTAPONEAT 2 
jEG. F , M.."70/# MOLE 

II lm._,.0000 HL( 4.8924 
T( 2)= 225.00'00 Hl( 2)= 13.3676 

COMPOMPIT 0 3 - 
DEG. F m.OTU/$1 MOLE 

Tt 1)= 101.0000 HL( 1)= 10.3896 
T( 2)= 225.0000 HL( 2)= 15.7237 

CnmpONE^!/. 
DEG. F 

T( 1)* 110.0000 
T( 2)m 225.0000 

1-ITU/4 mr1LE 

HL( 1;: 15.14 7 



PAGE 4 

GIVE VAPUR _THA 

COMPONENT 4 1 
0;G. F 

T( 1)= IT1.0000 
T( 2)2 225.0000 

(1.;)T0/4 mpLE 
HV( 1)u 1o.f3548 
HV( 2)11 20.2490 

• 

C9YPONEIT 4 2 
00. F ..r,T11/# mnLF 

T( 1)= I00.10 HV( 1)2 17.2616 
T( 2)11 225.0,,100 HV( 2)= 2(j.6442 

CTIPONF0T # 3 
OEG. F 

T( 10:).9000 HV( 1). 20.0000 

"" 2" 225.0090 HV( 2)2 24.1991 

ComPrINENT - 4 
0FG. F "-11-.10# 

T( 1)=  10(1.1000 HV( 1): 20.7792 

7( 2)2 225.0000 HV( 2)2 25..9360 



PAGE S 

CURVE FITTED Pr Yr1MiALS 

PPONOV.IALS FOR VAPOR WUID EQUILIBRIUM DATA ARE I 

K( 1)* .22616.545 00+7*(+0.95570832E-03+T*( 0.10156029E:+03+T*(+0.22779727E+064( 0.26908209Em09)*T))) 
K( 2). 0.2274079E On+T*(-.15'4 89259F-01+T*( 0.19061862E+03+7*(”0.50465934E-06+( 0.59079230E.,09)*T))) 
K( 3)=-1.230q4201E 0() +T*( ).50')61457E-02+T*( 0+32506359E;+05+T*(+0.5249R076E+07+( 0.35071257E+09)*T))) 
K( 4)x 0.9d866413E-01+7*(-a.11(195745E-02+T*( 0.24715025E+04+T*(+0.59050045E+08+( 0.43610518E+10)*T))) 

p5LyNOmIALS FtIV, vApr.k ENTH4Lpy DATA ARE I 

„I V( 1)= 0.14119534E  (1+T*( 
kV( 2)= U.145555 .  ,)24,T*( 
kV( 3)3 0.174n7t2 02+T*( 

MV( 4)= ).17373733E 62+T*( 

C.2715297E-01+T*( 0.00000000E 00+T*( 0.00000000E 00+( 0.00000000E 00)*T)1) 
0.2760498E-01+T*( 0.00000000E oo+T*( o.00000000E oo+( r.).00000000E no)*T))) 
0.3159250cE-01+1*(  0.00000000E 00+1'44( 0.00000000E 00+( 0.00000000E 00)*T))) 

0.34054409E_01+T*1 0.00000000E 00+T* ( 0.00000000E 00*(  D00000000E oo)*T)))  

PnlYr:w!IALs LIQ010 ENTHALPY DATA AR E 

HL( 1)= 1) ,43q1„,j. r;1++*( T.3,2,,,31oE-01+T*( 0,.00000000E on T ( 0.00000000E oo+( 0.00000000 E 00)*T)1) 
2). 0.!'3122234C 014.1-4,( 0,3166E-01+T44( 0.00000000E 00 T*( 0.00000000E 00+( 0.00000000E 00)*T))) 

HL( 1)* D.61102b145 01+T*( 0.42712996E-01+T*( 0.00000000E 00+T*( 0.00000000E 00+( 0.00000000E 00)*T))) 
HO 4), 0,6074q311E 01+T*( 0.43867491E-01+70 0.00000000E 00+T*( 0.00000000E 01+( 0.00000000E 00)*T))) 



FEED IS PARTIALLY VAPPPIzEn 
FFED DEW PMT TEMPERATURE IS 0 196.95827 DEG. F 
FFFD 81 !3RLE FOIt4  TEm.PFRATURF IS 0 182.61200 DEG. F 
TEF;PER A TURE DF FEED IS 0 1617.11000 DEG. F 

PAGE 

Ft( 11= 
F7( 2)= 
F7( 3)= 
Fit 410 

r4!_ILS/Hk 
Pt 1/0 6D.Don0 
F( 2)= 170 c000 
F( 3)= 320:0000 
F( 4)0  450.0000  

'1  LE FRAC 
0•0800 
C 1700 
0:3200 
0.4500  

VAP MULS/HR 
FV( 11= 23.6223 
FV( 210 57 5338 
FV( 31= 62:7451 
FV( 4)0 76.8166  

VAP Mot. FRAC 
VF( 1)0  0.1070250' 
YF( 210 0;2606670 
YF( 3)0 0.2342776 
Y8( 410 0.3480311  

LIQ MOLES/HR 
FL( 110 36.1777 
FL( 210  112 4661 
FL( 3)0  257:2551 
FL( 4)0  373.1833 

LIO MOL FRAC 
XF( 110 0.0466810 
XF( 210 0.1443201 
XF( 31.1  0.3301181 
XF( 410 0.4788809 

            

TOTAL 1010.1000 1.0000 220.7178 

 

1.0000000 779.2822 1.0000000 

VALUE nF CISTILLATE iS 0 192.900 VALUE OF EXTERNAL REFCUX IS 01 814.0381 

DISTILLATE TOLERANCE 0.19290000E..01 

DISTILLATE IS ALL Lint() . 

INPUT PRESSOPES I 
ACCUNJLATcR P 
COA)EkSER  uELTA P 
To'4Eg DELTA P 

TuP TRAY P 
TO ER ROTTO4 TRAY P 

77.5000 
5.0000 
5.0010 

82.4998 
87.5000 

REEERCTE P FUR SUPPLIFD K,,,DATA 80.0000 



ligt*** INITIAL DATA SETTING ***** PAGE 

mAXIMUm TrAPEPATURE IS s 211.30000 HINIMUM TEMPEPATURE IS • 132.00000 

THE INITIAL VAPOR , CV7:1A0 , L TrMrERATURE PROFILES 

N1P1B RTNn Ts Fl -,m '''rITT*1 T- THE ToP 13F THq ToW R 
LAST sTA(7,E Is THE CUNUENcE;-01-5TILLATE DRUM  

FIck.ST ST4GE IS EVILIF.AIum STAGE REbOILER 

MILS/HR dOLS/HR DEG. F 
V( 1)11; 7116.220 Lt 1). 697.100 Tt 1).  211.3000 
V( 2" 7e6.22J L( 2)= 1543'320 Tt 2).  70600133 
V( 3): 70,6 220 Li 3).  1593 320 Ti 3)10  200.7267 
V( 
V( 

4)= 
5)12 

76.221) 
*V16.220 

11 
L( 

4): 
5). 

1593:320 
1593.320 

Ti 
T( 

4).  
5).  

145;4400 
190.1533 

V( 6): 774 i4.220  1593.120 T( 6)' 184.8667 
V( 7)2  7P6.220  L( 7)= 1593.320 T( 7):1 174.5800 
V( 81m 7P6.220 L( 8). 1593,020 T1 8). 174.2933 
V( 9)m 10(.6.933 1( 9): 614.038 Ti 9):  164.0067 
V( 10): 116.439 L( 10). 814.038 Ti 10):  163.7200 

11)m 1006.938 L( 11):1 914.038 I( 11)• 158,4333 
V( 12). 1006.938 L( 12). 914.038 Tt 12). 153.1467 
V( 
V( 

)7  
41m 6 93$ 

Li 
L( 

13)7  
14)2 

1.06 
8144e)36 

Ti 
T( 

3)7  
4)x 

47.8600 
1425733 

V( 15)11 10,;6:?38 15). 614..038 T( 15)x 137.2867 
V( 16)a 1J x.'#3$ L( 16): 814.03a Ti 16)m 132.0000 
V( 7)m 0.000 L( 17)m 814.c38 T( 17)= 132.0000 



***** INTERMEDIATE TRIAL ***** PAGE 8 

CALCULATE' 0= 1k1.9c9o2 FOR THETA • 1.00 
0 CORRECTED = 192.93917 TrETA. 0.73741 0 SPEC 4 192.89999 

CALCULATED 0= 192.11601 FPR THETA m 1.00 
0 CORRECTED = 192.9r)004 THETA = 0.97070 D SPEC • 192.89999 

CALCULATE = 192.71727 FUR THETA = 1.00 
CnR8Ecr 0 . 192.90012 THETA = 0.99499 0 SPEC • 192.89999 

C/ CUL ,ITED 192.7s0.;5 Fork THETA 8 1.00 
0 COP ECTED = 192.9,0011 THETA = 0.99539 O SPEC * 192.89999 

CALCUL4TEn 11= 1P,,4.96341 FOR THETA * 1.00 
CORRECTFj = 192.E9995 THETA = 0.82092 0 SPEC • 192.89999 

CALCULATES ,01 191.45197 FrR THETA m 1.9C 
0 CPRgECTED= 192.91078 THETA = 0.96490 0 SPEC • 192.89999 

CALCULATE0 1= 191.87067 F U THETA • 1.00 
D crIRRECTED = 192.90726 THETA = 0.97555 0 SPEC • 192.89999 

CALCULATE') nn 192.5^420 FOR THETA • 1.01 
0 cORRECTE9 = 192.9-)594 THETA = 0.99057 D SPEC • 192.89999 

CALCULATED 1.2 1/2.72409 FIR THETA • 1.00 
0 CORRECTED = 192.90529 THETA = 0.99576 0 SPEC • 192.89999 

CALCULATE' 0= 192.02771 FPR THETA • 1.00 
0 CHRRECTED = 192.90508 THETA 2 0.99819 0 SPEC • 192.89999 

CALCULATED rm 12.972c76 FIR THETA a 1.00 
D CORRECTED = 192.90503 THETA = u.99923 0 SPEC !a 192.89999 

CALCULATE!) pm 192.69..176 FIR THETA • 1.00 
CALCULATED n= 192.47265 FOR THETA • 1.00 
0 CURRECTEO = 192.90492 THETA , 0.99925 D SPEC • 192.89999 

CA(, ULATED 02 192.91417 FOR THETA m 1.00 
CALCULAT) 0, 192.92003 FIR THETA = 1.00 
0 C(N8ECTI0 = 192.90492 THETA , 1.00035 0 SPEC • 192.89999 

CALCULATED  192.80679 FUR THETA = 1.00 
CALCULATED 0= 192.89052 FUR THETA m 1.00 



TnwFri CINVERGED AT TRIAL N 17:00 PAGE 1 

FINAL VAPflP. LIQUID G TEIPERATUPE PROFILE 

mmtABFPrIG IS FRml `'OTTNH TIC THE TOP OF THE TnWER 
LAST STiv,F IS THE CON0FrilER-01571LLATE 0PUm 
FIRST STAGE 15 An EQHILIRRIUM STAGE RE;;OILER 

1PLS/HR MnLS/HR DEG, F 
V( 1)N 730.322 L( 1)11  07.109 Tt 1)6  206.023 
V( 2):  723.412 LC 21: 1537.430 TI 2): 201.898 
V( 3):  717.312 L( 3/= 1530,521 7( 3)4 198,243 
V( 4)= 712.110 4)= 1524.421 TI 4)0 195.081 
V( 5). 707.687 1( 1519.219 TI 5).  192.411 
V( 7o3. 66o L( 6)= 1514.796 T1 6).  190.149 
V( 7): 7(.10.462 1( 7)= 1510069 Ti 7).  188,349 
V( 
V( 

E)= 
9): 

(0;3.7'59 
923.27 

L 8): 
9)= 

1507.571 
726.587 

TI 
71 

9): 
9)21 

186.814 
18441'17 

V( 10)21 921.719 L( 10)= 727.397 TI 10)4 180.061 
V( 111= 926.026 L( 11)7. 728.(129 7( 11)8 173.782 
V( 12): 937.469 

L (  12)=1 733.705 T1 12)m 164,930 
V( 13)= 957.996 13).. 744.578 TI 13)0 154.213 
V( 
V( 

14): 
151= 

963.392 
lie6.204 

L( 

 14)= 
15):  

765.106 
790.501 

T( 
1. 1  

14)= 
15): 

143.628 
134.994 

V( 16)= 109(3.929 16):  813.404 T( 16)= 128.676 
V( 17)2  0.000 L( 17)1. 814.030 T( 17)= 119.466 



PAGE 2 

nIsTILLATE: 
"ULS/HR 

0( 1), 55.7444 
nt 2). 129'1476 
0( 3). 6 3047 
n( 4). 1:6939 

Mn!. FRAc 
xt 1), 0.2159948 
X( 2)" 006695383 
X( ,I)m 0.0326853 
X( 4)= 0:0087815 

K.,vALUES 
K( 1), 1.2676907 
K( 2)m 00217/129 
K( 3)' 0.4155948 
K( 4). 0.3290849 

D 2 192,4905 TOTAL • 1.0000000 

TEMPERAT'IRE 119.47 OFG. - F VAPOR ENTHALPY 4 0.0100 M,OTU/HR LIO. ENTHALPY a 1873.1172 M.RTU/HR 

CONDENSER DUTY = 8395.3125 M..BUT/HR 

8OTTnMS 
MOLS/HR 

(1( 11. 4.2556 
2). 40 '524 

E( 3)2 313:6951 
E( 4). 44°,3359  

MOIL FRAC 
X( 1)= 0.0052727 
X( 2). 0 0506157 
X( 11= 0:3816651 
X( 4)= 0.504466 

104ALUES 
K( 1)' 2.5901604 
K( 2). 2 0761061 
0 3)0  1:0272264 
K( 41= 0.8677942 

m 107.1049 TuTAC • 1.0000000. 

TEMPERATURE • 206.02 orG. F VAPOR ENTHALPY X o:000t, wneru/HR LIQ. ENTHALPY 1202 .1090 MeR U/HR 

REBoILEK DUTY m 6695.4.82 M.8TU/HR 



***** MATR1AL B ENTHALPY BALANCE ***** PAGE 

MATRIAL PALAHCE 
tN  

(MiLSOR) I 
OUT-- 

F( 1)= 60.0000 Ot 1). 55,7444 R( 1). 4.2556 
2)= 17:).0000 D( 2),, 129,1476 8( 2)' 40.8524 

Ff 
F)  

3): 
4)C  

3210000 
460.000 

0( 
DC 

3)2 
4)' 

6,3047 
1.6939 

RI 
BC 

3)!,  
4)' 

313.6951 
4480059 

TOTAL 1000),00')0 192.8905 107.1089 

ENTHALPY i3NLANCE r'.-HTU/HR) 

FEED • 15e.01,0500 DISTILLATE 1873,1172 
PEPOILFR 6695.4882 BOTTUM 12028.1090 

CONDENSER P395,3125 

TOTAL 22296.5390 22296,5390 



PLATE N1P)9ER • 1 (EO. STAGE PEOCIILER) 

mOLS/HR MIL FRAC 
V( 1, 1)E 949740 Y( 1)1 0.0136570 L( 
V( 1$ 2)4: 76.7446 Y( 2)= 0.1050133 L( 
V( 1, 3). 291 5746 Y( 3). 0 3992469 L( 
V( 1, 41. 352:0244 YI 4). 0:4620129 L( 

V( 1)= 730,3215 TOTAL = 1.0000000 

TEMPERATURE g 206.02 DF.W, F VAPOR ENTHALPY 

PLATE NUi-:0ER • 

***** TRAY COMPOSITION P0011111* 

m0C§/HR .10L FRAC 
1, 1)= 4.2556 X( 1). 0,0052727 
1./ 2)6 40.8524 X( 2)0. 0,0506157 
1, 3). 313 6951 X( 3)= 0 3686651 
1' 4). 448:3059 X( 4).1 0:5554466 

LI 1). 607,1089 TOTAL • 1,0000000 

• 17197;5580 M4TU/NR L10. ENTHALPY • 

K( 
K( 
K( 
K( 

PAGE 

K;VALuE5 
I). 2.590160 
2). 2.076106 
3). 1 027226 
4). 0:867794 

12028,1090 M..RTU/HR 

mOL5/HR MqL FRAC MILLS/HR 'COL FRAC K;VALUES 
V( 2, 1)0 160'720 YI 1)= 0.0213228 L( 20 1)0 14.2297 X( 1).4 0.0092555 K( 1)• 2.519907 
V( 2, 2)2 111.1713 V( 2): 0.1539527 L( 
V( 2, 3)= 261,0117 V( 3)= 01,3184556 L( 
V( 2, 4). 314 .053 Y( 4). 0.4342587 L( 

2, 

2, 

2). 117,5970 X( 2)= 0 0764893 
3). 605.2734 X( 3)' 0:3936917 
4).. 8()0.3301 X( 4). 0.5205635 

K( 
K( 
K( 

2). 2 012740 
3). 0:986701 
4). 0.834228 

V( 2): 723.4121. TOTAL • 1,0000000 2). 1537.4902 TOTAL • 0.9909999 

TE1PERATORE 201.90 07G. F VAPOR ENTHALPY • 16760'.8160 H•FITU/HR L10. ENTHALPY ■ 22529.5310 M-.STU/HR 

PLATE NU"uER 3 

MoLs/Hk MoL FRAC 
vi 3, 1)* 24.3491 YI 1): 0.0319449 L( 
Vi 3, 2), 139.6744 YI 2). 0.1947192 L( 

3, 
3; 

MOLE/HR MUL FRAC 
1)• 21.1277 X( 1)n 0,0136042 
2). 152.2237 X( 2). 090994588 

K( 
K( 

K;)JALUEs 
1). 2.459031 
2). 1.957793 3, 3). 26544663 Y( 3). 0.37c,0m4 6 L( 

V( 3, 4)z 267.1-223 YI 4): 0,4012511 L( 
3,  
3; 

3)° 594.785 X( 3)44 0.38 85661 
4)w 762,4609 X( 4)• 0,4981709 

K( 
K( 

3). 04952436 
4)n 0,805449 

V( 3): 717.1120 TOTAL = 1.0000000 L( 3). 1530.5206 TOTAL • 0,9999999 

TE1PERATOPE m 19 0 .24 DUG. F VAPOR ENTHALPY • 16316.7380 M-BTU/HR L10. ENTHALPY n 22192.7460 M-RTU/HR 

PLATE NUOI!ER 44 4 

!!OLS/HR MUL FRAC MOLS/HR UL FRAC R!.7VALUES 
V( 40 1sa 32,1742 V( 1)m 0.0451814 L( 
V( 4; 2) 8 161.1990 YI 21m 0.2763680 
V( 4, 3). 250.03r2 YI 31= 0.3511116 L( 

4; 
4, 
4, 

1). 28.6047 X( 1). 0.0187643 
2) 0 160.5269 X( 2)• 0.1184232 
3). 579.1614 X( 3). 0,3799222 

K1 
K( 
K( 

1). 2.407846 
2): 1.911523 
3). 0.924168 

V( 4, 41m 26A.7070 Y( 4): 0.3773390 4 4). 736.1282 X( 4).4 0.4128904 K( 4). 0.781418 
V( 4). 712.1104 TOTAL . 1.0000000 LC 4): 1524.4209 TOTAL • 1,0000000 

TEMPERATORE • 195,08 DEG, F VAPOR ENTHALPY • 16075;4290 TU/HR LIQ. ENTHALPY g 21718,6670 .41TO/HR 
.PLATE NUMBER a 5 

VOLS/HR MOL FRAC MOO/Ha mOL FRAC K;VALUES 
V( 5° 1)* 40'1532 YI Oa 0.0567386 L( 
V( 5, 2)= 176.3548 Y( 2): 0.2491986 L( 

5,  
5, 

1)2 36.4291 X( 1) . 0 0 0239793 
2). 202.0515 X( 2)x 0,1329969 

K( 
K( 

1),. 2.366156 
2). 1.673721 

V( 50 3)= 236.7095 Y( 3): 0.3344333 5, 3). 563 ,7251 X( 3)x 0.3710625 K( 3)n 0.901421 
V( 4)2 254.4698 YI 10= 0.3595796 L( 5, 4)c 717.0125 X( 4). 0,4719613 K( 4). 0.761684 

V( 5).; 707.070 TLTAL = 1.0000000 L( 5). 1519.2186 TOTAL • 0.9999999 

TVPERATk.-AE 192.41 VG, F VAPOR ENTHALPY . 15620.1870 M.-87U/H8 L10. ENTHALPY 214 .3550 M-RTU/HR 



TEMPERATORE a 184.19 DEC. F VAPUR ENTHALPY a 

K-VALUES 
K 
K 
K 
K 

. 1:1M32 
3)• 0.803634 
4). 0.675941 

HOL FRAC 
X( 0,0477433 
X( 2 0.1'42481 
X( 3)m 0.3111121 
X( 4). 0.3721965 

MOL FRAC 
Y( 1)x 0.1039640 
yt 2), 0.3376156 
Y( 3)x 0.3068376 
Vt 4); 0.2515429 

mnLS/HR 
I.( 10, 1)41 34.7263 
LI 104 2). 144.2051 
0 104 3)41  777.7290 
L( 10, 4)m 270.7346 

PLATE NUI8ER • 10 

MOLS/HR 
V( 104 1)01 95.4257 
Vt 10, 2). 311,1b6 
V( 1r, 3)x 2e2.41r31 
V( 10, 4)• 231.4617 

V( 10). ',21.71'40 

TEAPERAIW=f 

TOTAL • 0,9999999 

TU/HR 110. ENTHALPY 

0 10)m 727.3970 

`I s 19736.8590 M. 

TOTAL = 1.3000000 

VAPOR ENTHA 9729.7578 /HR 18.,-:106 DEC. F 

PLATE NUMBER a 6 

mOLS/HR 
V( 11a 48.1421 
V( 6, 2)x 146.0648 
Vt OP 3)11 225,9433 
V( 6, 4). 243.7102 

V( 6)41 703.8604 

m(11. FRAC 
Y( Ox 0.06(+3972 4( 
V( 2)=2 0.2643490 L( 
Yt 3). 0.3210056 L( 
Y( 4). 0.3462479 It 

TOTAL a 1.0000000 

'OW TRAY COMPOSITION *1044** 

MOL5/HR MOL FRAC 
6, 1). 44.4081 X( On 0,0293167 
6; 2)o 217.2072 X( 2). 0,1433904 
6, 3)m 550.4043 X( 3)41 0;3633521 
64 4)a 702.7754 X( 4). 0,4639407 

6). 1514.7957 TOTAL a 0,9999999 

K( 
K( 
K( 
K( 

PAGE 

K7.VALUES 
On 2.333053 
2)14 1.843565 
3). 0.883457 
4). 0.746320 

TEMPERATURE • 190.19 DEG. F VAPUR ENTHALPY X 15611.2180 M.BTU/HR L1Q. ENTHALPY ■ 21152.1560 M.47U/HR 

PLATE NW'BER a 7 

L /HK M01. FRAC .s/HR M L FRAC K;VALLIEs 
0 7, 1). 6.0433 • y( 1)11 0.0800090 L( 7, 1)14 52.3971 X( On 0.0346783 K( 1). 2.307145 
V( 7, 2). 191.4302 Y( 2): 0,2733025 IC 74 21s 22619173 X( 2). 0.1501800 K( 2). 1.819837 
V( 7, 3)11 217'4949 Y( 3):: 0.3105019 L( 3)m 539.6379 X( 3)• 0,3571470 K( 3). 0.869396 
V( 7, 4): 235.4651 Y( 4)14 043361965 0 70 4). 692.0156 X( 4). 0,4579947 K( 4). 0.734042 

V( 7)* 70044624 TOTAL = 0.9999999 L( 7)1, 1510.9685 TOTAL • 0.9999999 

TEMPERATURE = 184.35  UFO„ F VAPOR ENTHALPY a 15438.3550 MaTU/HR LI04 ENTHALPY 20943.2260 M.PTU/HR 

PLATE NUASER a 8 

mOLS/HR mni. FRAC mOLS/HR m OL FRAC K-VALUES 
V( 1). 63.9204 Y( 1)m 0.0/14771 L( 84 1). 60.2989 X( 1)• 0,0399974 K( 1). 2.287077 
V( 8, 2)2 191.9338 Y( 2)1 0.2775362 LC 8, 2)a 232.2906 X( 2)n.0.1540827. K( 2)m 1.801216 
V( 8, 3): 211.3366 Y( 3): 0,3024457 Lt 84  3). 531 1697 X( 3). 0,3523481 K( 3)n 0,858372 
V( A, 4): 229.5713 Y( 4)8 0.3285415 0 8, 4). 643:7915 XI 4). 0,4535718 K( 4)14 0.724343 

V( 6): 691.7548 TOTAL a 1.0000000 8). 1507.5706 TOTAL. • 1,0000000 

TEMPERATURE • 166.41 DEG'. F VAPOR ENTHALPY a 15323:2380 M;8TU/HR LIE. ENTHALPY a 20770.3750 M-PTU/HR 

PLATE NO18ER • 9 

MOLS/HR MIL FRAC MILS/HR MOL FRAC K-VALUES 
1)• 90.4726 

9. 2). 273 3525 
9i 3). 284:0337 
9, 4). 272.4265 

V( 9). 920.2871 

Y( 
Y( 
YI 
11( 4). 0.2960255 

TOTAL = 1.0000000 

94  11a 31.7984 
9; 2). 122 3172 
9i 3). 267:7771 

9, 4). 304,6941 

Lt 9). 726.5867 

19994.7'f30 

X( 
X( 

X( 4). 0.4193499 

TOTAL • 1,000000 

K( On 2.246334 
K( 2)a 1 764408 
K( 3)a 0:837453 
K( 4). 0.705915 

VC 
V( 
V( 
Vt 

LC 
LC 
Lt 

1)a 0.063091 
2). 02970296 
3). 1:306360 

0' 0.0437641 
2). 0 1643450 
3). 0:368541/ 

TU/HR L10. ENTHALPY • 9199.6171 M...STO/HR 



PAGE ***** TRAY COMPOSITION ****# 

110 
110 

PLATE NUABER u 11 

MOLS/HR 
11/ 1)0  105.4(007 
11. 2). 371.7996 

3). 264.4e97 
4). 0,4.4059 

▪ 19388.3160 M.IITU/HP LIQ. ENTHALPY 6 9467.8476 NI.RTU/HR • 171.78 DEG. F VAPOR ENTHALPY TEMPERATNRF 

V( 12). 937.4685 

L( 
L( 
L( 
L( 

ML F8Ac 
yt 1)0 0.1298058 
Yt 2). 0.4875760 
V( 0" 0.240940 
Yt 4)0 0,1416783 

TOTAL • 1.0000000 

Lt 
L( 
1.( 
L( 

Mr)L FRAC 
yt 1).1 0.1536716 
19( 2). 0.5796016 
Yf 3)0 0.1769675 
Y( 4). 0.0877597 

Lf 14). 765.1057 TOTAL • 1,0000000 V( 14). 983.3921 TOTAL • 1.0000000 

18581.9760 M.8TU/HR 8471.8046 M.RTU/HR TE1PERATAF • 143.63 

PLATE NUMBER • 15 

DEG. F VAPOR ENTHALPY • ENTHALPY • 

• 8313.2382 M-RTU/HR ▪ 18507.4600 M..DTLI/HR LIQ. ENTHALPY 134.99 DEG. F VAPUR .ENTHALPY TE;;PERAT:YAE a 

V( II). 926.6957 

MOL FRAC 
Vt 1)u 0,1138119 
Yt 2). 0.4014699 
yt 3). 0.2e55965 
Yt 4). 0.199121e 

TOTAL • 1.0000000 

mciCspaR 
11. 1). 40.0813 
11. 2). 182.0393 
11, 3). 276.5134 
11, 4). 230.1949 

L( Ms 728.8289 

NOL FRAC 
X( 1)0 0.0549942 
X( 2). 0.2497696 
X( 3). 0.3793942 
X( 4). 0,3158421 

TOTAL • 1,0000000 

K.:VALUES 
K( 1). 2.069519 
X( 2). 1.607357 
K( 3). 0.752769 
K( 4). 0.630448 

L( 
L( 
LI 
[( 

V( 
V( 
V( 
V( 

PLATE NLICER • 12 

MoLs/Hp 
Vt 12' 1)1,  '121,6139 
V( 12. 2). 457.072 
V( 12, 316 225.R7.39 
V( 12, 4). 132,r3109 

TEMPERATOaE m 164.93 

PLATE No!l8ER • 13 

NoLs/Hr 
V( 13, 112 147,2166 
V( 13, 2). 555.2561 
'V( 13. 3)12 171.45:1 
VI 13, 4). RA.1745 

DEG. F VAPOR ENTHALPY 

M0Ls/HR 
12' 1).6 49.6564 
12, 2). 242.6520 
12' 3)g  258°1851 
12, 4). 182,7120 

L( 12)0 733.2053 

MnLs/HR 
13o 1). 65.9445 
13o 2). 327.9395 
13' 3)' 219'5692 
13, 4). 131,1251 

I401- FRAC 
X( 1). 0,0677251 
Xf 2). 0,3309469 

3)" 0'3521320 
X( 4)0 0,2491962 

TOTAL • 1.0000000 

l'0L FRAC 
X( 1). 0.0885662 
X( 2). 0.4404367. 
X( 3)0 0.2948909 
X( 4)0 0,1761066 

K:.VALUEs 
K( 1). 1.916652 
K( 2). 1.473274 
K( 3). 0.684232 
K( 4). 0,568542 

9119.3476 M-41TU/HR 

K_VALUES 
K( 1). 1.735099 
K( 2). 1.315969 
K( 3). 0.006894 
K( 4). 0,498335 

• 19022.4450 M.8TU/HR 110. ENTHALPY m 

V( 13). 957,9961 TOTAL • 1.0000000 I.( 13). 744.5779 TOTAL • 1.0000000 

TEMPERATORE • 154.21 

PLATE NU"BEk • 14 

m015/HR 
14. 1)n 1A3.8362 
14, 2)6  63901a7 
14' 3). 113.6214 
14, 4). 46,0160 

VEG. F YOUR ENTHALPY 

M0L FRAC 
Y( 1)8  0.1867375 
Yt 2). 0.6507258 
Vt 3)2  0.1157436 
VI 4). 0,0467932 

M,:8TU/HR 

M0L FRAC 
X( 1). 0.1195552 

• X( 2). 0.5569278 
X( 3)0 0,2158466 
X( 4). 0,1076710 

■ 18740.6360 LIQ. ENTHALPY 8753.5195 M-RTU/HR 

V( 
Vt 
Vf 
V( 

M0Ls/IM1 
L( 14. I). 91.4724 
L( 14. 2). 426,1086 
I.( 14' 31$ 165.1455 
LC 14, 4). _82,3797 

K:.VALUE5 
K( 1). 1.561933 
K( 2). 1.168419 
K( 3). 0.536230 
K( 4). 0,434595 

M715/184 
15, 1). 232.2510 
15, 2). 686.114 31 
15. 3). 6002 4 4 
15/  4)g 21"317 

V( 15).. 1006.2939 

M01. FRAC 
Y( 1)2 0.2307984 
Y( 2)0 0.6'10913 
Vt 3)2 0.0656154 
T( .4)g  0'0216952 

TOTAL • 1.0000000 

mot.s/HR 
150 1). 127.8919 
15. 2)0 510.7710 
15, 3). 107.5167 
15. 4)0  _4403221 

LC 15). 790.5015 

MOL FRAC 
X( 1). 0.1617857 
X( 2). 0.6461354 
X( 3). 0.1360106 
X( 4). 00560684 

TOTAL • 1,0000000 

K;VALUES 
K( 1). 1.426567 
K( 2). 1.055337 
K( 0.482428 
KC 4)0 0.386942 

Vf 
V( 
V( 
V( 

L( 

Et 
L( 



****. TRAY COMPOSITION **OP* PAGE 7 

PLATE NUe-16FR • 16 

"OLS/Hg 
V( 16, 11,1 29'1,9116 
V( 16, 2)0 674,15,54 
V( 16P 31: 32,9105 
V( 16, 4). f.'se420  

mOL FRAC 
VI 1)11  0.28P9633 
VI 2)= 0.6695117 
'I( 3): 0,02140 
Y( 4)= 0.0087112  

MOL5/HR 
L( 16, 1)• 176.5067 
L( 16, 2)0 557,0356 
LI 16, 31. 59.7237 
L( 16, 4). 20.1379  

NIL FRAC 
X( 1)01  0,2169976 
X( 2)0 0,6148207 
x( 3): 0,0734244 
X( 4). 0,0247575 

K...VALLIES 
K( ha 1.331767 
K( 2). 0,977684 
K( 3). 0.445156 
K( 4)n 0.354701 

V( 16)= TOTAL 0.9999602 Lf. 16). 213.4036 TOTAL • 110000000 

TEmPERAT!,RE 120.68 OFG: F VAPOR ENTHALPY 11173.3710 M.BTU/HR LIQ. ENTHALPY • 8238.8085 M..BTU/HR 

PLATE NO"ER 17 (CONUFNSER.+DISTI LLATE Drum) 

v( 
V( 
V( 
V( 

L( 
L( 
L( 
L( 

KILs/p 
17, 1) 0..00^.0 
17, 2): 0.0()r0 

1
7, 3)' 0Pr.On0 
7, 4)2 r,(A)C0 

V( 17): 0,n0(.0  

MOL FRAC 
yl 1). 0.000000 
VI 2). 0.00000 

" 1)a  0 Q0 
VI 4)= 0.600000 

TOTAL = 0.0000000 

MOLs/HR 
7, 1). 235.2412 

7.1 2)0 545.0027 
7P 31 26,6051 
7; 4)0 7,1481 

L( 17)0 P14.0378  

FRAC 
X( 1)0 0,2189°07 
X( 2). 0,6695053 
X( 3)m 0,0326137 
• X( 4). 0,0087811 

TOTAL • 0.9999507 

K-VALUEc 
K( 1). 1.267691 
K( 2). 0.921783 
K( 3)1 0.41555 
K( 4). 0,329085 

TEHPERAPiRE 119.47 0EV. F VAPOR ENTHALPY 0.0000 M.BTU/HR LIQ, ENTHALPY 7904.5507 H-41TU/HR 



❑ 

• 

• 

• 

• 

• 

10 

+.1000354E+01 

+.976400E400 

+.9525447E+00 

+.92e6406E+00 

+.9047364E+00 

+.8808123E+00 

+.3569201E+0o 

+.833074E+09 

+040h11.98E+o0 

+.7852157E+00 

+.71513115E+00 

+.7374693E4.V 

I I I I 
+.1000001E+01 +.6(15130E+01 +.1094382E+02 +.1600003E+02 

PLOT OF MAL VERSUS THEri 



a +.1929200E+03 -I 

+.1918172E+03 -I 

+.19T/543E+03 

+.1396715E+03 

+.1885b06E+03 

+.1975 53E+03 

+.1064230E+03 

+.1453401E+03 

+.1042573E+01 

+.1d31744E+03 

+.1820916E+03 

+.1910.)9:A+03 

w 

-In 

a 

a 

v.? 

+.10:W001E+01 +.ho56180E+01 +.1094382E+02 +.1600003E02 

PLOT OF TRIti VrR5Als tNISTILLATE 



a 

a 
ta 

+.2068878E+03 

+.2066090E+03 

+.2065504E+03 

+.2064918E+03 

+.2t,4332E+01 

+.2063748E+03 

+.2C3180E+03 

+.2J82574E+33 

+.2161988E+03 

+.2(.:1402E+01 

+.2060R16E+03 

+.2060235E+03 

••• 

VW 

PLOT r1F TRIAL WASU; T(1) 

I I I I 
+.1000001E+01 +.6058180E+01 +.1094382E+02 +.1600003E+02 



U 

U 

U 

U 

U 

1 
wI 

+618P33111+03 

+61881p45E+01 

+.1578773E+03 

+61576500E+03 

+.1874227E+03 

+.1471954E+01 

+61869682E+03 

+61867403E+01 

+.1d65136C+03 

+61862863E+03 

+.1860590E+03 

+61858124E+03 

-1 

❑ 

PINT IF TRIAL VIRSUS T( 

1 
+.1000001E+01 +.6656180E+01 +.1094382E+02 +.1600003E+02 



+.1849263E+01  

+.1045740E+03 

•• 

a 
a 

le 

+.1842217E+03 • a 
a 

• 

+.1638691E+03.  

+.1835170E+03 1- 

+.181 31f,47E+01 1110 

+.1820124E+03 

+.1e246E+01 

+.1871C77E+03 • • 

+.1817554E+03 'OP 

a 

+.1n431E+03 

+.1810511E+03 -In I • 

+.1000001E+01 +.6056140F+01 +$ 1094362E+02 +.1600(103E+02 

PLOT OF 7P1AL VERSUS T( 9) 



+.1094382E+02 +.1600003E+02 
I 

+.1000001E+01 +.6056180E+01 

+812$6770E+03 

+812645611 E+03 

+$12”2366E+03 

+812;0164E+01 

+81277963E+03 

+81275761E+03 

+81.27355/E+09 

+81271357E+0 

+81269155E+03 

+81266953E+03 

+81264752E+03 

+81262554E+03 

-Ia 

-I a a 
a 

PLOT nF TP1AL VERSUS 7(10 

w 

-I a 

a 

a 

OP 

OP 

• 

w 

e9 

w 

a a a a 



+.7862209E+03 A 

+.7806960E+03 

+.7751711E+0 

+.7696462E+03 

+.7641213E+03 1•• 

♦.7535964E+03 WI 

+.7530715E+03 -1 I - 

+.7475466E+03 

+.7420217E+03 

+0364966E+03 

+Or...19719E+03 -1 

+.72545A9E+03 -1 

+.1000001E+01 +.6056180E+01 +81094382E+02 +.1600n03E+02 

PLC3T rlf UTAL Vf.ksUS V(1) 



.4.7862209E+03 *In a 
" 

1 

4..0771254E+01 "I 

+476R0700E+03 

+.75!9345E+03 

Pt • 

Iw 

+.7490,91E+03 

+.740436E+04 
I "' 

+.7316481E+03 • 

+.7225527E+03 

+.7114572E+03 

+.7043613E+03 wl Iw 

DI:Imam 
+.6952t63E+03 pl n M 

1 

+.6861A04E+03 .1 

+.1600003E+02 +.1000001E+01 +.6056180E+01 +.1094382E+02 



+.1006,A,, E+04 -I0 0 

+.9942644E403 

+.98950ocE+03 

+.98C9157E+01 .1 

+.9722414E+03 t.1 

+.9635671E+03 

+.9546926E+03 

+.9462185E+03 

+.9375441E+03 1.1 

+.92`;8698E+03 

+.9201955E+03 1.1 

a 

+99115327E+03 1.1 

❑ 

+.1000001E+01 +.605h1nE+01 +.1094382E+02 +.1600003E+02 

PLOT OF TRIM_ WRSUc vi of 
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