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ABSTRACT 

A short-cut procedure has been developed for making calcula-

tions on a complex fractionation tower. A Simplification of the 

Thiele-Geddes plate-to-plate procedure provided the basis for the 

short-cut procedure. The application discussed in this paper is for 

a tower with a liquid sidestream drawoff in the rectifying section. 

The tower was broken at the feed point and sidestream drawoff 

locations into three calculation sections. The fraetionation in each 

tower section can then be represented by a rigorous series solution 

expressed in terms of absorption or stripping factors. These rigorous 

equations can then be simplified by the use of average absorption. or 

stripping factors. 

The short-cut procedure has two methods of determining the 

average stripping or absorption faetors for eaeh tower seetion. The 

one method uses the assumption of a linear profile of absorption or 

stripping factors based on end values in each section and is called 

the Stand-Alone Simplified Thiele-Geddes Method. The other method 

determines average absorption or stripping factor for each tower 

section from a force-fit to a rigorous plate-to-plate solution. This 

method is called the Force-Fit Thiele-Geddes Method and is suitable 

for accurate parametric studies around a base casc rigorous solution. 



Computer programs were prepared for the Thiele-Geddes plate-

to-plate method and the stand-alone sbort-cut procedure. In addition, 

a computer program was written to obtain the force-fit fractions re-

quired for the Force-Fit Thiele-Geddes Method. Parametric cases were 

then. run for a five-component debutanizer column, and the results of 

the short-cut method were compared with. the rigorous solution for each 

case. 

The results of these comparisons show the Stand-Alone 

Simplified Thiele-Geddes Method to be of suitable accuracy for pre-

liminary design calculations. The Force-Fit Thiele-Geddes Method 

results in a higher degree of accuracy in most cases and is suitable 

for parametric studies on a final design. The degree of accuracy 

obtained from the Force-Fit Method is believed to be the highest 

available from a short-cut procedure. 
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PREFACE 
 

The proeedure for simplifying the Rigorous Thiele-Ceddes 

equations and applying them to short-cut, fractionation calculations 

was developed by Dr. Ralph Cecchetti while teaching stage equilibrium 

processes at Newark College of Engineering. 
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INTEnUCTION 

This section '.?ill first dicess the purpose of a fraction-

:Ilion tower with a lieol.d si:.eetream drowoff in the. rectifying section. 

Thi.i: will be followed by a diee7::3sion concerning the degrees of 

fteedom and variables involved in developing a fractionation calcula-

tion procedure. The reasons ee tr.; -oily the. Thiele-Ceddes Method
(2) 

was 

.seleeted as a bases fe.c a short-cut frarAionation procedure will then 

be enumerated. 

Three products can b2 produeed in a single toWer by taking 

advantage of a sidestream drawoff. la,::,. conventional practice, for 

reasons of control and eq,Zpment costs, is to have a liquid sidestream 

drawoff in the rectifying section, The component distrnution profils 

that result from a sidestream tower can be exemplified by considering 

three components: LC = Lig'st, YC ,-. Middle, and HC = Heavy. These are 

tC be separated into three streams, each enriched in. one of the components 

For a liquid sidestream drauoff in the rectifying section, 

it is possible to provide sufficient reflux and stages in the top 

section of the tower to fractionate to any specification of MC in LC 

in the overhead. It is also possible to meet any specification on. 

HC in the sidestream drawoff by the combination of reflux and stages 

in the middle tower section. The specification of MC in the bottoms 

can also be controlled by stages and stripping in the lower section. 

Figure 1 illustrates the splits that take place. 



• FrzURT7  1 ',,._. 

COMPONENT DISTRIBUTION FOR A 
FRACTIONATION TOWER WITH A TIQUID 

STPKTUAM DRAWOFV IN THE RECTIFYING c;ECTIgil 



It is only the concentration of light components, LC, that 

are pr.im•nri_ly lenving the tower in the distillate, that cannot be con-

trolled. Their concentration d,Tendc on the relative equilibrium 

constant values of LC and MC, the concentration of LC in the 

rising vapors. However, these rising vapors must include all the 

moles of LC coming in with the feed and whatever is in the liquid 

reflux below the sidestrcam drawoff. (It is assumed that no LC 

goes out the bottoms with 11C.) Therefore, a sidestream product rich 

in MC and very low in HC can he produced. However, pure MC cannot 

be produced as this system is designed. A sidestream stripper tower 

can be used to control the concentration of LC in the sidestream pro-

duct, but this option was net. considered. 

Si.destream towers are difficult to control accurately. 

They are usually used when rough product cuts are desired. 

Figure 2 illustrates the particular sidestream tower on 

which the fractionation calculations in this study were performed. 

The tower has one feed, liquid sidestream cirawoff in the rectifying 

section, a total condenser, and a partial reboiler. The degrees of 

freedom or variables to be specified are expressed by the following 

equation: 

DDT = NC + NTT + 10 

where: 

DDF = Design degrees of freedom 

NC = Number of components 

NTT = Number of stages 



Fj,gure 2 . . 

A FractAonation Tower 
wJ...:u a 

Liquid Sid.estrcam Drawoff 
in the 

Rectifyino Section. 



Tho above equation assumes adiabatic operation except for 

the condenser and reboiler. The variables specified in the rigorous 

Thiele-Geddes program arc: 

Feed composition and rate NC 

Feed temperature and pressure 2 

*Pressure drop per stage NTT 

Fec'cl stage location 1 

Sidestream location 1 

*Condenser pressure 1 

Reflux temperature (Bubble point of 
distillate) 

Sidestream rate 1 

Distillate rate 1 

Total number of staapg 1 

Reflux rate 1 

The program therefore only handles the "design performance" case. 

The difficulty of rigorous calculation for multicomponent 

mixtures is that the number of variables that can he specified is 

very small relative to the total number of variables in the system. 

The number that can be specified is dictated by the design degrees 

of freedom for the proposed system, as shown on page 3. The number 

of specified variables can neither exceed nor he less than the design 

degrees of freedom. Once these design specifications are set, then 

all remaining variables are established by the restrictions of equil-

ibrium, enthalpy, and material balance. 

* The pressure drops are specified as zero in the calculation program, 
therefore, resulting in a constant pressure operation. 



The probJerA is to detcrmine the conplete set of all syaier. 

variables which satisfy the above restrictions and which leave the 

speeifind variables unchanged. Theo with a knoT.Jledge of the values 

for all the variables, the ability of the proposed unit to meet all 

the clesired specilication can be reviewcd by the engineer. If all 

specifications are not met, the 'values of the design variable s are 

adjusted in the direction of the desired change in performance. If 

acceptable, the unit can be designed and built; or if the unit is 

an existing tower, the proposed operation can be reviewed to see if 

it is an acceptable performance. 

Whenever we haVe a calculation in which the design variables 

allowed to be specified are far less in number than the total pos-

sibiliiics, there .:0-e twn general techniques that: can he 1.v=ed for 

solution: 

1. Sequential Iterative Methods - Make assumptions on sufficient 

additional variables so that calculations can be made 

to determine the remaining variables. The assumed variables 

are then calculated from this solution and, by means of a 

convergence procedure, a new set of assumptions is made in an 

effort to bring assumed and calculated variables tcgether. 

The procedure is repeated until convergence of assumed and 

calculated variables is obtained. 

2. Matrix Methods - A complete set of equations is written to 

satisfy all restrictions in the system, and these equations 

are solved simultaneously. 



P1.zorous TTY thods for all complex stage separation systems 

fall into efther of these techniques. However, the nonlinear form 

of the equilibrium, heat, and material balance equations preeludez-

a direct matrix analytical solution. for fractionation systems unless 

some simplifirations are made which convert the equations to linear. 

form. 

The Thiele-Geddes Method is of the Sequential Iterative 

type and it was selected as the method on which to base a short-cut 

procedure. The criteria for selecting the Thiele-••Geddes Method 

were that it cenverges easily, it is a well established method and 

meets the following requiremrnts which are necessary for a good 

reliable short-cut procedure: 

1. A broad flexibility to solve for a variety o.`•: process models 

and design parameters. 

2. A sound theoretical foundation -- no empirical correlations. 

3. Lends itself to simplification. 

4. Allows itself to become "educated" by a plate-to-plate 

solution so that accurate parametric studies can he determined. 

5. Reduces the cost of fractionation studies by permitting fast 

manual or computer solution. 

6. Improves the engineers' understanding of the effect of key 

tower design variables. 

The proposed short-cut procedure can be used for either an 

initial short-cut design, with the usual inaccuracies of trying to 

estimate average stripping factors, or alternatively, a force-fit can 

be made tb a solution from a plate-to-plate calculation in order to 



obtain more accurote 31- sorption or stripping factors for subsequent 

'parametric studies on rcflux, stagos, etc. The simplified procedure, 

like the Rigorous Thlele-Geddes,is a design performance calculation. 

Computer programs were developed for the Thiele-Geddes 

plate-to-plate method and the short-cut procedure. In. addition, a 

computer program was written to obtain force-fit fractions requireri 

from a plate-to-plate solution to "educate" the short-cut procedure. 

Parametric cases were run for a five-component debutanizer column, 

and the accuracies of the methods were compared. 

The following chapters show the equations used in the 

Rigorous Thiele-Geddes Method and how they can be simplified for 1:1:a 

short-cut procedure. . 



THE RIGnROM TOTEL-0.,77 ES MT:TUOD 

The Thielc-Geddes Method for a column with a liquid sidc-

stream 1n the rectifying section is based on cf;lculaCng thc fcllnwing 

ratios: 

/L\ 
kdr

n,i in the rectifying section NTT > n > 

‘b;
n,i in the stripping section NF >. n > I 

where: 

k = Liquid flow rate of component i off stage n 

v = Vapor flow rate of component i off stage n 

d = Distillate flow rate of component :i 

b = Bottoms flow rate c component i 

n = Any stage (stage I is the reboiler) 

NF = Feed stage (Stage 1 is the reboiler) 

NTT = Total number of stages including the reboiler hut not 

the condenser. 

These ratios are calculated from equations based on component balances 

around the stage in question and the top or bottom of the column. The 

top and bottom component ratios can then be solved simultaneously to 

give individual component rates of the distillate and bottoms. 

A material balance around a total condenser (ref. Figure 1) 

gives the following equations: 



d 
rsTT J 4 

by definition the absorption factor is: 

1.. 
A ••,-, (3) n,i V

n
K
n,i 

ti 
n,i = Absorption factor for component i on stAgr. n 

n = Total liquid rate off stsge n 

Vn = Total vapor rate. off stoge n 

K
n,i 

= The equilibrium rstio value of component i on stage n 

Multiplying both sides of equation (2) by A and noting that 
W. 71%t. 

(P'NTT + 1); 
equal to the external reflux ratio (R): 

d 

• 

A material balance around any stage n below the top stage (NTT) and 

above the sidestream drawoff stage (NS) results in the following 

equation: 

vn,i = n + 1,i 
+ d. • (5) 

Multiplying both sides of equation (5) by A 2nd dividing by d's: 
n,i 



where: 

n < NTT 

✓ > NS 

NS - Sjdctstream drawc.ff stage 

A material bairmcfe around the top of the column and any 

.stage between the sieestTeam drr.o. ff stage and the feed stage. result:: i 

 the follow lug equation: 

✓ It= +d.+ w (7) n,i n + 1,i 1 

where: 

w.
1 
 .-FlaD.  rate of component: i in sidestream drawoff 

TqultiplyingbothsidesofequatimMbyA.and dividing by d.: 
n,1 1 

= r A.; (OA 
ttf w‘ 
- +i • 0)) 

'N.-  ;11,1 
+ 

,en + i 
• 

where: 

n NS-1 (see equation 30 for n = NS-1) 

N > NF 

v.\The 11-L6 ratios are obtained from the following equation: 

(Id) = d) (—LW ) (9) • 
NS ,i 'NS 

1"......obtained from equation (6) 

where: 

W = Sidestream drawoff rate 

LNS = Liquid rate off the sidestream stage before the side- 

stream is drawn off 



For the stanc below the sidestxcam (NS-I) equci- ion (8) is used with 

• repzesenting the ratio octet the sidestream has been drawn off 
d `NS,i 

t(. calculate F. . This is ealmlated by: kd
;NS-1,i 

- 
E --• (10) \dp . 1„. I 

NS i NS i I 

to b& used in kTom equation (6) 
equation (8) 

The stripping section is represented by a materiel balan.-p 

around the stage 5n question and the bottom of the column. 

n + 1,i (11) n,• i 1 

PiK\ 
1,ot sides of equation (11) by 31.1  1 .1 

n + 1,i 
add dividing by bi results in the followln equation: 

+ (12) (.1) = S n 1 
in 

+ n + 1,i n i 

where: 

n > 1 

n < NF 

The 
(t' 

is represented by the equilibrium relationship:
1,i 

• 

3y1 = 
K .V 

1 Cc) = --L. = s 

1,1 (13) 
1,i 

B X
1,i 



Using the asmrmed valv.es of stage temperatt:res, total liquid 

iS!•) and total vapor rates on each stage the r Th: atios in the rectifying 
den,i v't 

section and the . —.
1)
; ratios :in the stripping section can be calculated 
n4 

( 

from the previous equations. The directions of calculations are frcm 

the bottom of the column to the feed plate and the top of the colum to 

the feed plate. 

Rearrangement of an overall material balance. around the column 

results in the following equation: 

(F) - (`F i)  
-.d - _:_t_._ • (14) . 2. 

1 +(L) + (0 
,, aid 1. c it 

a
. 

1  

The Oa ) ' ratio in equation (14) is obtained from the following 
a,d  

equation. which is derived from an overall material balance, and a material 

balance equation around the top of the column and the tray above: the feed 

plate. A material balance around the top of the column and the tray above. 

the feed plate (see Figure 2) results in the following equation: 

+ d.1  + w1. vF i 
+ v

f,i 
= k

f + 1,i $ (15) 

Dividing by di: 

CF) (vE) . 0.:. i

t  + 1. 
+3) 

+ 
d + (1'1 (16) d d * 

i i 1 i 

By manipulation: 

( yr ) ((r)(z ) (v • F ii 4.  f ) (1) C f +  ) + 1 .4.  (y._,) 17 ) ( (I0(zF
) d i . li. i dpi d si , . ' i a. 

i 



Rearrangement of the overall to,..;e -r-  iwiterial balance equation gives; 

(18)  
d kdit

i. 

ib 
Substituting equation. (1.8) into equation (17) and sol.ving for f. 

‘rl;•4 

iwN / 
of 

V
F k 

( 13\ d NF   + 
+ + 

‘ L( ) d;. F) (Xi VF) (}CF:   J. 
(19)  

(i?) 4' b.; 

Rearrangement of the feed balance equation gives: 

vF \ C 217  \ 
NO?) (x k.(F)(xidli (20) 

Substituting equation (20) into (1.9) and simplifying results in the 

following equations: 

op\ Na,  + 1,1  •  
(21) 

\kt , 
(F) (x -r  \b/ F f i. 

The Thiele-Geddes Method combines the restrictions of hec!.t, 

equilibrium and material. balance. The summation of the distillate 

component rates and sidestream component rates does not equal. the 

specified distillate rate or the sidestream rate until the solution 

has converged. The theta convergence method is used to facilitate 



convergenco. The fl,eta met1:06 of ;:orvergence. selects a net of d's 

and w's such that their sum will eqral the sped fled distillate anei 

nidestream races, respective33— Thor:1 are two G's required which. 

pre defined by the following equations: 

(F)(z7.7r.
i) 

1+ , th + d 
(22) 

d w 

where: 

NC 
F di, = D specified (23) 

i=1 

nc fy\ NC 
E 

c
4 O dj, = 144, = W specified (24) 

i=1 
w 

i=1 

The thetas (0
d 
and G) are determined by the Kewton-

Raphsen Method. Equation 22 can be differentiated analytically for 

use in the Newton-Raphsen Method.1 

The component rates of the bottoms and sidestream which 

are normalized to the specified summations, are now found from the 

following equations: 

b = 0 d 
d df (25) 

= 0 d 
(26) 

Round off error is minimi.zed by using the above equations instead 

of differences. The selutienhas converged when the thetas equal unity. 



The composjtiens for each ht .^.,.w. are determined by tnking 

the (ad)'s or (v/b)'s, determined .;vem equations (4), (6), (8), 

(12), nnd (13), and ;Iitiltiplyinc then by the respective d.' or b 

The temperature profi3c for the next rrial is determined by either 

clew or bubble points. The methot! of convergence used for bubble 

nnd dew points is the Newton Method. The liquid and vapor rates 

. for the next trial are now determined by enthalpy balance calculated 

by the Constant Composition Method.1 
The enthalpy balance is 

calculated from the condenser down to the reboiier. 



SrlITI, JVYIING 7:' T!"7 Pr-f:PMS FITTOOD • 

The Simplified Thiele-Geddes Method is based on the Thiele-

Gerides plate-to-plate Tr.c..‘thod. The equations developed in the next 

paragraph are completely rigorous, 

Equations (14) and (21) are still to ly..= used, therefore 

series equations are developed to 
A 

obtain ---, .--i! ( and 
4,,,d . ( P 1,

1' - 1,i i' 
1  

(b 
 v\ 
-1 Successive substitution of equations (4) and (6) results in i
i 

•  

the following equation in terms of the component absorption factors: 

til = (R)(A NTT,1  •) . . . (AN_
S, 

 .) + (All
TT,i

) 
de i 

. . . 
NS, 

(27) 

(ANS,i) + • • • + 4NS 

where: . 

R = External refiux ratio, L
NTT + 1

/D 

and:  

0 ' ( d ) ( (28) 
NS ,1 'NS 

With successive substitution of equation (8), and remembering the 

restriction of equation (10) the following equation results: 

--,. 
kl . ( _ 

ANS-1.1' NE + !...,1) .,d . INF + 1,i .....f NS:l,. (29) 
,
........,...o,,'.  

"Ikobained from equation (27) i \ t 
(i) + (j.  .4_ te ( (A 
d \d,

i
, TS -- 1,i) (° TS - 2,i) i 

(. OF + 1,i) + • • + ANF + 1,11) 



Sucecssive sub3titutior of cquationc (33) and (12) results in the 

following ser7'.es equation: 

= (Sr
,
i)(SNF 1

,
i) . . 

(s1) 
 + (S

NF
) . 

NF,i 

(S ) + . . 
+SNF,i).(SNF  - 1

) sNF 2 
. (30) 

The simplified approach to the Thiele-Ceddes Method • 

divides the column into three sections defined by equations (27), 

(29), and (30). The first step in the simplification of the 

Rigorous Thiele-Ceddes Method involves the elimination of bubble 

or dew point calculations for each tray. Only the solutions of 

the end temperatures of the three tower sections are considered, 

The problem. then becomes one of finding the representative stripping 

or absorption factors for each tower section. 

Five temperatures are calculated for each trial. These 

temperatures are assumed for the initial trial. These temperatures 

and their methods of determination are: 

1. Top tray temperature (TT) - dew point of the overhead vapor 

(same composition as the distillate). 

2. Sidestream tray temperature (TS) - bubble point of the side-

stream product. 

3. Bottom tray temperature (Ti) — bubble point of the bottoms. 

4. Second stage temperature (T2) Ti, V1, B, and L2 are known 

aJong with their compositions. The composition of L2 is obtained 

by material balance. The bubbla point of L2 is therefore T2. 



Feed plate temperature (Tr) - this j';tI e "sled" temperaLur,:: 

used to converge the solution. 

The ressous why these temperatures are calculated will become 

evident in the folloTAnc nararrephs. The end terveraturce for 

the middle tower.  section should be the tray temperature below 

the sidestream tray temperature, and the tray temperature above 

the feed tray. It was first attempted to estimate their vnlues 

by linear interpolation between TS and TF. The increase in 

accuracy did not seem to justify pursuing this method further. 

Therefore TS and TF are used as the end temperatures for the 

middle section. 

Constant molal overflow was used to set internal liquid 

and vapor flow rates. Absorption or stripping factors for the 

ends of each tower section are determined by combining the equilihrium 

constant values with the respective liquid Pn d vapor rates. The 

reboiler stripping and condenser absorption factors are solved for 

separately, since these are quite different from the values in the 

adjacent tower section. The absorption factor for the total 

condenser is the external reflux ratio. 

The core of this simplified fractionation procedure is, 

therefore, the calculation of only five temperatures, the assumption 

of constant molal overflow in calculating absorption or stripping 

factors, and the solution of forms of equations (27), (28), (29), and 

(30). 



One method tor 5olvirL1; ecuation.77 (27), (28), (29), and (30) 

is to assume a linear profile of absorption or stripping factors 

between the calculated end valr,es. This conitut-es the stand-alone 

version of the calculation. With this approach the calculation 

procedure is as follows: 

(L3)  
ANTT,i (V3) 

(KTT, 1
) 

• 
where: 

L3 = (R)(D) 

V3 = (R)(D) ± D 

2. A__ C1,3.)  
AN S, (V3) (K, ) 

3. Solve equation (27) fork using a linear interpolation for 1 -7-  
\di

NS,i 
the A's between A

NTTi 
and ANs

,
i. ,  

.F1 = V\ W 
'ydf

i NS,i 

where: 

= (R) (D) + D 

L2 5. A
NS - 1,1. (V2) 

(KTS,i) 
 . 

where: 

- L2 = (R)(D) W 

V2 = V3 = (R)(D) + 

L2  6. A
NF + 1,i (V2) (K n  ) 



7, Linearly interpolate for the intemcdiato h's or the middle tower 

N 
section and solve equation (29) forfi:71 

VFNF + 1,i 

(1(Tl
)(VI) - (F)(1 TIN) 

8.  

where: 

FLIQ = mole fraction of the feed that is liquid 

= (R) (D) + D-(F)(1 - FLIQ) 

where: 

L1== V1 +B 

(KT2)(V1) 
9. s

2,i 
= 

Ll • 

() 
AP 5  

10. SNF,i = 
0(, 

•
)V 1 
 

Ll 

11. Linearly interpolate for intermediate S's and solve equation (3) 

for v\ 
h'NF, i 

12. Solve equation (21) for (1) . 

13. using 0 which is 

initially unity. 

(F) (z.) 
(31) d

1 
= 

— 
••3 %-fikkd • (d. °J 

where: 

0 is a forcing factor which is required to have the calculated 

sidestream rate equal the specified sidestream rate. 



16. Solve lor ri 

15. Solve equation (31) using the calculated value of ev. 

16. Determine the compositions on the four key locations by 

multiplyingtheappropriate(140.3. 3. hyd.or(v/b).by h.. 
•  

17. Solve for the four equilibrium temperatures Tl, T2, TS, and 

TT, using the appropriate location compositions. 

18. Go back to step 1 aid repeat until the assumed temperatures 

(TI, T2, TS, and TT) equal the calculated temperatures for 

a given trial. 

NC 
19. If E d, from step 13 equal the calculated distillate rate 

the solution has converged. If they are not equal assume a 

new TF and return to step 1. Standard linear interpolation 

procedure on distillate rate and TF is used to converge. TF. 

Another method of solving equations (27), (29), and (30) 

is to define an average absorption or stripping factor for each 

equation. Equation (27) becomes: 



, . "avcrAge" abriorption factor of cat ptmcnt i 

J n the upper towc.-... secticm. 

Equation (29) becomes: 

where: 

. . . "aver." absorption factor of ce;Iponcilt A2
mu-1,i 

in the middle towt.tr section. 

Eqution. (30) becomes: 

where: 

S1
ave,i • 

. . "average" stripping factor of component i 

in the stripping section. 

Since constant molal overflow is used in the simplified calculation 

procedure equation (32) equates to: 



One ro,,thod of finding Ai 2, A2 ., and Si , would 
avc,1 aveo aw!,1 

be to take the arithmetic average of the respectl.ve tower section 

end valms of absorption or stripping factors. It has beer !!'b ,w.. 

in the earlier unpublished wor.k by Dr. Ceech(%tt on simplc towers 

that the accuracy obtained by using a,:jthmetic .vcrngc valuec for 

stripping or absorption factors is less than if a linear profile 

were assumed between the end absorption or stripping factors. 

The best way to determine the "average" absorption or 

stripping factors iF to obtain definitive "average" fractions for 

each component that reproduce the rigorous plate-to-plate solution 

exactly for a "base" case. These fractions can then be used to make 

paramc.tric studies at other tower conditions. First, the fractions 

where the "ave.r:ige" absorption or strippinp; factn,-,1 lie 

need to be defined. 

Upper tower section: 

Middle tower section: 

Lower tower section: 



Ti: 0'7\ tr Y23. v  
r. , ratios from tbc Rigor^us 

\d/. %(1. NF 

Thiele-Ceddes solution arc Inserf- cd into the appropriate equations to 

solve for. A3 
' A2 

Equltions (33), (34), and 
i ave,iavc,
, and Si 

avc!, 

(35) are solved by a trial one Prror procedure. for f3 A2 
' ave,i ave,i 

and S1ave,i, 
 respectively. The hall:-interval method of convergence 

is used, with 0,e ricorous absorption or stripping factors as limits 

for the respective tower section end values. 

The fractions are ne-At determined using equations (37), 

.(38), and (39). These fractions usually lie between zero and unity, 

but they can be negative due to the fzet that the end values of the 

absorption or stripping factors used in equations (33), (34), and 

(35) are based on conFtant overflow. These  fractionc when used 

in the simplified Thiele-Gedde-3 Method reproduce the rigorous 

I. /0 solution with , in any desired tolerance convergence on , r--, 
Ihdf

NF 1,i 
 

/VI 
and "R 

‘biNF,i 

The real benefit of using force-fit fractions (FRAC3, FRAC 21, 

FRAM) is that parametric cases can then be run with a high degree of 

accuracy. The calculation procedure for the parametric cases, obtains 

and 
S1ave,i 

from the following equations the A3
ave,i' 

A2
ave,i' 



Mt, ca3oulfltion preeedi ire the. Foren-I;it Thiele-Geddes 

Method is essontially Lhe samo us that for the Stand-Alone Simplified 

Thielc-Gaddes shown on pages 20 to 23 The difference between the.  

'9' 
two methods are the equations used for the component ratios 

d/ ' 
•f-1,i 

 

(1j) and . The equations to be used for the Force-Fit Thiele-

Geddes Method are (33), (34;, (35), (36), (37), (38), and (39). 
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Table 1 on the followin pa2-e. summarizes the cases that 

were investigated using three calculation methods. The three 

calculation methods arc: (1) kigore:.lo Thiele-Geddes Methcd, (2) 

Stand-Alone Simplified Thiele-Geddes Method, (3) Force-Fit Thiele-

Geddes Method. Computer programs were written to carry out these 

investigations. A total of SiN debutanizer column cases was 

studied. Case 1 was selected as the base case from which the force- 

fit fractions were extracted for use with the Force-Fit Thdele-
. 

Geddes Method for the other five cases. 

Tables 3 through 8 tabulate the results for these six 

cases using the three calculation methods. The force-fit fractions 

which would be required to duplicate the rigorous base case solution 

may be found in Table 2.- The accuracy of .the Force-Fit Thiele-Geddes 

Method is considerably better than the Stand-Alone Simplified Thiele-

Geddes Method, with the exception of case number three, which has a 

reflux ratio considerably higher than that used in the base case. 

It is apparent that in this instance the force-fit fractions extended 

into a region which is beyond the accuracy of the method. 

Temperatures calculated for.the distillate, bottoms, and 

sidestreams were within 2°  or better of tile rigorous solution values 

for the Stand-Alone Simplified Thiele-Geddes Method and within 0.5' 

for the Force-Fit Thiele-Ceddes Method (except case 3). Compositions 

were within 0.3 moles for the Stand--Alone and 0.1 moles for the 

Force-Fit. 



Table 1 

Tower Case Stud3.es . .       
• 

Fixed Variables 

Feed, Mole % 

C3 5 
iC4 15 
nC4 25 - Light Rey 
iC5 20 - Heavy Key 
nC5 35 

Liquid Feed at its bubble point of 181.6°F 
Fixed Feed Rate of 100 moles/hr. 
Fixed Tower Pressure (120 psia) 
Total Condenser 
Side Stream Drawoff Rate = 10 moles/hr. 

Case 
4  

Parametric 
Variables  

Reflux 
Ratio 

Distillate 
Rate 

(moles/hr) 

Number. 
of * 

Stages 
Feed 

Staoe*  .4 

Side Stream 
Dlawoff 
Stage'"   . _.  ___ 

1 Base 2.0 30 10 5 8 
2 High Reflux 2.5 30 10 5 8 
3 High Reflux 3.0 30 10 5 8 
4 Low Distill- 

ate 
2.0 25 10 5 e, S 

5 High Stages 2.0 30 11 6 9 
6 Low Feed 2.0 30 10 8 4 

Stage 

*Stage 1 is the reboiler 



Table 2 

Case  1 

Parametric Variable: 
Reflux Rate:  2 
Distillate Rate. 30 
Number of Stages 10 
Feed Stages. 5 
Side Stream Drawoff Stage:  8 

Force Fit Fraction From Rigorous Solution 

Component Top Tower • Middle Tower ' Bottom Tower 
Number Section Section Section 

1 .2850 -0.4872 .1037 
2 .3038 -0.3804 .1322 
3 .3160 -0.3371 .1311 
4 .3551 -0.2907 .0397 



Table 3 

Case 1  

Parametric Varialbe: 
Reflux Rate:  2 
Distillate Rate. 30 
Number of Stages: 10 
Feed Stage.   5 
Side Stream Drawoff Stage:  8 

Com-
po- 
vent 
No. 

Distillate 
Mole Moles/ Temp 

Fraction Hour °F 

Bottoms 
Mole Moles/ Temp 

Fraction Hour °F 

Side Streams 
Mole Moles/ Temp 

Fraction Hour °F 
Calculation 
Method Used 

1 .J. .1530 4.59 .0017 .10 .0307 .31 
2 .3370 10.11 153.1 .0501 3,01 213.3 .1885 1.89 174.2 Rigorcus 
3 .4254 12.76 .1436 8.61 .3523 3.62 Thiele- 
4 .0485 1.46 ,2777 16.67 .1380 1,88 Geddes 
5 .0361 1.08 .5269 31.61 .2305 2.30 

1.0000 30.00 1.0000 60.00 1.0000 10.00 

1 .1534 4.60 .0016 • .09 .0302 .30 Stand-Alone 
2 .3405 10.21 152.2 .0478 2.87 213.9 .1918' 1.92 173.4 Simplified 
3 .4286 12.86 - .1403 8.42 .3724 3.72 Thiele- 
4 .0451 1.35 .2800 16.80 .1 346 1.85 Geddes 
5 .0324 .97 .5303 31.82 .2210 2.21 

1.0000 30.00 1.0000 60.00 1.0000 10.00 

1 .1530 4.59 153.1 .0017 .10 213.3 .0307 .31 174.2  Force-Fit 
2 .3370 10.11 .0501 3.01 .1885 1.89 Thiele- 
-, .., .4254 12.76 .1436 8.61 .3623 3.62 Geddes 
4 .0485 1.46 .2777 16.67 .1880 1.88 
5 .0361 1.08 .5269 31.61 .2305 2.30 

1.0000 30.00 1.0000 60.00 1.0000 17.7:7T-0". 



Table 4 

Caz'e 2 ------- 
Parametric uariable: 

Reflux Rate:------- 2.5 
Distillate Rate----------------30 
Number of Staaes - ----10 
Feed Stage-- 
Side Stream Drawoff Stage-------8 

Com-
po- 

neat 
No. 

Mole 
Fraction 

Distillate 
Moles/ Temp 
Hour °F 

Bottoms 
MO:C6 :loros/ 

Fraction .. ,our 
Tenlp 
°F 

Side Stroams 

• 

Temn 
o v  _ 

Calculation 
n athod 7.7s.i.d 

Moln 
Fract i on 

'olcri/ 
Four 

1 .1544 4.63 149.9 .0012 .07 215,3 .0294 .29 770.1 
2 .3476 10.43 .0425 2,55 .201 8 2.02 ,A.J...,..K.....,-, 
3 .4358 13.03 .1120 7.92 .4005 4,01 Thiele- 
4 .0373 1.12 .2859 17.15 .1732 1.73 Ge..acles 
5 .0248 .74 .5384 32.31 .1951  1.95 

1.0000 30.00 1.0'209 60.00 1-0000 107) 

1 .1547 4.64 149.0 .0011 .97 215.9 .9290 .29 359.5 rit,-.10-alone 
2 .3509 10.53 .0401 2.41 .2056 4 ^ , 0,,  SinplifieJ. 
3 .4380 13.15 .1284 7.70 .41 40 4,1'1 rl1c.le- 
4 .0340 1.02 .2335 17.31 .1572 1.67 Cocif.1=n 3 
5 .0218 

------ 
.55 
- 

.5419 32.2 1'1 7' ....0...,i 1.83 
---- 

1.0000 30.00 T:(5-607, 60 .00 1.00   .5 To . o 3 

1 .1 344 4.63 150.1 .0012 .07 21 5.2 .09,05 ,31) 171.0 Force-Fit 
2 .3471  70.42 .0420 2-57 .2012 2.01 Thiele- 
3 .4349 13.05 .1 330 7.38 .3 c,'75 3,97 Geddes 
4 . 
5 

.0379 

.0255 
1.14 
.76 

.2853 

.5375 
17,12 
32 .25 

,L1.41 
it-- ...7  -..0 

1.7i! 
1.!":8 

(-Isecl on C%Ise 1) 

1.0000 30.00 17600 T671,5 2..6 7517.5 



• Table 5 

3 

Parametric Variable: 
Reflux Ratel----------- 3 
Distiilate Pzte------- --30 
Numbir of 

S4 do ::4t -zoam Drawaff: 

Com-
po- 
nnnt 

No. 

Distillate 
Moi..e7':o.ls!--V Temp .. 01, Fraction :-.)ur ,. 

Eottoms 
Mo7a7-7,--Tos/ 7ep-:-: 

oi, Fract:!o--.. I= e _._ 

Side Streams 
Mole 

Fraction 
Molec:/Temp 
Hour ov  

f":,:1c70:3,:rion 

1 .1554 4.66 147.2 .0008 .'52i7.3 .0237 • .2.4 3.6.6 
n 
G ,3571 10.71 - f--;?1;) 2.10 .2137 2.19  
3 .443) 13.32 .1204 7.22 ,4450 4.5 --•• -,1 -,- 
4 .0274 0, . 2':A3 17,r:7 .3511  1.51 :.--•1:::::: 
zr, 0162 ,9 .51.3 32.!.,5 iff.rr 1,55 

7170500 3(:755 170000 60.7 7.5 37.75075 1 r) -..)77 

1 .1555 4,57 147.1 .0008 .05 217.5 .0292 .22 156.5 St.-. 1-?,10,1,,,  
2 .3578 10.73 .0347 2.C9 .2126 2.1.!=  
3 .4442 13.33 .2198 7.1; ./.422 4.•3  
4 
5 

,0267 
.0157 

.30 

.47 
,23.":9 
,54.9':' 

37.69 
32.c9 

.1507 
.1543 

1. 
1 ,- -.. 

IT0006 30.03 IT0557 63.75 775i.riliT 777 .F„.  

1  .3554  4-56 1 48.1 .0009 .05 216.7 .0207 ..." •L53,3 -,*-= -Tit 
' 4 .3544 10-53 .0375 2.25 .211) 2.17 
3 .4407 3.3.22 .1250 7.0 ."1,.0 4.20 -.. -: ,s 
4 .0305 .P2 .2913 17.48 .1532 1 .'s,' (-.5 .;,C2C1 0.T1 Case 1) 

5 niGn 
:17:66)75 

.57 
30:50 

.5453 
7.00(55 

32,72 
6.572-5 

.1714 
1.770375 

1.71 
.1::57 • 



Table 6 

Case 4 

Parametric Variable: 
Reflux Rate 
Distillate Rate----- 25 
Numl:er 07; Stages 10 
F ad Sta(7.-- 
Side Stream Drawoff Stage-----8 

Con-
go- 
vent 
No, 

Distillate 
Mole Moles 

Fraction Hour 
Temp 
°F 

Bottoms 
Mole __Moles/ Temp 

FractionHour °F 

Side Streams 
"oie 

Fraction 
!Aoles/ Ter) 

, Hour 0I: 
Calculation 
.74ethod Usr.1:5. 

1 .1774 4.43 150.2 f.0031 .20 203.2 .0365 .37 171.7 
2 .342) 8.57 .0620 4.4.2 .2704 2.00 -. ,I-Torcus 
3 .4O!2 l0.15 .1725 11.22 .1641.5 1.65 ,: - • r,  I ."5 -•• 

4 .. 
) 

.0424 

.031.5 
1.06 
.79 

.2640 37.17 

.492A :7.01 _ _-- 

.1781 

.7205 
1.78 
2,2O 

(1.23 

I.TMO 25:05 11.000?) 65,00 1.-1-777.j-  1:-.71 

1 .1806 4.51 148.4 .0011 .12 209.3 .0369 .37  169.7 Sta-1.-Alon,-,  
2 .3520 8.30 .0G2D 4,0':. .2114 2.11 S4.1,.-pli:irs5 
3 .4043 10,21 .3703 21.09 .3799 3,80 M±/1,-,- 
4 .0365 .92   .2675 17.39 .1'85 1.69 qe&des 
5 .0262 .66 

25.00 
.4971 32.31 

1. 0000TIT:TY 
.2033  

777 n0 .. T '-i-"V . 1.00'10 

1 .1799 4,50 150.3 .0020 .33 208.3 .0370 .37 172.2 Fcrce-74' 
2 .3659 8.65 .0668 1.3: .2012 2,01 .12.,....-: 
1  .399q 9.97 .17f5 11.47 . -.3g 3.56 -03 
4 .0419 1.05 ,2647. 17.23. .17)5 1,71- (6ascld on Czsz.' 1) 
5 .0335 

3.. ij 0 75-1.  
PA s J ''.. 

Tf, 1.T'Y 
../P2mY '31..; 

1737,71iY ''---.7:-
8
'7•1 

,;•11-- 
___ 

2:77'3T) 
--, -.--, 
___ 
"4. -) co 

c.,.., 



Table 7 

Ca 5 

Parametric Variable: 

• Num:5or of Ste.- ----'---  -11 
Feed --6 
Side Stream Drawoff Stage--------9 

Corn-
p0- 
nent 
No. 

Disti11:7_. 
Mole ly.o.!.cs/ TN11.17, 

Fractionricul- 0- r.: 

-ttr)m,..i 
7..,,.c3e -s.,elo,s,/ 

- Fra H cfr, ion: 
Temp 
o r • 

Sie Strea.:7!i! 
:).'...)le Mr.7,1q, / Tm,:-,,  

Fracrcion 710,1,:. n„ 12 
C,le.ralatior. 
2'7:a jr il C -..I I--,  ' e, 

1 _ ..,__ ..)  ir; 0 -• r1 4.53 152.1 ,01:) .(":5 214.1 .114 .31 172.S 
2 -e-- ,..)-Le... t r. -I-,  ...;.,v .0.• .--... 1. '' 7 . 1 .s !:: 1 1. 6 
3 .4252 1.2.7 ,7!".. - -, 

':).::' .-;71,... 3.72 
A .04 49 

- ,- 
1.Z.11 .23'7 1E.P4 .1a:) 1.81 Cer.-_aPs 

5 .0130 
1TisinT5 

.9 , 
3C7.5.5 

.32,-.'f. 11.c..1 , ,---,,,7,7 ",--,„ 1.1.;) E.;...) 

,sn, 

5:7 1:5.  
2,90 

10 

1 0,......t.1
lq,!:. 4.53 151.3 "1'.'1 .0_:. 214.7 .0319 .31 171.7 Sta711-.;ne 

2 .3464 10.39 .r., T. I 2.60 .2101 2.1r. 3.11-.7:lifiecl. 
3 .17117 12.36 .1:3 8. 20 .3039 , i 

.) ,C
n
!'. Tla4 c.17- 

4 .0412 1.24 .234 1 7-00 .1763 1.76 Ged,...les 
5 .n292 ...,.--), .53 A 0 32 .I. A .20S 2. ,-).' 

1 . 0030 30.03 1. dTo cr r-10 . C r.) 1 .1j0./..: 1 ,. i 

1 .1543 4.63 152.2 .003,..; (...r p14 . 0 .0333 = 173.0 Force-Fit 
2 .341 9 10 . 2  ,..t.'..!-n 

3 .4248 12.74 ,7.427 cs$,..: .3i393 7-70 .71e&dea 
4 
3 

.455 
1.11- .....,--.1 

1 -,••• ..,...:..,, 
1.01 

."'.':! 3,6.,7 1. 
7:.• .: • , ' i 

,12":;'9. 
•, ,1 -,:, ? ,.. 

1.'„':2  
(-13,-...sed on c "....; 

7ET000) 30.- 03 1:-firrir,y T6-.7-7.: 



Table 8 

Case 6 

Parametric Variable: 
Reflux Rate------- 
Disillate 7atc-------------30 
Number of Staqes- 
Feed Stage----------- .8 
Side Stream Dramoff Stage----4 

r. ...-om- 
po- 

nent 
2,1o. 

Dist!llats. 
To =o n6 16s/ 

Fraction Hour _ 
Temp 
°F 

Bottoms 
Mole doles/ Te-rp 

Fracti%m your °F 

Sile   Streams 
::iole 

'Fraction 
:1ole7/ 
:cur 

57('-np 
°:.;' 

Cal:ulation 
Mei-ho-1 Umnd 

1 .1508 4.53 154.1 .0029 .13 212,4 .0221 .10 175.5 
2 .3304 9.91 .0545 3.27 ,1312 1.81 1737-oro.:;r: 
3 .4273 12.82 .1430 8.53 .3532 3.55 m : ,.....,-„,:- ,.,- ,._... 
A . .-i ? - n-ln  

.: 1.60 .2774 16,41 .1996 2.00 Godfr)3 
5 .0322 1.14 .32:3 31.52 .22,41 2.34 

T.016-6 5T) 7)7 7.,,.i 0 7,,-.76 5 -7'771  r0..ri'l 

1 .151 5 4.54 152.3 .1027 .15 21 3,2 .0295 .29 174.2 gtarei-Alone 
2 .3346 10.04 .0317 3.1 ....:: 551 1.86 Simolified 
3 .4317 12.95 .13!)4 8.17 .3586 3.69 Thiele- 
4 .0'89 1.47 .27'.:3 16.53 .'95,1  7.95 de-ices 
5 . k.-).... n=1:1 1.00 .5299 31.7D .2207 2.?.1 

1.0000 30.00 1.0000 65755 7.7 0.01 

1 .1509 4.53 153.9 .0029 .17 212.5 .0301 .30 175.3 Toroe-Fit 
2 .3310 9.93 .0542 3.25 j.819 1.82 nj.P.10- 
3 .4275 1 2.83 .147,5 2.61 .3'45 3.56 Gz1,:.:.ds 
4 .0529 1.58 .2?17 36.4 1  .1::72 1.33 (Eased on Case 1) 
5 .0? 77 1,13 .527 31.54  .,-=-;./ 2.33 

T_TC52.,Y5 T0.80 1 . 0 -)rk 0 60.01.1 1. 0i 7g 1677-71  Vim. 



CUPCTT.F7 TONS 

The Simplified Thiel-Ce6es Methods make possible rapid, 

accurate screening calcuJatiom:. The Force-Fit Thiele-Geddes Method 

is well suited for parametric studies around a rigorous solution. 

The degree of accuracy that can be obtained from the Force-Fit Thiele-

Geddes Method is believed to be tho highest available from a short-cut 

procedure. Reduced costs for fractionation studies and a better engi-

neering understanding of the effort of key tower design variables, are 

the princir3c assets of these retb^.ds. 

It should be emphasized that the Force-Fit Thiele-Ceddes 

Method is not limited by the constant molar overflow assumption used 

in the development of the simplified ecivations. The force-" ..t 

fractions take. into account deviations from constant molar overflow 

• by force fitting the rigorous solution. The force-fit also takes 

into consideration any composition effects which were used in the 

basic data. for the plate-to-plate procedure. 



RECOM7nATIONS 

The simplified fractionation procedure based on the Miele-

Geddes Method ran be adapted for eny type of tower with a two-pase 

system. Thie can be. accempliF,hed by Oeveloping modular celculation 

blocks for each type of tower section. 

An improved convergence procedure using the theta method 

for complex towers could facilitate convergence. This shnrt-cut 

fractionation procedure requires investigation. for towers with very 

nonideal systems such as extraction, extractive distillation, and 

azeotropic distillation. 

The equations used in the simplified fractionation preceduce 

are fundamentally sound, and improvem,enze can ha made only fcr methods 

for estimating the average absorption or stripping factors. it may be 

possible to develop a method for adjusting force-fit fractions to give 

more accurate answers for parametric cases. The distribution curve of 

the average absorption or stripping fraction as a function of the ab-

sorption or stripping factor at the respective tower end values could 

provide a basis for improving the force-fit method. 

Graphical methods can be developed for each type of tower 

section thus permitting easy hand calculations. Work using graphical 

methods has been done by Dr. Ralph Cecchetti an adjunct professor at 

Newark College of Engineering. His work has not yet been published. 



NOCUTBI:E 

A . Absorption factor on stage n for component i 
n51 

• = 
V L 
n n,i 

"Average" absorption factor of component I in the A3 "Average" 
upper tower section 

A2
avc,i "Average" absorption, factor of component i in. the 

upper tower section 

B Bottom molar flow rate 

b Molar flow rate of component i in the bottoms 

D Molar distillate flow rate 

d Mo].ar flow rate of component in in the distillate 

di' Molar flow rate of component in. in the distillate 
calculated by use of the theta convergence weLhod. 

DDF Design degrees of freedom 

F Molar feed flow Pate 

FLIQ Mole fraction of the feed that is liquid 

FRAC3. Fraction describing A3 1 ave,1 

FRAC2
i 

Traction describing A2
ave,i 

FRAC1
1 Fraction describing Si

ave,i 

Hti Vapor enthalpy at temperature t of component i ,  

HC Heavy component 

h
t ,i Liquid enthalpy of temperature t of component i 

i. Subscript designating component i 

Kb ,i Equilibrium constant on stage n for component i 

Y 
K. =  
n,i X n, i. 



K 
tsa.  
, Equilibrium c,,notorA of tomporar eslir r for compnuent i 

L
n 

Tote.] molar liquid 1:1.x. off stage n 

L
NS 

Liquid molar rate off the sidestream star before the 
sidestream is drawl! off 

Li Liquid moinr f. ow rate in the lower towz,17 sc_etion 
based on contaniL molc,1 overflow 

L2 Liquid molar facw rate in the middle tower section 
based on constant moial ovcrflov7 

L3 Liquid molar flow rate in the upper tower section 
based on constant molai overflow 

k
Fi 

Liquid molar flow rate of component i in the feed 

k
n,i 

Liquid molar flow rate off sta2e n of ccmpnnent i 

LC . Light component 

NTT Number of stages including the reboiler but not the 
condenser 

NY Feed stage 

NS . Sidestream drawoff stage 

R External reflux ratio (I,
NTT 1- 1/D

) 

n,i Stripping factor on stage n for component i 

V
n
K
n i 

S- 
n,i L

n 

S1
ave,i 

"Average" stripping factor of component i in the 
stripping section 

Tl Bottom (reboiler) tray temperature 

T2 Second stage (tray above the reboiler.) temperature 

TF Feed tray temperature 

TS Sidestream tray temperature' 

TT Top tray temperature 

V Total molar vapor rate off stage n 



V1 Vapor molar flow rate the lower tower section 
based on covIstant overflow 

V2 ipor rolfir flow rate 311 the middle tower sect .on 
based on eonstnnt molal overflow 

V3 Vapor molar flt;%; rate in the upper tower section 
'based on conctart 3.,..Ac:1 overflow 

Molar vapor flow rate of component i in the feed 
F,i 

y
r

Molar vapor flow race off stage n of component i 
n i , 

Molar sidestream f.1.o rate 

w. Molar flow rate of component i in the sidestream 

wit Molar flow rare of component i in the sidestream 
calculated by the theta convergence method 

x . Liquid mole fraction on stage n of component i no. 

-F,i Mole fraction of component i in the feed (regard- 
less of vapor or liquid) 

Vnpor frriction nn stage n of componcnt i. - n,i 

z
n,i Mole fraction of component i in composite feed. 
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APPENDIX A 



Main Program for 1:17,p Thielc-Cocides • 
Metlioel 

DIMENSION A(5)16(5),C(5)0(5)4E(5),X(5)1XL( 5)*Av(5) 

. tWOD15)17(15)1AAL(15)*X"!(.15.),RAI.(5*-1.6.)st-tO0(5) 
COMMON As5sCsE..sE 9 

1- Al (5)031(5) tC1(5) 01(5) tEl (5),A.2(5)1,492(5),C2(5),D2(5)/Z.2(!.':) _______ 
AK (Ap sE3Tis(C*DD•EE IT ) =AAf TT*(b+TT*(CC-c•T T*I OD+T T 4•EE) ) ) 

READ(2s103) (A(I) tB( I )tC(1)*D(1)*E(1)•1=1 INC) 
_  R UTE ( 3 * 700.).. - _ 

700 FORmAT (///t30Xs'K DATA CO;iSTANTS:K=A1-7-*CTT+OTJT+ETTT) 1 1 /3Xs 

11 C0MPONE•41.  NLE•iFsER ( I ) • is Xs ' 
WRITE(3,301) • 

_301 FO2'4AT( IH11.5X "DIST ILLATION .P20:112AM**! 0/P. X ti**TnIELE.•GEDDES `4E HO 
10",///0X0-x*%0TE**TRAYS ARE -o.lve,ENED Fauy, Ti '•O710'' .'siTr! P 

.1E11:OILER 13E.P.:3 TRAY .NI.P.1.3ER 1'1 - 
302 FOR:-IAT(ii.X • 'DIST ILLATE RATEMLEES/HR)='*F5.1•51/6X**51.:47. STP.EAM 

; (f.4.01.F.5/!••7)=' F11.5 I /6X s REFLUX RAT 0= 1  eFils: o /6.4. 9 I Ftl.ti.0 RikTi( •10.ES/ 

3= 1 r.1; s • 
_WRITE( 31.701) (,'.,A(1.),BII)*C(1),D(I)*EiJI91=2.0C) 

701 FORN'AT ( 3X9131,5E18.8) 
_READS 291:12 ) II IA(!) 7XV ( s. I=1*NC _ 

READ(2s1D2) Fti;')Dt.R.5,FLIO,TE 
WRITE( 3002 ) DDL•s*StRtF 
NmuNTT,-I 

.....READ(2,132) (T(1),I=Is:IN ) - _ . . 
WRITE (3s 300 ) !••:CINTTiNSOXF 

300._FOPMAT 1,12X ' I :PUT SPEC! F I CAT IONS' 9/3X t I ***NOTE 1-.4AY 1.15 THE R 
1Ee4.-A1.ER.**-g ,/6>:, t NUMF3FR O COmPONENTS=' 13X s,  13 7 /6.4s ' NUMBER OF TR 

(INCLUDING THE REBOILER)= ,12X113,i6X, ,S1ua STREAPI PLATE.NUiltl.E.R _ 
• X s I 3 s /6X • 'FEED TRAY Niu!".BER= 1 ,6X9 131 

.FORUT (445 ) . 
101 FORMAT( 5E15.9) 
102_ FORMAT ( 3F10.0 )  

THETD = • 5 

• . -T W • 5 
1,7rTs:,:x 

g&P,-(1)=F-)DD-S 
T +1 ) =:•(,* D --____ • ._ _ 

VI/VNIT ) =D0D+AAL ( NTT+1 ) 

DO• 30 I=1 X 
. VV( I )=VV ( NTT 1-1-k ( 1.-FL I(:) - • • 

30 AAL11+1)=AAL(NTT+1)—S+FicITLIU • 

DO 31 1=NFt..1 • 
. . VV(I)=VV(NTT) . . . 

. • . . - - . . . 
• 

• . . r • 
• 

• • 
. • • • .• 



31 AA1-1141)=;:!.'.(NTT+1) "5 

-- -.--_. - 
NN=N5-1 . 

. DO i. 1,-:t../ . _ . . . - . .. . . . . _. . 
VV(1)-'vV(N1r1 . 

?2 AAL(I+1)=/..f.,(.(:(T1+1) . 
 

. . • _ 
• 77 (%) 1 1=1,NC  

1 94T(I.N1-Tql)=!: .......... ....... _ _. • . _. . . .-------- - _ • .. 
N%,-NTT-%541 
D'd 2 J=1;NN . . . . . . _ ._. . 

1)3 2 1=17NC . . . • • . . . , • 
AK1=AKI A(1)1,[1(1).C(1);D(1):‘C(3)5T(N) ) 

_ ____.2 RAT.( IFNI=  AAL(N )*; ;.:?..1 (.1 5 X .t. I).  . LON ( iti ) f /0;1) . _. ___ ___ .... . ____ _._ ..._.... 
• DO 4  

'::0D(11=kkiiI,NS)v5/A.%L(N5) - .........._ —.. ----"" "-- "" - — 4 RA1(1,NS)=!•:41(1sNS;-47.7.)(11 
r:MS-NF-1 . . _ . ... . .. ..... ... ..... ..... . " ' .. 
00 3  

. • K,NS-.1 --------_ ...... -. — -. - - --- — _— - ...-........ 
. DO 3  

IX1',=0:( Aii)ififT/tC(1);!..1:1);:(i),T(N)) _ 
3 PAIiliN),.At..: (f:),*(RW1(!..;.:10'..:(111-1;)/(VV(N)*AK1) . . 

_ ._. _ . _. . ._ . . 
. • K1=1,K(A(1).1:111tC(1)01),ECI)till)) 

. ....... _ __ . f:. PA7(111'r,AK.1-1...V(Iii.J; . .. . .. .. . ...... ..... ..... .. .. ... ..... ...._.. _ .. ..... . ... 
7.,  

:::: 5 71,:-.. .. ..__„. . . . . . 
• Ar.1=Ar.,(AMO1(i)0C(1)gD(1),C(I)IT(J)) 
5 i'!,.-1(1.j)zAi'...VV(J)Nii.(14(1,..1-1+1)/AAL(J)_ _  

. . C CA:.(..!jz..AiE B/D'S 
DO 7 1ItkC ------.. _. . . - - - . 

7 BODf11=(RAT(1,NF41)+XL(1)/(F"X(I)) *(1.+WOD(I)))/ 
. • 1(RAT:ItNF)4-XV(1 1 /(;T'Y.()))) _  . . . 

45 SU.'."01, • 

SIP.12=0. . 
. . 

5W.A:D. 
............,.... . 5(E:5=0. . . ____ . . . _ _ . .. .. . 

• DO 13 1=1;1'C  
SS=FPX(I)/(1,4-THETD*BC:'(1)tThETW4,-.d0D(1)) .._ _ .  
!?.P!=SOM+SS 2 

. 
;=.J5g1HETWT40()(1)+G.'%'3 _ ...... ._ _ -.%. . . . ..-- ...... ...... 

6S= F4X(1)/t1s+( LTD+,0C1)*BCu(1)+THETW*v;CD(1)) 
_ _ SUM1=SUM1+SS . _  

T:-;P::O.)(1)4.n.O'-'..4 
PgX(1)/(1.+ICTD*D0Dti)+1THETv;+oC01)4(w00(1))  . . . . 

'-l-v : ' ' SU".5'55.g(TOETi•:4.001)'1'e!OD(I)+SU 

IF(ABS(S-D!)0)/D:.):;-NODO1 ) 49,4.9,4C 
49 1F(A3S(S-.....!)/S'....00001) 47,47,4° . .  
Li B FiX7-(5U!A1-1J.'.)/.301 . 

_. . F1Y,(SUM2 -S.:J.4)/031 .. 
F2X=(SUY4-5;.r13)/,001 . 

--___----_ . __F2';=15U"5-.L,J.....3)/.3n1 . ..... _______ ... 
THE= (F2X4(St.W.-DDLI)-171)04(513.43....5) )/(F2Y*171X-F2XeFlY) 

----_ ... . THETW=THE+THETW . -- . . . . 



• 

• 
. . . . . . . . . . 

THETD=THET0 -^0DD)+rlY4 INE  

WRITU(3t5691 .THETD,Y1ETWISU..Y.M4 
GO TO 

969 FORMAT (6WTHET0= 1 9E1568.16Y..THETW=' ,E15.C1/f..X001TILLATE= '•: 
• 

1 E15.69/X.1 1OF STREAM E1)$6) 

• - .67 DO 46 I.T1oNC • . _ _ . _ _ .• 

RATII,NTi.v1I.F*X(1)/(1...“;FTDI'BODIT)4 THET4*WOO(I)) 

ALDIII=RAT(IeNF-L1) • 
46 PATII%1)=80D(I)4ITHETDIiRATII$NTT-r1) . . • 

C cALcut_ArF 1,-.E MULE FRACTIMS ON F..AC tRAY 
- . . - - . 

(X) 55 J=20•ITT 

DO 51 I=3.0IC 
. . . IF(J-:(F) 51.51152 . . . . . . . . . 

52 NN.•=t4TT+1 
. _ .51 SUM=SUM + RAT ( I 1.1) T 1,101) _ . _ ____ • . • 

DO 55 1=101C • 

------- ..-5.5._RAT(IsJ)FRATUIJMAI(I,NN)/SUM 

DO 56 
-. • RAT(If7T+1)=RATII.NTT+1)/0DO 

56 nhT(1.1).2.ATII..1)/(F-)DD —5) 
• K=0 . . . . . . 

NN=NTT+1 
• 

DO 59 I=1.4C 
' _59 BOD(I)=RAT(IIJ) 

IF(J-NF) 7608,86 
. 78 IF 79•58979. . _ . _  

79 K=1 

66 K=0 
_58 CALL BUI.1!..a. ( A .BsC.I.L.). E,80. T(J) INICaK) 

DO 96 J=2 'NI' 
DO 96 I =1 INC - . . . •-• . . - . . 
AK1=AK( AI I ) of3( i)s•C(1),D( I) tE( ) t T(J) 

IFIITH) 62.61,62 
. . .62 IFI/0.35( THCTO )-..000011 64964.63 • . 

63 11H0
601069 

• 
. • •-•• - •• • • • • • • •• 

61 I F (ABS( THETD --1.)-O0001)6666.69 
• ..... _ .66. I T.H=.1. . . _ - — • 

69 CALL DATSW( 10 IDSW) 
• . . . GO .TO (70671) IDS; • • •• • •• • 

70 CALL OUT (NT TOtAL,VV,Tsi:OD!FiNF 0:5•NC•:•TF.A$9,C,C1,1:1RAToXeliNF 

- • ••- • - -3 ,GOL)5,1981.:K.Z.14\!.F.,  ) . . . . _ •• • • 
71 CALL HEAT (RAT .AAL*VV.X*NIT tilFiNS.:NICsODDT 0.)ti, 

—...--.---:_l_GDD,0.O.CC.51HNS). • . . . •• • • ••••• • - •• ••••-• • ••• • 
GO TO 7i- • • 
WRITE(3/107) . . . . • • • 
WR TE ( 31969 ) THE TO .1 THETW. SW. SUM3 
CALL OUT I N r T9AAL..`/Y,T JO) 0' INStf..CsTE, /es( D 'RAT X 0-1;0:  

1 OR api.) s L;riti ,;)cc 
TSM3.= T ( NS -1 ) . • • . . • • • •  
CALL FITITWIT(2),TINFItTINF+1),T5;4r tT (NS) sT (NTT) tRvUDDIF.5 

. • . • .3.*INC,NS,IVF *NTT I•FL I‘:•,:5/0122tALO.VOBe +I V 'AM.) • • . 
• •• • •• •• •• • 

107 FORMAT I /6X, '*4QLUTIOL CONVERGLD*II * ) 

END 



Enthalpy Suhroutint-:1 W.Ii.or.1 the Cnnst;:v.lt 
Com7,osition 

• . 

. . .. . . • .'•-• . . • .. . "• • . . 

_. _ .. ._ .........• ...SUSROUT INC HEAT (XX tAL,V•XtNITeNFrNSINCr'.::00sTF e T f r-•KI:Y•HNI:;CiR5:40'..) 

. 1 sOP•iisOCC.;$ i.H`:!....; I 

_ _ C—_E61.7HALPY. _BALANCE U.S I i):.i...I HE...CONSTAAT..COXPOS I I IUN. METHOD .. ..............._._.. _... ......„._ 

DIMENSION Al( 5),A2 ( 5) eri.I.( 5) ails2 (5 ) tC.1 :51 tC.2 1.5 ) tDI. ( 5) 0)2 (511E1 ( 5 ) 4E2 

-------- •-- 1 (5) •XX( 5,16) rAti. 15) ..V:1 GI !XIS) tii.:‘511X;):51 . . . . . 

. COWI.ON A( 5 I 9B-3 t5 )9C( r.•11D3(5 ) •1..:5 ) TAlstil sCi. s:)1 sEl TA2t132,C..2r02,E2 

......... _ ! C.I.41 **P.FAD IN ENT.IALPY DATA . . . . .. . .. . . . • • - .. • • 
101 t".):2:-IAT ( 5E35., 9 

11 KEY% 1 
 

READ( 2,101 ) (AI.( I ) ri?.2. ( I ) 5(1( I ) )1)1 (I ) .. ..... f'21(I)I , )=1:;:::) 
•• •••• • • 

• •!..:::Al.")(2 ,1101) (A2(I),32( :4'sC2( I: •D2 (I) t E2( ! ) 4 I=1 $iNC) 

. . . 12 ODt•-0.- . ... . . • - 

...... .... . .... . 4DV=10, . . . .... .. ...... _ .. . . ... ..... .... ........__ . _.......... ..... . __ .. ....._ .._. . .._._ . _ . 

K=(—).) 

.._ . DO 10 1=1 /NC . .. . . . .. . .. . .. .. . 

10 XL) I ) --=XX: I cNTT-:•1 ) 

4 NTrNS-1 

' DO 1 1=1,NC ._ .... __. _____._ . ... ..._ .. .. . . ..... ___ ..... . ..._ ... . ....._.. _.. . . —..... _ _ . .—............... 

ODV=ODV1•XX( I •NTT+1)*(A2 ( I )+T(fiTT) 4  (I)2 ( I )+T (NTT )*( c..2(I)+T(NTT)*( D2 ( 

. _ . _...... .. 1 I )1-T (NTT) *E2 ( I ) ) 1 ) ) • 
1 00,10D+XX(IsNTT4-1)*(A1(1)-(T(N11+1)*(B1(1)+T(NTT+1)*(C1(1)+T(NTT+1)*  

.. . __ ._...._ 1(D1(I)+TINTTI-1) 4E1(I)1))) . . . .. . . .. . . .. •. . . 

OD0=00*DDO 

__.... ..................._...._ ODFODV''.V ( NT T )—Al.. (NT T-:•1 ) •xr..'D . _. .. 

OCCr.(00-0D0 )*•001 

2 t:=N-1. 
• . 

... . . . . . . .... . . . 

4 HNVD•als . . 

HPL,20, 

— . . .... .. 00 5 I= I 1.NC. . .. .. . . . . . . . .. . 

0= (A2(I )+TIN)*(B2( I)+T(N)*:C2(I) 4•TUOic.(C2( I )+1'(i4)* 

- --- ---.. ... —1E2( I ) ) 1 ) ) - —.. 

I-INVDri-INVD+XD( I )41.0 

5 HP'..=HPLI.XX(Ii%+.3)*(AIII)+TIN+11*(111(I)+T(N+1)*(C1(I) 44 (:+1)*(:i(1) 
% 1+L(N+1)*E1(I))))) . .. . .. ... . ....... . ___ . .. . .. ... ... .. .. . .... . .. .... 



. • . . . 
• - ' . 

. . . . . . 

. .. . .. . . . . ... . . 
AL ( !I +1 ) = (0)-1).."•*!INVD1/ (1-11Y—r111L ) • • 

. V (11)=AL (:;.+1 ) +GB • ..._ ____ ..._ ._... ._. ..... _. .. .._ _.... ____ ___ ____ ..... ........ _ ... _. .: 
.. GO TO 2 . . 

........... 3 1F ( r. ) 17 f 2317 . . .. . .. . . .. ... . . . . . . .. 
17 (“Am'ii: . . 

. .. . . .. _. .. . . 
K=0 
1-1NFn-00 
00 16 1=1 st1C 
XD( I ) = ( XX ( 1 INTT+1 )*DDD+S*XX ( 1 r:1S ) 1 /0,:1 . 

16 14N:F=tiNF+XX ( 1 PMS)*( Al ( T ) +T ( NS )* ( F.4 1. ( 1)1-T (NS ) * ( Cl ( 1)+7(145) 41. 0 01( I I+ 
.. .._ ..._ . .. 1T ( NS)*E 1 ( I) ) ) ) ) .. . . . . ... . ..... . 
. HN F =ft.!).  * S 

OD=OD-HINI  
1=N+1 .1\ . .. _____ . .... ..... . .. .... .. ....._ ._ . .... _______ ........._ ............ . ...__.. ....... ..... . .. . _ . . 
GO TO 2 

.23 N7 =1 . ....... ... . 
01.1=DB—F 
K=1 
HNF=0. 

._ 1=1INC DO 6  ._ ................... ..... . ... _.. . ._ . .... .. . _ . . . .... .. _ .... .._. .. _ - - 
XD( I I-7( XX ( 1 s•NTT+1)*D—F*X ( fl  +.-,**XX (1 'NS )1/D13 

. . 
. . .... .. ... 6 1-1.;•:F=11:417+X ( 1 )*( Al (1)+TF*Ifil ( i )+TF '•: ( Cl ( 1 )+TF* W1 ( 1 )+TF*E1 ( 1 ) )1 ) ) . . . 

GO TO 2 . ...... ... . . . . . . . . 
• 7 013f3=0.0  

• . .. _ . . ...... .... 
V1=0•0 

__.... --...._...__DO 69 1 =104C ._ ... _ ___ ___ _ .- 
OBP.=- OBB+XX( Itl )*( Al ( 1 )+T ( 1 )*(Dl (1 )+T ( 1)*(C1 ( 1 )+T ( 1)*(i)1 ( 1 ) +T ( 1 /*El 

. .. . . . . ... . . . 
AL2=A.L2+XX( 112)*(Al ( 1 )+T (2)*(B1 ( I)+T (2)*(C1 ( 1 )+T (2) 41 (01( I)+T(2)*E1 

.- -- ... 2 ( 11) ) ) ) ....... . ... . . .  . . ... . 
AK=A( I)+T ( 1 )* (I33 ( 1 )+T ( 1)*( C ( 1 )+T (1 )*(03 ( 1 ) + T ( 1 )*E( 1 ) ) ) ) 

69 V1=V.1+1.X (.191 ) 4AK*(.A2( 1).11- T (1 ) * (1712 ( 1 )+T (1 ) *( C? ( I ) -tT (1 /*ID/ ( I )+T (1).1E .._._.. 
22( 1) )1) )  

.. 1-1?-1S=IiNS*. 001 ... ........ . . ...._ .. ...... .... ._ .... . ._ .- _. 
. ODD=000*-0 .301 . 

• • 11N17,,  -:!'11:*:, .301    ...._ ' ......    ____ . . .. . . . . .. . .. ... . ... . _ .... ._ 
01.1B=GP,B* s 00 •.* ( F-00D-5) 
OP.= ( V1* V (1 ) —4'...2*AL ( 2 H *0.001+055 ............ _ _ ... ... . .... _ ...._ . _ .. ___ __ ... ..... 
kElL:RN 

. .' • • — - ' . 
. 

. . . . - 
. i 

• . ' . 
. . 

. ' • . . 
. 

.. ' t .. . , . . ..s 
• . . . . . 

. ' . . . .. • . 
• . 

. . i. . 
. . 

. • .. • . . . 
• . 



Outnut flri.3:`3701.1 
a or ous i e. C (.1 t"? 37c) or  

. . 

• • 

• • 

• • 
. 

• . • 
• • • • . 

• • 
• • 

5USROUTINE OUT INTTottl.tVeTTeD0NFsNFlNSWCoTF&Atfil9Cr0sEtXX$XtHNFt  
10F4n0DiO06.GCC9HNS) 

• • ALI 16)0VI16),TT(16)cAt5/s0(5)1C(511.0(5icE(5)XX(5061:XI 
15) 

• • WRITE(3.100) 
• 100 FORMATI1H1s-4XcITOWER PROFILE 1 /5WSTAGE NO. TEMPF°"URE LIO 

.1UID RATE VAPOR RATE'/21XI(0EG F)'967'IMOLES/Mk)'!+Xo'IMOLCS/ . . 
2M7I)) 

_101_ FORMAT SY. 13 s9X e F9.4 ve•XsF9.4 •%6•X “:90z0 . _ 
105 FORMATI10X9'STAGE NO* .40:/5X,ILIOUIC MOLE FRAC0,2Xect/APOR f1 

101-E FRACO) . • 
.106 FORMAT(8X,F10t8.:6X0F1028) 

• ___ 107 FORMATI4X0DiSTILLATE'c10X9 I FEE0.1,/#4X0MOLE FRAC.1 910X0MOLE FRAC 
le') 

.108. FORMATISX,F10.8t6XtFlOpt,) 
DO 1 Iml,NTT 

.1 WRITEI:“101) TO'T(I)tAL(11)V(I).. _ .. . _ _ . • • . 
0=AL(UTT+1)+DDD 

. _ • • • • • .• . 
WRITEI::).102S TT(N7T+1),090009R 

102 FO:IMATt5X000NDENSER '9F904F6XtF9s4/21X:IDISTILLATE M. 
14/21Xo'REFLOX = ',F9c4/) 
WRITE(30103) NFsTF 

105 FORMAT(2XOSTAGE 1 IS THE REBOILER',5X0FEE0 STAGE 1. .5 1 sI3i42X0rEE 
____ .10 TEM!'4, (DEGF) IS"cF8.2.////) • • 

WR1TF(3$104) 
-_—___104_FORMATI4X0MATERIAL.BALANCE'). 

DO 2 ..1:411,NTT 
WRITEI3s105) J _  
DO 2 I=latiC 

• AKmA(I)+TT(J)*(B(1)+TTIJ)*(01)+TI(J;*IVII)+TTI.1)*E(I)))) 
5 Y.XXI/t.n*AK 

XX(1,../),Y 
2 CONTINUE • 

. _ _ _ WRITE(31107)  
DO 3 I.1,NC 

,3_WRITE(391OC) XXII9NTT+1)9X(/) . _ 
OIN.HNF+OR 

. . . . _ 
WRITE(31,109) HNF1,000tORIOBBrOCCIHNSOINt000 

.............109 FORMAT(/i0WHEAT BALANCE'/21Xt'IMM bTU/HR)',16X.,'(MM 5TU/HR)*/5X 
10FEED ENTHALPY = "9F6.3f5X0015711..LArE = 1 ,F6u3/5X. 

• _ _ ____2 IREBOILER 'oi- 6o5c5X0BOTTOMS r 'oF6o 3 / 35X000NDE 

3:::R 

'eF6.3/35XOSIDE STEAM "*F643 • 
_4 . /13X, TOTAL. t• IF6e3,10X TOTAL ) 

RETURN • 
•• . . . . . _ 

• 
. . . . . _ . . . . . . . . . 

.•, . 
• • • 

• 
. . - 



.Subroutine Calculnte the Fraction:3 for the . . 
Force -Fit Thiele-c]ed()Pc Matho6 _        

. . • 
sue.Roo DIE FI T11T2 4IF TFP19 SS1NCI!i$ 910' 914T T . . 

• 1FL109 .4009ALD,VO:j4 VV,AAL.) 
...0 _1.0/ff/72 

DI ME:NS WOO ( 5 ) I ALD( 3 ) 1V0i3( 5) 9 VV( 16 )•AAL (16 ) 
.COMY.0% A(5) t3 (5)•C(5) ID(5) % _ . . . . . . . . 
NIL. = DOD 

_ (392e1) . . . . . . ......... 
WR I E(391972) TF ITS, IIP11 TSMI tAA'_(NF+1 ) tAAL(N.S-1) 

(  NS-1 ) s V V ( NF+.1) • 

ISM). ...TS 
pi.TF . . . . . . . . . . 

wi; TE. -3 .1972 TFITS•TFP1tTS(41tAA1.(XF•1•1),AAI.INS-1.) 
\RI( N5-1 ) ,VVN'F+l)  . . •. . . . 

201 roATc111,3x, 1FocE FIT FRACT IONS' 1///5X. t TOP SECT IC/1 OF T' CJLU 

ALVR*DOD/VL 
..I.N=NTT—%!E9+1 _ . _  . . • 

00 ] 119NC 
AMA= . (AC Il+TN*(13( I ]-I- T%ek IC(C(!}÷IN*1J( I 1+TE CL) ] I) • ....- 
AMA.AP.L(NTT)/(VVPITTIiiAv.A) 

(A(1)+T.5(11(I).T5•x•Icl.;ItTS!•li.II: 4•TS“::(1)11): 
• AMI=(AAL(N5) )/(VVINS)*A'-'1) 

WR ITE 31103) A"A s Amj . . . _ • - - • •• • ••• 
103 FOR:-)ATI6A, 1 v1AX. ABSORPTION FACIOR.1 9E15.69/(,X9 1:414. AHSuNPTI.., FA 

1CTON' sE15.8 I . . . . . . • • • • • • • 
AM1=Av.A-kALVI-rVV(NITT)/AALINTT) 

• AM2=Am I •:,?..',..Vi*VV ( NS / ( AAL( ) 
• • • - • •• • •-•-- • 

WRITE(39104) A19A2 
_FC,)PMAT (3X, !ABSO;iPT ION FACTORS BASED 0 • CONSTANT MOLAt. Os./ERFL..:4 s 

1/6Xt '!-IAX•=',E15.8s/6XsiMIN,, ItE15•!1.) 
„ ( AMA+ANII • 5 . . . . .  

Al =AA 
AAr- ( AA*41- ( (1(1+1 )—AA I .(AA—). •  )+R.*AAif •114-iN • 

• AA=AA•k5/ (REI)D0) 
WR ITL (31101 ) AA, WO:.:( I) . . • • • • • • • • •• • • • 

101 EORt•tAT( 2( 6):9E15•R ) I 
. . . • • ••••••• • • • • 

3 IFIAA —WCDII)) 4,4,5 
1=Al. • 

GO TO 10 
. . 

_. .5. AMA=A1 . . . . . . . . ........ . . . . . . 
GO TO 10 

.. - . 2 ( Al—A.A2 / AM3.—AM2 .FRAC • • • • . 
WRITE ( :It 1)2 ) I • FRAC Al 

/ /6 X.9.s. COMP,. =. 9159. ...../10X9.1 FRA:=!9,E15.9B 
19/ 13X , AVE, AllSORPT ION FACTOR:1' sE15•8) 

. . . 

•-• •-• - • -••• —•—•— • ••••• - • • • . . . . . . 



. • 

TrITr.s1FP1tT:3:41tAALINF411tAALINS-.11 

C Si T1R LECTION 

(R4ODU—S)/V1- . .  

21 1=101C , . . - . .—— • . . . 

A‘il= AAL(NG-1-1)/(VV(1i?41) 
..... 11A(1),Tg:G1*(13(1)4-IFP1*(C(1)4TF°1'11DA1/1-TFPI*EAI))))))---..—___._._--- — 

A‘IA.AAL(NS-1)/(VV(NS-1)4  

..jfA(1)+15.11*(S(I)47:'11*(C(1)+TS".1"(0(I)+TSAI*C(1)))))) . 
. _ . . 

wRITE(3,1972) U t TSTTFP105;41tAAL(N1- +I)tAALIN5 —11 

. 1tVV(N5-1),VV(NF+1) . _ . . . —•. 

1972 FOIV4AT(6AtE15.A) 

• _WPITE(3,1D3LAW1sAMI . . — 
AM2=AMI*ALV1IINV(W:+1)/AAL(N17+1) 

ANI1=AMAALVI*VV(NS-11/AAL(15-11 
WRITE(301)4) A"itAM2 

30 • AWAI-A:'1)4: 8 5 _ _ . 
A1=AA 
AA.:A A*4'. ( NN•••3„)* ../QD (.1 ) /S••••.$0D( I..) ) _ . . _ . . — 

1 1 • +71OD ( 1 ) ) * ( AA** Nis.—AA) / ( AA-1 • ) 

1TE(3 t101 ) AAtALOI 1 ) . . . . . 

1F(ABS(AA....ALD(1))iAA—.00001 ) 22,22123 
23.1FiAA—ALD(1)1_26;24s25 

24 AP1 1=A1 

_ GO TO 30 _  

25 AMA=AI 
GO TO 30 . . • - - • - • •---• - -• - -• -- • --- • •••• 

• 22 FRAC;-(A)—*!2)/(Aml—av21 
. . 'ARIT:1(3t)02; • F 

21 CO.11NUE 
_ 

200 F0'2%.AT(1.!1$6,!OBOT10m SECTIQNLF COLUmNty 
V1-c-V1--Ft(),• —FLI%)) .  
A(V1=V.—/IRDDD 4-174FLI(,:— S) 
DO 41 1rltC . . 

• AMA= (Al I ) •.-T2*(13( I )•rT2*(C11)+T2*(D( I )+T2*E( ) ) I ) 

__.../AVVA 2 ) /AALI ) 
A1:-.(As.1)+TF*(61I;+TF*(C(I)+TF*(D(1)+TF4E(1)111) 

_ . ...1*VV(XF)/AAL(,F) 
WRITE(3,105) A"AtAvI 

_ . 105 FOR:4AT(6Xt"e.AX* S)RI°PING FACTORretE15.8146As'!4IN. STRIPPING FACTO 

1R=Iti=15.6) 
A411=AmA>AAL(21*ALVI/VV(2) 
AM2=A".11*AAL(NF)*ALV1/VV(4E) 
VRITE(3t106) A"1'AM2 

106 FORmAT(3Xt'STRIPPING FACTOS BASED UN C0.4STANT le.OLAL UVERFLOSit 
. lihY.t...110..=',R.15.6t/COWM1.'4•.,, ',E15•B) • 

50 AA=(AmA-1-AmI)*.5 
_L.._ Al 

AA=IAA**AF—AA)/(AA-1.1+AAlt*(W-11*EAII)+Ti*(8(1)-1- T1*(C(1)+11*(vt1) 

. 1+Ti*E(1)11))*VL/(F —UDD —5) 
WRITE(3,101) AAtV03(11 

. IF(AUS(AA —V09(1))/AA —.00001)42142,43 . . 

43 IF(AA—VONII)) 44,44,45 
--___ A.:".A=A1 

GO TO 50 
. .44 AMI=A1 

GU 10 50 • 

.42 FRAC=CA1—AM21/(AMI—Av2) 
WRITF(3.102) Is FRAC.A1  

 

_ .41 CONTINUE • - - - 
RETURN 

- . . _ 

• EVO 



` . 

8o~zoa~~~e CpIcoIatcs 1-3ith.ez Dcw or  
Doints ns1ng thp {7~ptOu ~~tbc~ 
' 

-SuBRo:T/y[ Ro3'3« (^,69c,o^s,x"T^nvJ) ~ - 
*vazOq A ( 5 3<5>^{(} 5),E 5>,x~5~ 

~'~o J ~=l"w  --- - 
^s{=x(I)+5(1)«T+[t! l|*r^'-*T+cAz)^r*r'7*r 

- -_ ---AxoC=B(>)+z^*C<1>v1^~.°~'~~«T*T~^,*[~|/°T~T*T  
IF 1^2.z ~ 

_ 2 x i>'xnC +aux 
Snu ,  x(l c  

I Sow=au'+x<~//~~~ 
rA(,pC/A'~C'*Z ~ - 

. 9 { 11No~ 
co;rlVoc: _ -------- '-' ~---- '------- - - -- 

. Ip(xos(a/*-,.-l°)-"oonool) 89-7.7 
' 7T =! -(sox-!^)/su'll  

~ IF(71-101.) 219210 
- _ 21-T=101^ -- -__ .  

Go TO e 
cow?JmuE.'' ------'----'-----'~ —'— ~ ~''-' '- --'-  '~'' 
esTunw 

' 



• • • 

Program fcr Both 1:he St:Ind-Moilc. Fimpliacd 
Thiele-Gedfies Hc.:thoti and the Vorce-Fit 
• Thiele-Godcles ) J oc 

• • 
N. 

• 

• • 
• • 

C SI"PLIr:LD THIELE G!.))LS nsocFouRE 

• —_0)24ENE30.•i.A(5)13I;e0 Y. t C(5) 1 ;5),E(5)t ,;(5),,..(5) ,X.!(5) ,L* ( 5)tbSI5) ,  

1W5(5),ALO( 5) sv0tf.1 5)sV') 5,, FRACI(5):..:RAC2(5),FNAC3(5) 

_AK (AAt63gCC,00tEF/TT) =AA.4.TTA(B6+TT ::=(CC+TT I. TwEr.E))) 
7O 

(-11:ADI2v100) 
. . READ( 2' 101) IA(.1 ) s ; . . . . . _ 

READ( 2 ).01) (lit I ) .1 

READI 2t2O).) CO(!) t :=10C) 

_....READ(2r101) (EI sl =1:NCI _ . 

REA1)( 2 s ) (X(1) I=19NC) 

READ( 2s 102 ) FsiDDsRsSIFLMr TN: Ti HAN'. 

1112ITE(3t2C5) 

ATF:=0,1 

• AL V) =-ii*nD/VL 

VL=,11.--F,c11•-FLIO: 
ri)D0+.E.*F — - 

.69 ANN= NS 
.• ANN:: T I-T ) /ANN . 

TFP1nTE-,, AN 

• TSM3.= .1.51-A 
• 

C CALCULATE (L/D) NS 
N N NJ T.-N.E. 

. - 

ANN= WI 
tir2 I T E.(3,700 ) Tit T2 t•TFtTI:Pit TS:11 sTSITN . _ . . • • _ . . 

IF(S) 12013.12 
TS=TE 
NS=NF-1.1 

30 READ(2 '1.03) (FRACil I I tFRAC2 t sE(2AC3( 1)11=101C) 

WRITE(3a206) (FRAC1.( sFRAC2( ) FRAC3 I J $1 =IOC) . ....... • .__:._... 

IFF=-1 • 

GO TO. - 

39 DO 3. I= 'NC 
AK..1. AK ( I ) s5( 1)tCI IN I t.E.( I ) s - 

AK2=AK kIfkr Bt 11 I CI 1) 0(1. ) itEi I ) t TS) 
• 

. PR07=ALV1/M2 • --- . . . • 



• 
• ' " .• . . • . . . . . . . . 

WOD(3)=PROD 
. 

 

AK2=ALV1/AK2 

. _. . - ______DO 2 J=1.NN - . - - . -- . . - - ....... ' . _. _ . - 
AN=J 
PROD=PROD*(A<2.+AIMPAN) . . . . . . . 

2 WODII)=WODI1/4-PROO 
. --------- 1. WODI I i•=7:0i)( I ) -1•PROD4',N 

C CALCULATE (;./D F,-1 

ii- 15,16.15 . . _ _ . .. _._ . _. . . ._ _ . 

16 DO it l=1,(•iC 
ALD(Iir4ODI I) - - .-- - . - ._  

14 WOO(I)=D• 

• 15 N1'I=N5-^NF--2 
ANN=NN ------------ -. . . . _____. _.. ________ --__.-. __ . ___. .. . _. .... 
DO 3 I=1sNC 
AK1=AKIACI)0(I).C(1).DII/IE(1).76M1) . _ . -.. . ..... - ... ._. 
AK2=AKCA(1),B(I),C(1).0(I).E(I).TFP1) 

. ALD(I)=PROD . 

AK2=ALV2/AK2 . 
• DO 4 J=1. NN .. .... -.... ._. _-..... --- -- -. . . . -- . ....... .-- 

. . AN=J -. 
PRO ,.., KICDit(AK24AIN*A) ---- .------ ------- 

--- ..- --- 
4 ALD(:)=AL)(I)+P'ZOD  

____________ AINII)';-:1(0.4'D.:D: _ _. ......... ___ . _. .. _. . . . _ 
WODf1)=.e:OO(I) -Al .: 

.. .. . _ .. _ALD( i I •=1):20Dif WOO: I ) -AIN /4 ( I e.4•A!N)*ALDt n . .. . . . . . . . . .. ... 
"A WOD(Ii=AIN 

_ _ ._...C__CALCULATE.IV/b)F . . 
17 NN=NF*2 • 

. • ANNnNN -.-.-.. . . . . . .. . . .. . . . . . . . .- 

DO 5 J=1,Nr . 

• AK1=A1:.( A(i).B(I)tCIII,D(I)TEMITF) . .. . . .. •_. . . . . __ 
AK.2=AKI A(I),6(I),CII10II/9E(I).T2I 

VOR(I)=PROD 
9. . 

• .AIN=AVL3*:AK2•-AK1)/ANN • _. .. -- • --- _ _ • - 

. . AK1=AVL3*A<1  
DO 6 j=1.14.4 -. ..... -.- --_.-- - -------. - ..-- - .. . -.. 

• AN=J • 

t PROD=PRODlIAK14ANAZN). --- _.- .-.-- .- - 
6 VOLit I 1=VOB I I 1 +PP.:,-.0 . 
.AK1=f0:.(A(1),BIII,C(I),D(1),E(I)P71) • • .. - 

• 5 VOC%(1)=V03(1)4PROD *AK1*VL/(F^DDD^S) 
. . . - - • - - -- •• • - • • • •• --• 

.0 FOP. CE ::: I T . 
- —31. tIN =NIT.r.riS±.1.. • -- .. .--. -. ---- — 

. DO 33 I=1.NC 
------______ AK).=AK( M 1 ) IBM sCl I )1D(1) •E( I )*TN/ . ......... ______ . .. ....- . ._.. .. . . ... 

AK2=AK(AII)se(I).C(1),D(I),E(:),T5)  
--- - AK1=ALV1/AK2+FRAC1(I)*ALV1*(1./AKI*I•/AK2) • 

410D(I)=1AK.1**(NN+1)".AKIMAK11.)".. AKI**AN • 
--------_--3.a_VOD(1)..=WODII/IR14 ODDI __ - . __. _. ...____------. -__ .--_ ._ -.... 

DO 36 I=1.NC 
-- -_________AK1=AK(AM,B(I)IICIr/.D(I),E(I).T6i . .. . . .-. 



• • • . • 

• • 
hif.2mAKIA(1305(1)iCtIi.D(1),E(1),TF) 

1=ALV2/Ar:2+FM.C2(1)4'ALV2*(1./AKI-:,/A:A2)  

34 ALD1 11=AK1(NS-N'-1) •g(:;00(Ilf-R*D0::/5-ri00(1)) 

+11r+WOD(;))4(iAKIkl,(NS -N7.)--AN.1)/(A!SI "'le)) 

NN=t4: -1 
DO 35 1=1,NC .  

AK1=AK(A(1)56(II,C(1),D(I),E(:),T1) 

/X2=AK(A(I)19(11,C(i)0(1),EtlIsT2) 

. . .A5...3=AK(A(11,5(i),C(I),D(1),E(i)*TF) .  

Ar,2=AK3*AVL.3+AVL?'"PRAC3(1)*(Ava-Ac3) 
35 VOE1 I 11 .= ( AK2'4•=Nir-AK2 / ( Ar,.2.- 1 a.) +Ar.l*A4.2**W1 _ ______ . . . . 

C F0RCv FRACTION ENO 

iHETW=1, 

WCAL=0. 
LCAL=C. 
DO 7 I=1INC 

 _BOD=J AL ( .1.1+(LI ) r •r• X t ) ( 4..+.WOD_Iin 1.- 

1 /1\108(I)4XV(1)/(F*XiI))) 

0S(I)=F*X(I)/t14+B0D',.-:0D(1)) . 

V.'S( ) =WO) ( I HI DS ) 1•••: 
BS(1)=F*X(1)-.DS(11-V-Stir 
DCAL=DS(1),-DC.V. • 

BCA'-=BS(1144.!Cl‘'. . . •__ . 

7 WCAL=WS(!)+WCAL 
If- (1JK) 41,42,41 _ _ .. . . . . _ . . . 

42 iF(S) 43,41,43 
• 43 THETW=S/WCAL • • • . _ . •• • _ • 

IJK=1 

41 DO 8 1=1,NC 

RS(I)=135(1)/SCAL 
• • 

J=1 
WRITE(.1,203)..DCAL.,SCAL,VCAL 
TNAnTN • 
T1A=T1 . . . . _ 

TSA=TS 

• 
TXT=TN 
CALL SUBBA(A,D,C,D,E,DSON .,NC,J).. 

• 
. " • • • • • 

CALL i.WiS3A(Ai0,C,DsEtriSIT1,NC,J) 
• • 

IF(S) 18,19sie 
CALI- BUBRA ( At•C D E :WS TS :NC • J.3.. 

C GET L2 AND CALCULATE 12 
15•AL22=6CAL4VL 

DO 10 1=1,NC 
AK1=AK(A(1),B(1),C(I)tD(1),E(11,T1) • • 

10 WOD(I)=(AK1*FIS(1)*VL--6CAL4t6S(1))/AL22 

CALL BUi3.1.3A 1A,B,CoDtE.,WOOtT2,NC:J) • 
IF(ABStT.0\.-TN)/T%-.0005 I 71,71,69 

73 IF(ABS(T1A-T1)/T1-0005 E 72,72,69 



• . . 

• 72 IF(ABS(T3A—TS)/TS..0005 ) 77.s73t69 
73 IF(A)SiTA—T2)/T2—.0005 )74s":1.69 _ _ ..... 
74 IF(AF.)SIi%n+DCALI/DCAL+ .0005) 68s68,22 
68 WRITE(3,206) _ . _ 

WRITE(36(,9) THETW 
WRITE(3.2C1) . . _ . . 
DO 9 1=1,NC 

/1,55(.1)4.D.SIDT.WSLII_ 
GO TO 76 

_22 IF(AT7) 26025,26 -------. .  
25 IFIDDD —DCAL) 81,82c82 

ADD=OCAL 
--I- —7. IF=TF —2. 

GO TO 69 
_ 

ADO=DCAL 
TF=TF+2. .... . . . . 
GO TO 69 

26 ANN=TF 
TF=(ATF.-TF)/(ADD+DCAL)CODO—DCAL)+TF 

• . . 
ADD=DCAL 
CO TO 69 . . • .  

100 FORTI6I5) 
..101 FOAT(5'a15.9) 
102 FORNAT(8F10.0) 
103 FORq.AT(3F10.0) . _ 
201 FORMAT(3WB0TTOMS COM2O.SITION't6MDISTILLATE COMPOSITION's 6X,'SI 

_ 1DE STRFA'A. COvPOSITION') 
203 FORMAT(/6WDISTILLATE= 1 sF10.6./6X0BOTTOMS=1 ,FIC.4,, 

-------_ __346Xs*.SIDE STREAM= 1 .F10.4) . . . _ . _- 
202 FORMATI20X,13tE14.7,1X1E14.71.1A,E14.7) 

FORMAT(/'****FINISE)'Ths) . . 
205 FORMAT ( 1H1 s6X. ,,••Ii-01-1•:ZIE I ED THIELE GED0E0 PROGPAM•ic-*•01 s///) 
206 FORMAT ( 6X0***FRACTION INrUT U5E0***', 

1 ///t8X,IFOLLOWING FRACTIONS HAVE BEEN INPUTIF.Dit/2Xp3(6X5E1.5.8)) 
FORMAT( . 12As'INPUT SDECIFI(ATIOXS'I/3X.Ix*NOTE TRAY i IS THE R 
lEHOJLER4**.t/6XONI.P8ER OF COMPONENTS='. 10X.13./6X0W-)M6EX OF Ti4. 

. 2AYS (INCLUDING THE REROILER) SEA! PLATE NUABER 
• 3=1 ,8X ,I3s/6X.IFEED MAY NU,JBER=4,e)(3 13) 

.......___.700 FONmAT(6)4,'Tl="sE15.8s/6X0T2=',E15.8./6XOTF=',E.15.8,46X, 
l'TFP1=1 1E15.8./6WTSMI=IsE15.8s/6X,ITS=',E15.8146XIITN:,',E15.3) 
FORAT..(6)(1 1 THETW=',E15.8).. . — 
END 



APPENDIX B 



Irlput for the il?P;.1 n;. (Case 3) the 
Ricorous Thiole-a.16aes Prouralq 

Equiliprium and enthc3py dat,:., arc- fitted to a poly- 

nomial of the following form: 

K, . = A. + Bit + Cit
2 + Dit3 + 

t4 
t,1 1 

ti = 1 ii A. + Bit + Ci
t2 + Dt-1 + Eit

4 
r  

ht i = A. + Bit + C t
2 + Dit

3 + Eit
4 

1 

where: A, B r  C, D, E, arc inputed coefficient:7 for 
component i and t is the tempn:.-aturo in de,:freea 
fahrenheit 

• 
Ht,i = vapor enthalpy at temerature t for component i 

ht,i = liquid enthFapy at temperature t for component i 

Kt,i = equilibrium constant at temperature t for component i 

Card #1 

Columns Inserted. Value 

1 - 5 Number of Components 5 

6 - 10 Total Number of stages 10 
including the reboiler 

11 - 15 *Number of Sidestrcam draw- 8 
off stage 

16 - 20 *Number of feed stage 5 

*Stage 1 is the reboiler 



Card ?,12 Coofficient equilibrium cons-hcynt for comDonc-rt 
number one 

ColumrL, Inserted VaYuc 

1 - 15 0.2851993E 00 

36 - 30 0.8227992E-02 

31 - 45 0.37041988E-04 

4G - 60 -0.63860008E-04 

61 - 75 0.71090994E-10 

Card 43 

Co3umns Inserted Va3ue 

1 - 35 0.27804995 00 

16 - 3C -0.11902999E-02 

31 - 45 0. 62290937E-04 
• 

46 - 60 -0.12023997E-06 

61 - 75 040241999E-09 

Card 44 

Columns Inserted Value - — - - - - - - 

1 - 15 0.22200996E 00 

16 - 30 -0.18502998E-02 

31 - 45 0.54022996E-04 

4G - GO -0.81239989E--07 

61 - 75 0.53332991E-10 

Card 45 

Columns Inserted Value 

1 - 15 0.15309995E 00 

16 - 30 -0.22649998E-02 



inseyte 

31 - 45 0.2181:3909F-04 

46 - GO -0.207099977'.;-07 

61 - 75 -0.40599999E-12 

Card 

Columns Inserted Value 

1 - 15 0.16042995E 00 

16 - 30 -0.26387000E-02 

31 - 45 0.28703987E-04 

46 - 60 -0.88699998E-08 

61 - 75 -0.14969997E-10 

There would be additional cards for additional components. 

Card 47  
Inserted 

Columns Value 

1 - 10 Mole fraction of component 1 in the feed .05 

11 - 20 Mole fraction of component 2 in the feed. .15 

21 - 30 Mole fraction. of component 3 in the feed .25 

31 - 40 Mole fraction of component 4 in the feed .20 

41 - 50 Mole fraction of component 5 in the feed .35 

There would be additional numbers for more components. 

Card #8 
Inserted 

Columns Value  

1 - 10 Initial assumed temperatures for stage 1 -220. 

11 - 20 Initial assumed temperatures for stage 2 210. 



Columns Value . _  

21 - 30 Initial assumed tomrrature& for stage 3 200. 

31 - 40 Initial assumed tenreraturs for stacTe 4 190. 

41 - 50 Initial assumcji te;lipn:ratu,-os for stage 5 180. 

51 - 60 Initial assumed temperatures for stage 6 170. 

61 - 70 initial assume  0. teroeratures for stage 7 160. 

71 - 80 Initial assumed temperatures for stage 8 1.50. 

Ca=_ rd V) ____-' 
Inserted 

Columns Value 

1 - 10 Initial assumed temperatures for stage 9 145. 

11 - 20 Initial assumed temperatures for stage 10 140. 

There would be additional numbers for more stages, 

Card #10 Coefficient for liquid enthalpy for component _ _ _ _ 
number one 

Columns . Inserted Value 

1 - 15 0.44835997E 01 

16 - 30 0.2688299E-01  

31 - 45 0.64745000E-05  

46 - 60 0.32505998E-07 

61 - 76 -0.52679992-10 

Card #11 Coefficient for liquid enthalpy for component ____ ________ 
number two 

• 
Columns Inserted Value 

1 - 15 0.52091999E 01. 

16 - 30 0,40495999E-01 



Column:3 In,3erti2d 

31 - 45 -0.570409nr-04 

46 - 60 0.2579994E-06 

61 - 75 -0.32641981;-09 

Card 412 Coefficient fox liquid enthalpy for corponent 
number three 

Columns Inscrted 

1 - 15 0.64442997T, 01 

16 - 30 0.14100999E-01' 

3] - 45 0.16052999E-03 

46 - 60 -0.495569962-0C 

61 - 75 0.615589802-09 

Card 413 Coefficient for enthalpy for component 
number four 

Columns Inserted Value . _ . _   

1 - 15 0.67343998F 01 

16 - 30 0.43812998E-01 

31 - 45 -0.22595996E-04 

46 - 60 0.13574999E-06 

61 - 75 -0.169389992-09 

Card fi14 Coefficient for liquid enthalpv for component 
number five 

Columns Inserted Value 

1 - 15 0.83587999E 01 

16 - 30 0. 80696973E-02 

31 - 45 0.26773987E-03 



C:010M: 

46 - GO -0.26508'100E-0G 

61 - 75 0.10789992E-08 

Marc,  would be additional earch, :r_or addjtional components. 

Card i115 Coefficients for vapor 2-nthalpy for component _ __. 
number one 

Columnr tee V a ue 

1 - 15 0.13575000E 02 

15 - 30 -0.270569981:-01 

31 - 45 0.37013995E-03 

46 - 60 -0.12388991E-05 

61 -- 75 0.15431998E-08 

Card 416 Coefficient for vapor enthalpy for component . . 
nulnber two 

Columns Inserted Value 

1 - 15 0.15278999E 02 

16 - 30 -0.60739964E-02 

31 - 45 0.23645999E-03 

46 - 60 -0.75789995E-06 

61 - 75 0.94283981E-09 

Card 117 Coefficients for vapor enthalpy for component 
number throe 

Columns Inserted Value 

1 - 15 0.13910999E 02 

16 - 30 0.46811998E-01 

3]. - 45 -0.19588000E-03 

46 - GO 0.74338999n-0G 

G1 - 75 -0.92781982E-09 



Card 18 Coeffints fov vnpor enthalpy for cOM20310r; 
• number four 

Columns Inserted Value 

1 - 15 0.194019961f: 02 

16 - 30 -0.93661994E-02 

31 - 45 0.30484962E-03 

46 - 60 -0.97820975E-06 

61 - 75 0.12168999-08 

Card 419 Coofficicnts for vapor enthalpy for component 
numbnr five. 

Columns Inserted Value . _ .   

1 - 15 0.21092967E 02 

16 - 30 -0.35334997E-01 

31 - 45 0.52449-92E-03 

46 - 60 -0.17495995E-05 

61 - 75 0.21789999E-08 

There would be additional cards for additional components. 
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