
New Jersey Institute of Technology New Jersey Institute of Technology 

Digital Commons @ NJIT Digital Commons @ NJIT 

Theses Electronic Theses and Dissertations 

6-30-1972 

Computer simulation of a Linde "double column" Computer simulation of a Linde "double column" 

John A. Bazan 
New Jersey Institute of Technology 

Follow this and additional works at: https://digitalcommons.njit.edu/theses 

 Part of the Chemical Engineering Commons 

Recommended Citation Recommended Citation 
Bazan, John A., "Computer simulation of a Linde "double column"" (1972). Theses. 2036. 
https://digitalcommons.njit.edu/theses/2036 

This Thesis is brought to you for free and open access by the Electronic Theses and Dissertations at Digital 
Commons @ NJIT. It has been accepted for inclusion in Theses by an authorized administrator of Digital Commons 
@ NJIT. For more information, please contact digitalcommons@njit.edu. 

https://digitalcommons.njit.edu/
https://digitalcommons.njit.edu/theses
https://digitalcommons.njit.edu/etd
https://digitalcommons.njit.edu/theses?utm_source=digitalcommons.njit.edu%2Ftheses%2F2036&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/240?utm_source=digitalcommons.njit.edu%2Ftheses%2F2036&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.njit.edu/theses/2036?utm_source=digitalcommons.njit.edu%2Ftheses%2F2036&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@njit.edu


 
Copyright Warning & Restrictions 

 
 

The copyright law of the United States (Title 17, United 
States Code) governs the making of photocopies or other 

reproductions of copyrighted material. 
 

Under certain conditions specified in the law, libraries and 
archives are authorized to furnish a photocopy or other 

reproduction. One of these specified conditions is that the 
photocopy or reproduction is not to be “used for any 

purpose other than private study, scholarship, or research.” 
If a, user makes a request for, or later uses, a photocopy or 
reproduction for purposes in excess of “fair use” that user 

may be liable for copyright infringement, 
 

This institution reserves the right to refuse to accept a 
copying order if, in its judgment, fulfillment of the order 

would involve violation of copyright law. 
 

Please Note:  The author retains the copyright while the 
New Jersey Institute of Technology reserves the right to 

distribute this thesis or dissertation 
 
 

Printing note: If you do not wish to print this page, then select  
“Pages from: first page # to: last page #”  on the print dialog screen 

 



 

 

 
 

 
 
 
 
 
 
 
 
 
The Van Houten library has removed some of the 
personal information and all signatures from the 
approval page and biographical sketches of theses 
and dissertations in order to protect the identity of 
NJIT graduates and faculty.  
 



ABSTRACT 

LINDE "DOUBLE COLUMN" SIMULATION 
by John A. Bazan 

June, 1972 

The purpose of this thesis is to develop a Fortran 

Computer Program to simulate the operation of a Linde 

"Double Column" for the separation of air into oxygen and 

nitrogen. The model outputs the number of contact stages 

required, the reflux ratio, the heat loads (condenser and 

reboiler, and the five profiles of temperature, pressure, 

vapor flow rate, liquid flow rate, and light component 

composition. From this data, the proposed design can be 

evaluated, and the effect of varying operating conditions 

explored. 
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CHAPTER I 

THEORY BEHIND THE "DOUBLE COLUMN" 

Air separation is an important commercial enterprise 

in today's world. From production as a laboratory 

curiosity in the late nineteenth century, the production 

of oxygen and nitrogen rose in 1966 to 256 and 91 billion 

standard cubic feet respectively.1 Predominant among 

separation techniques employed is fractional distillation 

utilizing the Linde "Double Column" first developed by 

Carl Linde in 1910. Actually consisting of a distillation 

column surmounted by a dual feed reboiled absorber, the 

"Double Column" when combined with a Joule-Thompson cycle 

is essential for the high purity separation of air's bulk 

constituents; oxygen, nitrogen and argon. Therefore, the 

lruitose of this thesis project is to present a mathematical 

model to simulate the operation of the "Double Column" for 

design purposes. To understand how the model works, however, 

it is necessary to describe the evolution of the "Double 

Column" design. For clarity, air will be treated as a binary 

mixture of oxygen and nitrogen in this discussion. 

1. Simpson,C.H., Chemicals from the Atmosphere, New York: 
Doubleday, Inc., 1969, p.136. 
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The first major use for pure oxygen occurred in 1895 

when Henri Louis Le Chatelier demonstrated the oxyacteylene 

flame's cutting and welding abilities. The steel industry, 

which remains today the largest user of oxygen, began with 

the introduction of this essential tool. As the demand 

increased for larger and larger amounts of oxygen, a 

commercially feasible means of supply had to be developed. 

To this end, Carl Linde began operation of his simpliest 

cycle for air separation in 1902. 
2 
 This simple cycle, 

illustrated in-Figure 1, consists of a heat exchanger, 

a stripping column and an expansion valve. Clean,dry, 

carbon dioxide free air is compressed to between 3C and 200 

atmospheres, and introduced into the heat exchanger at 

point B', where it is cooled by the returning cold products 

at A and D. After passing through the sump coil at E, the 

compressed air is expanded isenthalpically in the expansion 

valve, V, to atmospheric pressure. The resulting stream , 

mostly liquid, enters the top of the stripper at point L. 

As the liquid descends it becomes oxygen enriched until it 

is finally evaporated by thermal contact with the compressed 

air in the coil, E. At steady state, pure oxygen is withdrawn 

at A and impure nitrogen, containing approximately seven to 

ten percent oxygen, is withdrawn at D. If both products are 

2. Ruhemann114. 1  The Separation of Gases, Second Edition, 
London: Oxford University Press, 19520).141. 



FIGURE 1 

H = The heat exchanger 

V = The expansion valve 

B',B = Inlet feed air 

= Oxygen product 

D',D = Nitrogen product 

E = Evaporator 



to be gaseous, both product streams return through the 

heat exchanger precodling the incoming air. If, however, 

a liquid oxygen product is desired, only the nitrogen is 

used to cool the feed air. To compensate for the loss of the 

refrigeration provided by the returning liquid oxygen stream, 

the entering air must now be compressed to a higher pressure 

since the incoming air must be cooled to the same temperature 

as when both returning products are used for cooling. It is 

essential that the entering air be dry and free of carbon 

dioxide because at the extremely low temperatures used, the 

water and carbon dioxide will freeze on the cold surfaces in 

the plant, "seriously impairing the efficiency or in extreme 

case causing blockages."3 Removal of carbon dioxide is usually 

achieved by scrubbing with an 8 percent caustic soda solution. 
Water vapor is removed at each compression stage in catchpots 

and removed by adsorption on specially prepared alumina.
4 

In 

the latest air separation plants, two exchangers are used 

whereby the two stream flow paths can be interchanged by means 

of "reversing valves" thus permitting the solid deposits of 

carbon dioxide and water to be purged with the exhaust stream 

as it is heated via indirect heat transfer with the incoming feed. 

3. Din, F. and A. H. Cockett, Low Temperature Techniques  
New York: Interscience Publishers, Inc., 1960, p.161. 

4. Ibid. 



The simple Linde cycle is inefficient because it has 

two essential disadvantages. First, while 99+ percent 

.oxygen can be produced, only 90 to 93 percent nitrogen 

can be obtained. Since nitrogen had no commercial value in 

1902, this particular problem was of little consequence. 

Today, however, large quantities of nitrogen are used for 

"blanketing" purposes, i.e. use as an inert atmosphere, in 

the electronics and other industries. Nitrogen is also 

used extensively in the production of ammonia and fertilizers 

and for its cryogenic characteristics.5 However, in 1902 the 

loss of almost twenty percent of the valuable oxygen with the 

nitrogen prompted an improvement in design. 

To recover the oxygen, the rising nitrogen vapors 

should be contacted with a liquid stream which is richer in 

nitrogen. To this end, the basic stripping column of Figure 1 

must be extended above point I, and a rectifying section 

complete with its associated reflux generating equipment added. 

Theoretically, the tower which is now symmetrical and complete 

should negate both drawbacks of the stripping section of 

Figure 1. Unfortunately, the inhibiting factor in the design 

is the low temperature that would be necessary in the condenser. 

Fractional distillation above room temperature utilizes 

cooling water as the heat sink to provide the reflux stream; 

5. Simpson, C.H., Chemicals from the Atmosphere, New York: 
Doubleday, Inc., 1969, p. 139. 



but in air separation a heat sink colder than ambient-

'pressure boiling nitrogen would be needed, colder than 

-320°F. (140°R.): The Only convenient refrigerating 

fluids available are air and its products oxygen and 

nitrogen. Liquid nitrogen boiling at a reduced pressure 

could be used, but the nitrogen reaches the condenser as 

a vapor and would first have to be condensed. The only 

refrigerant available is the liquid oxygen boiling in the 

reboiler. The boiling point of oxygen is 162°R., and 

nitrogen 139°R. Therefore, the vapor pressure of the oxygen 

would have to be reduced to approximately 90 mm. of mercury 

(1.741 psia) to lower its temperature to 133°R. The oxygen 

at this temperature could easily condense the nitrogen 

boiling at 139°R. Since such a low pressure is difficult to 

maintain, the alternative is to raise the reflux temperature 

by increasing the column pressure to 5 atmospheres. The 

boiling point of nitrogen is now 169°R., above the 162°R. 

of oxygen at one atmosphere. The column,as shown in Figure 2, 

utilizes the oxygen at A" to condense the nitrogen in the 

condenser at D. 



FIGURE 2 

B= Air at 5 atmospheres 

D= Nitrogen at 5 atmospheres 

I= Point where rectifying section was added. 

A= Oxygen at 5 atmospheres 

A"= Oxygen at 1 atmosphere 

C= Bottoms product 



Though the problem of condensing the nitrogen has been 

solved, a column as described in Figure 2 will not produce 

simultaneously both products in the pure state. Assuming 

complete separation of the air into oxygen and nitrogen,6 

and assuming a bubble point feed, an enthalpy concentration 

diagram gives the amount of heat-which must be withdrawn 

from the condenser per mole of nitrogen product as 873 

g-calories per g-mole of N2 produced. Since the product is 

pure nitrogen, one mole of entering air produces 0.79 moles 

of nitrogen product and the condenser duty is therefore 

79 per cent of 873, or 690 g-calories. To absorb this heat 

there exists the latent heat of oxygen at one atmosphere, 

A = 1632 g-calories per g-mole of oxygen. Since every mole 

of entering air produces 0.21 moles of oxygen, the 

refrigerating capacity is therefore twenty-one percent of 

the-latent heat or 343 g-calories. From this heat balance 

it can be shown? that the maximum oxygen purity obtainable, 

assuming a 100 percent nitrogen product, with a column as in 

Figure 2 is 60 percent oxygen. 

To obtain both pure products simultaneously, the impure 

oxygen at A must be further purified before entering the 

6. Ruhemann, M., The Separation of Gases, Second Edition, 
London: Oxford University Press, 1952, p. 156. 

7. Ibid., p. 157. 
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condenser. Referring to Figure 3, a set of plates between 

the condenser-reboiler and A" will purify the impure oxygen 

stream. Pure nitrogen alnd oxygen of 99+ percent purity may 

be simultaneously withdrawn at D and C respectively, however, 

valuable oxygen, at least the equilibrium vapor at point A", 

will be lost at E. Again a refrigerant is needed to provide 

a nitrogen rich stream to absorb the oxygen in the vapor at E. 

If the column is extended at point E, and liquid nitrogen 

withdrawn at D is expanded to one atmosphere pressure in a 

valve, and reintroduced at the top of the column extension, 

it will absorb the oxygen from stream E which is recovered as 

part of stream C. 

The final result (Figure 4) is the Linde "Double Column" 

as evolved by Carl Linde in 1910. The column consists of 

a distillation column operating at 5 atmospheres pressure 

_surmounted by a dual feed reboiled absorber operating at 

one atmosphere. The final cycle is as described by 

Ruhemann:8 

"Compressed air, precooled in a heat exchanger en-
ters the evaporator coil at P, is expanded to 5 
atm. pressure in the valve V and delivered to the 
middle of the lower column at B. Here it is 
separated into pure liquid nitrogen and a liquid 
containing about 38 per cent of oxygen. The 
latter is withdrawn from the lower column at A, 

8. Ruhemann, M., The Separation of Gases, Second Edition, 
London: Oxford University Press, 1952, p.158. 
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expanded to essentially atmospheric pressure 
in the valve V0 and admitted in the middle 
of the upper column at (A"). The liquid nitrogen 
collects in the trough below the condenser, 
whence it is removed at E, expanded to atmospheric 
pressure in the valve VN, and admitted at the 
top of the upper column at E'. Finally gaseous 
oxygen is withdrawn immediately above the 
condenser at C and gaseous nitrogen at D. It 



FIGURE 3 

B = Air at 5 atmospheres 

A"= Oxygen at 1 atmosphere 

D= Nitrogen product from lower column 

C= Oxygen product 

E= Nitrogen product 



FIGURE 4 

A" = Impure oxygen at 1 atmosphere 

B = Air at 5 atmospheres 

C= Pure Oxygen product at 1 atmosphere 

D= Pure Nitrogen product at 1 atmosphere 

Er= liquid nitrogen stream at 5 atmospheres 

E'= absorber "lean oil feed" stream at 1 atmosphere 



CHAPTER II 

APPROACH AND METHODS USED 

IN DEVELOPING THE MODEL 
• 

The purpose of the model is to provide design 

information; such as, the number of theoretical plates, 

temperatures, stream rates and compositional profiles 

for the Linde "Double Column." Since more than 99 percent 

of the air consists of oxygen and nitrogen, it is 

considered to be a binary mixture of these compounds in 

the model. In reality, the approximately 1 percent argon 

in the air does not allow absolutely pure products to be 

produced, but for 99 percent pure oxygen and nitrogen the 

assumption of a binary is adequate. If all the argon is 

collected with the oxygen, the latter cannot exceed 95 

-percent in purity; if it is extracted with the nitrogen 

and the oxygen is pure, the purity of the nitrogen cannot 

exceed 98.7 percent. Distributed argon will allow approximately 

99 percent pure oxygen and nitrogen to be produced. Future 

work could incorporate the effect of argon into the model and 

allow for a more accurate design. Further, assumption of a 

binary mixture allows use of the Sorel' method of calculation 

which is a rigorous plate to plate method utilizing 

1. Sorel, M., "La Rectification de 1'alcool," Paris, 1893. 



alternating material and enthalpy balances, coupled with the 

equilibrium vapor-liquid relationships. The method has been 

extended by Lewis and Matheson to multicomponent systems and 

a simplified version has been used in a graphical representation 

by McCabe and Thiele. 

The model itself consists of three sections: 

(1) input and preliminary calculations, (2) iterative 

calculations in each column, and (3) output. 

Input and Preliminary Calculations  

Input to the model comprises three categories: 

(1) system options, (2) tower parameters, and (3) basic 

data. 

1. System options. The system options are a set of 

three codes which specify the distillate and feed thermal 

conditions, and the tower configuration used. All thermal 

conditions from a subcooled liquid to a superheated vapor 

are allowed in the feed. Only a superheated vapo- distillate, 

which is physically impossible, is prohibited as a 

distillate thermal condition. Three tower configurations 

are possible within the framework of the model: a single 

tower, a double distillation tower with either product 

stream of the first tower becoming a feed stream to the 

second tower, and the Linde "Double Column." 



2. Tower parameters. Twelve tower parameters are 

required to define the problem for each tower: 

A. Feed rate, lb-moles/hour. 

B. Feed composition, mole fraction light component. 

C. Reflux factor, R(actual)/R(min), dimensionless. 

D. Pressure drops across condenser, each plate 

and the reboiler, psi. 

E. Equilibrium data reference pressure, psia. 

F. Tolerances on bubble-dew point component 

summations and overall tolerance on 

composition, lb-moles. 

• G. Initial temperature and pressure estimates at 

top and bottom of column, °F. and psia. 

H. Minimum product purities distillate and bottoms, 

mole fraction light component. 

Note: If the thermal conditions of the feed and 

distillate are other than saturated liquid or vapor, the 

appropriate feed and/or condenser temperatures must be given 

as input. If a partial condenser is used, the fraction vapor 

distillate must be input to the model. A complete input form 

appears in Appendix A. 

3. Basic data. The final block of input data consists of 

the vapor-liquid equilibrium data and the enthalpy data. 

The equilibrium constant for each component is computed 



from the equation: 

ln(KP) = A+ B/T 

where, K=lequilibrium constant, dimensionless. 

P= stage pressure, psis. 

T= temperature, °R. 

A & B = correlation constants defined by: 

B= ln(K1/K)*(T1T/(T-T1)) 

and A= ln(K
1
Pref)-B/T1 

where the subscripts (1) and (2) refer to 

two different temperatures and Pref is 

the equilibrium reference pressure. 

This correlation pressure corrects the equilibrium constant 

to the pressure at each plate in the column. 

Enthalpy values are calculated from the linear 

equations: 

h = ah + bh 
T 

and 

H =AH+BH T 

where, h,H = liquid and vapor component enthalpies, 

Btu/lb-mole. 

T= temperaturel°R. 

a
h/

b
h/ 

A
H/
B
H 
= correlation constants. 

For each component two vapor-liquid equilibrium values and 

four enthalpy points (two liquid, two vapor) are required 

as input. Enthalpy values are combined using Kay's rule to 



• obtain the mixture values: 

havg= xihi 

or, 

Have v H 

wherp, havg' Havg = average enthalpy (liquid or vapor), 

Btu/lb-mole. 

h H = component liquid or vapor enthalpies, 

Btu/lb-mole. 

x = light component mole fraction (liquid 

and vapor). 

Preliminary Calculations. 

Before the iterative procedure can be implemented, 

three preliminary calculations are made; namely, 

(1) feed condition evaluation, (2) minimum reflux 

determination, and (3) condenser duty evaluation. 

1. Feed condition evaluation. Based on the feed code 

entered, the feed temperature is determined by a bubble or 

dew point calculation. If a flashed, subcooled, or super-

heated feed is specified, the feed temperature must be 

supplied. At this temperature and the average tower pressure, 

the feed vapor and liquid compositions, and the fraction 



vaporized are determined as follows: 

x = (1-K)/ (K1-K2) 

y= Kix 

Fraction vapor = (z-x)/(y-x) 

where, K
1 

and K2 are the equilibrium constants 

of components (1) and (2) at the feed 

temperature and pressure. 

z = the bulk feed composition for the light 

component. 

Using the feed compositions, temperature, and the fraction 

vapor, the feed enthalpy is computed. 

.2. Minimum reflux determination. The minimum reflux • 

ratio is determined by linear interpolation between the 

minimum reflux based upon a dew and bubble point feed 

condition using the fraction feed vaporized as the 

correlating factor. Utilizing a concept from the McCabe-

Thiele graphical method for binary systems, the operating 

line slope is related to the reflux ratio by:2 

Slope = (xp-y)/(xp-xF) = R/(R+1) (1) 

where, xD = distillate composition of light 

component. 

y = point where operating line intersects 

feed locus line. . 

xF = feed composition of light component. 

2. Smith, 'Buford D., Design of Equilibrium Stage Processes, 
New York: McGraw-Hill Book Co., 1963, p. 130. 



If the point of intersection of the operating line and the 

feed locus line, y, is taken at the intersection of the 

operating line and the equilibrium curve, the minimum 

reflux ratio can be evaluated by an equation similar to (1): 

Slope(min) = Rmin/ Rmin  + 1. 

For a bubble point feed, the slope is given by: 

SlopeL =(xp-KxF ) / (xp-xi,) =(Rmin/(Rmin+1.))1,  

where, K= the equilibrium constant at the feed 

temperature and pressure . 

For a dew point feed, the slope is given by: 

Slopev = (xp-xF)/(x1)-(xF/K)) = (Rmin/(Rmin+1.))v 

From the above equations, the minimum reflux ratios for a 

bubble and dew point feed are evaluated, and the composite 

minimum reflux obtained from the equation: 

(1--f) • RminL Rmin =f RminV 
where, f = fraction feed vaporized 

RminV,  RminL = the vapor and liquid minimum 

reflexes respectively. 

Finally, the operating reflux ratio is calculated as the 

product of the reflux factor and the minimum reflux ratio. 

3. Condenser duty evaluation. The distillate 

drum pressure equals the column top pressure minus the 

condenser pressure drop. The distillate rate is fixed for 



the column by the equation: 

D = F * (x
F
-xB)/(zDn  -x-) 

where, F= feed rate, lb-moles/hr. 

xF= feed composition, light component 

xB= bottoms composition, light component 

2D= distillate composition, light component 

Based on the distillate code chosen, the condenser temperature 

is obtained by a bubble or dew point calculation. For a 

subcooled distillate, this temperature must be supplied. 

For a partial condenser, the liquid-vapor split must be 

specified so that the flash temperature can be calculated. 

With the temperature and pressure specified, equations 

similar to those used in the feed evaluation section are 

used to evaluate the vapor and liquid compositions of the 

distillate, and the fraction distillate vaporized. 

Referring to Figure 5, the following procedure is followed: 

A. The composition of the vapor and liquid from 

plate 1 are determined: 

yl = (DVYD DLx4-L0xD)/ V1 
where, L0 = RD 

V1 = L0 + D 

T
1 

= dew point temperature of V1 

x1 = y1 / K1 

B. The distillate enthalpy is evaluated: 

DH = DL hDL + DvHDv 
• 



FIGURE 5 



and by a heat balance, the condenser duty is: 

Qc=Loho +DH - 

Iterative Calculations 

The iterative calculations for each column are 

divided into three sections; the rectifying section, 

the feed zone and the stripping section. 

1. High pressure tower-rectifying section. Calculations 

for the high pressure tower begin at the condenser and 

proceed toward the reboiler. Referring to Figure 6, the 

following procedure is followed: 

• A. The composition of xl is determined by 

equilibrium; xl = yi/K, 

B. The composition of y2 is assumed. 

C. A dew point calculation determines t2 . 

D. L1 and V2 
are calculated by material balance 

(envelope). 

L
1
=(Dx

D-DLy2+DVyD-DVy2)/(y2-x1) 

V2=(DLx1D-Deci+Dvyrl-Dvx1)/(y2-xl) 

an energy balance determines the criteria for 

convergence: 

E. Eqn=V2H2 - L1h1 +Qc 

F. The value of Eqn is compared with the distillate 

enthalpy, and steps A to E repeated until 

converged. 



FIGURE 6 



2. High pressure tower-feed zone. The feed zone refers 

to that area of the tower where the computed compositions of 

the vapor and liquid approximate those obtained from the 

feed flash calculation. The calculations in this region 

differ from those in the rectifying section in that the 

material and enthalpy balances are performed between stages 

and not around the condenser. At the feed zone, the 

following procedure is followed (Figure 7): 

A. The composition of xf is calculated by 

equilibrium; xf = yf/Kf 

B. The composition of yfla is assumed. 

C. A dew point calculation determines tf+1 . 

D. Vf+1 is determined by a material balance 

around stages f-1 and f (envelope I). 

Eqn1=Vf+1=(Vfyf-Vfe  y ed- feed-Lf-lxf-1 
+(Vfeed +Lf_i-Vdxf)/(yf+i-xf) 

E. Vf+1 is also determined by an enthalpy balance 

around stages f-1 and f(envelope I). 

Eqn2=Vf+1=(VfHf -VfeedHfeed -Lf_lhf_i 

4-(Lf-14-Vfeed-Vf)hf)/(Hf+l-hf) 
F. The values of Eqni and Eqn2 are compared until 

converged . 

Steps A to F are repeated for stages f and f+1 (envelope II), 

with the liquid feed being added to the system. 



FIGURE 7 



3. High pressure tower-stripping section. The 

stripping section calculations correspond to those used 

in the rectifying section, with only a modification in the 

material and enthalpy balances to reflect the addition of 

the feed stream to the tower. Referring to Figure 8, the 

procedure is as follows: 

A. The composition of xf+3 is determined by 

equilibrium; xr+3 = yi.4.3/Kf+3 

B. The value of is assumed. 

C. A dew point calculation fixes tf+4 . 

D. Lf+3 and Vf+4 are computed from a material 

balance around the condenser,(envelope): 

L =(D x -D y +D y -D y +Fy f+3 L D L f+4 V D v f+4 f4-4 
-Fz )/(y ) F f+4 f+3 

V =(D x -D x +D y -D x +Fx L D L f+3 V D V f+3 f+3 
-Fz

F)/(Yf+4-xf+3) 

an energy balance determines the criteria for 

convergence: 

E. Eqn = Vf4.411f4.4-Lf+3hf+3 +Qc+HFeed
TOT 

• The value of Eqn is compared with the distillate 

enthalpy and steps A to E repeated until 

converged. 



FIGURE 8 



Iterative Calculations- Overall Program. Logic  

The overall program logic consists of three separate 

calculational blocks: (1) the high pressure tower, (2) the 

two isenthalpic valves between columns, and (3) the second 

distillation tower or the absorber section. Each column 

computational block is further subdivided into two 

. separate routines; an initialization routine, and a 

convergence routine. 

1(a) . High pressure column-initialization routine. 

Calculation begins at the condenser and proceeds downward 

by repetitive application of the rectifying section procedure 

previously outlined. Computations continue until the computed 

liquid composition equals or becomes less than the feed liquid 

composition. The calculations now shift to the reboiler, 

and a procedure similar to that used in the rectifying 

- section is employed except that the material and enthalpy 

balances are performed around the bottoms product stream 

and calculations are made from the reboiler upward. 

Referring to Figure 9, the procedure is : 

A. The composition of y2 is calculated by 

equilibrium; y2= K2x2 

B. The composition of x3 is assumed. 
C. A bubble point calculation determines the 

temperature t
3 
. 



FIGURE 9 • 



D. L
3 

and V2 are determined by material balance 

(envelope) : 

L
3 
= Bot • (x1-y2)/(x3

-y
2
) 

V2 = Bot • (x1-x3)/(x y ) 3- 2 
an energy balance determines the criteria for 

convergence: 

E. Eqn = L
3
h
3
-V2H2 +QR 

The value of Eqn is compared with the bottoms 

enthalpy, and steps A to E repeated until 

converged. 

Calculation in the stripping section continues until the 

computed vapor composition exceeds the feed vapor 

composition. At the conclusion of the first pass, the 

number of stages and the feed stage location are fixed. 

1(b) . High pressure column-convergence routine. After 

pressure corrections have been made to reflect the true 

number of stages in the column, the calculations are 

repeated starting at the condenser. As before, the 

rectifying region series of calculations is repeated 

until the feed zone is reached. Computations now proceed 

through the feed stage using the feed zone procedure, and 

then continue with the stripping section procedure described 

for Figure 8. The reflux ratio is now adjusted and the entire 

calculational block repeated until the desired bottoms 

composition is attained. 
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2. Isenthalpic valves. If only a single tower is to 

be solved, the calculations cease. However, if a second 

tower exists, the product streams from the high pressure 

tower must be reduced to approximately atmospheric pressure. 

Equilibrium and enthalpy data at the lower pressure are 

input, and depending upon the tower configuration either 

one or both valves are simulated. The valve simulation is 

a trial and error procedure wherein the constant enthalpy 

across the 'valve is the criteria for convergence. The 

_procedure used is as follows: 

A. A temperature is assumed between the bubble 

and dew points at the lower pressure. 

B. A feed flash at this temperature yields the 

liquid and vapor compositions. 

C. The combined enthalpy of the product liquid 

and vapor streams is calculated. 

D. The composite enthalpy computed above is 

compared with the enthalpy of the stream before 

the valve. 

E. Steps A to D are repeated until convergence is 

achieved. 

If a double distillation tower configuration is used, only 

the bottoms or distillate product is pressure reduced. If 

the Linde "Double Column" is used, both product streams 

undergo pressure reduction. 
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3. Second distillation tower or absorber. If the 

second tower is a distillation column, the pressure 

reduced product stream (bottoms or distillate) becomes the 

feed stream to this low pressure column. The calculational 

scheme is exactly the same as in the high pressure column, 

and after the second column bottoms composition is converged 

calculations cease. Iflhowever, the second tower is an 

absorber, the calculations are somewhat more involved. As 

in the high pressure tower, the computational block is 

subdivided into an initialization routine and a convergence 

routine. 

3(a) . Absorber-initialization routine. Since a 

condenser does not exist in the reboiled absorber, calculations 

cannot begin at the condenser. Because the heat to the 

reboiler is supplied by the condenser of column one, it is 

logical to begin the calculations at this point. Pursuant 

to the fact that the vapor products are required, the reboiler 

is assumed to be a total reboiler, and the appropriate adjust;-; 

ment to the enthalpy balance for the reboiler calculation is 

made. Proceeding up the absorber, calculations similar to 

those described for the "stripping section," Figure 9, are 

performed. Calculations proceed until the computed vapor 

composition becomes equal to or less than the feed vapor 

composition. 

Proceeding through the feed stage, a computational 
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approach that is similar to the feed zone calculation of 

the high pressure tower is utilized except that calculations 

are from the bottom up and the liquid composition rather than 

the vapor composition is unknown. 

After the feed zone, calculations follow the procedure 

of the high pressure stripping section with a shift to 

bottom up and unknown liquid composition as in the feed zone 

calculations above. Calculations continue until the computed 

liquid composition equals or exceeds the value of the "lean 

oil" feed composition determined by the valve calculation. 

3(b) . Absorber-convergence routine. Even though the 

liquid composition computed now equals or exceeds the 

required value, the computed rate of flow of the "lean oil" 

feed stream will,in general,not match the required value. 

Two adjustments must be made for the absorber to be 

independently balanced. First, the variations in the pressure 

of the feed stage must be dampened out, and second, the 

computed "lean oil" feed rate must be adjusted to the value 

obtained from the valve calculation. 

To achieve the first objective, the initialization 

procedure for the absorber is repeated until there is no 

variation in the feed stage location. Unfortunately the 

second problem is more involved. Since there is no 

condenser, the reflux ratio does not exist, and another means 

of adjusting the "lean oil" flow rate must be devised. To 



meet the "lean oil" requirement, the reboiler duty of the 

absorber is adjusted until the required rate is obtained. 

The absorber is now independently but unfortunately also 

arbitrarily converged. 

Iterative Calculations-Overall Convergence  

The arbitrary value of the reboiler duty as set in 

the previous section is now practically approached by 

adjusting the number of contact stages in the high pressure 

tower by means of the bottoms composition. The bottoms 

composition is adjusted, and the entire calculational loop 

is repeated until no further adjustment of the absorber 

reboiler duty is required. An elaboration of the problems 

encountered in this type of convergence will be made in the 

next chapter. 

- Output  

The computer output generated incorporates all the 

information necessary to design the Linde "Double Column." 

Output is generated as each tower is independently converged, 

and intermediate trials indicate only the convergence trend. 

The tower parameters and calculated constants are printed 

and act as a check on the input data. The initialization 

routine, which determines the number of stages required, is 

printed in entirety. The first convergence routine pass is 

also printed in entirety so that the method of calculation 
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can be illustrated. Subsequent passes are suppressed, and 

only the direction of convergence is indicated. The final 

converged trial is prined in its entirety, including the 

five profiles of temperature, pressure, vapor flow rate, 

liquid flow rate and light component composition. Lastly, 

an enthalpy balance is presented. incorporating all tower 

input and output streams. A sample of the output is presented 

with the examples of Chapter IV. 
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CHAPTER III 

CONVERGENCE PROBLEM 

As indicated in the previous chapter, the problem of 

convergence in a Linde "Double Column " involves 

ramifications which are nonexistent in an ordinary dual 

column fractional distillation complex. Whereas in a 

distillation plant operating above the ambient temperature, 

the reflux ratio, and hence the condenser and reboiler heat 

loads can be varied within wide limits, the lack of a 

condenser on the absorber negates the use of a simple "key" 

to control convergence. Unlike the ambient temperature 

columns, the heat loads of the high pressure column's 

condenser and the absorber's reboiler are interdependent 

and the entire high pressure tower must be adjusted to 

achieve convergence. The method used to adjust the high 

pressure column's condenser duty is to adjust the bottoms 

composition. Initially this procedure has the effect of 

changing the number of contact stages and therefore 

increasing or decreasing the condenser duty. A fine 

adjustment is achieved as the number of stages remains 

constant and only the bottoms enthalpy varies. 

Unlike the reflux ratio which can vary from minimum 

to infinity, the variation of the high pressure column 

bottoms composition, x131 , is set between narrow theoretical 
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and even tighter practical limits. Figure 10 illustrates 

the "Double Column" construction on an enthalpy concentration 

diagram.' Line Z'AR' represents the "lean oil" feed in the 

absorber, and at a value of x
Bi 

approximately equal to 0.67, 

it coincides with the "tie line" through A, i.e. the minimum 

reflux ratio the absorber would theoretically have. 

Similarly, line RBZ corresponds to the reflux ratio in the 

high pressure column, and at a value of xB equal to 
1 

approximately 0.57, the line coincides with the "tie line" 

through B, i.e. the minimum reflux ratio for the high 

pressure column. The theoretical limits for the light key 

bottoms composition are therefore 0.57 and 0.67. As 

Ruhemann states: " Practically xA (x ) can vary between 

60 and 64 per cent."2 This is a small margin indeed and 

indicates just how sensitive the convergence problem can 

During development of the model, another convergence 

problem emerged. Unlike the first convergence problem 

which is a physical limitation of the system, this problem 

results from the method of calculation used. The Sorel method 

was originally developed by Sorel in 1896, before the age of 

computers. Utilizing graphs of the equilibrium and enthalpy 

1. Ruhemann, M., The Separation of Gases, Second Edition, 
London: Oxford University Press, 1952, p. 159. 

2. , Ibid., p. 160. 



FIGURE 10 
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functions, and designed for hand calculation, the 

tolerances for convergence were extremely loose. The feed 

stage calculation, especially, was solved by the addition 

of the feed stream between two stages with no attempt made 

to add the feed liquid to one plate and the feed vapor to 

another stage. When the former method was applied to a 

computer with a tolerance on composition of 10-4 or 

tighter, the discrepancy caused the enthalpy balance to 

fail to converge and a zone of constant composition 

appeared. No solution to the problem was possible since 

the "pinch point" could not be passed. Subsequently, the 

feed zone equations were rewritten to incorporate the effect 

of separate addition of the feed liquid and feed vapor plus 

a much more restrictive tolerance on the appropriate 

equilibrium calculations. The result of these modifications 

to the computational algorithm resulted in a converged solution 

to the set of material-equilibrium-enthalpy equations. 



CHAPTER IV 

EXAMPLE PROBLEMS 

This chapter contains three example problems chosen 

to illustrate the model's ability to solve problems of 

varying complexity. 

Example No. 1 : The design of a Linde "Double Column" 

for the separation of air into oxygen and nitrogen. 

Example No. 2  : The design of a single fractional 

distillation column separating benzene and toluene. 

Example No. 1 : The design of a dual fractional 

distillation complex for the separation of benzene and 

toluene. 



A. Example No. 1 - Linde "Double Column." 

The purpose of this example is to solve the problem 

for which the model was developed, the design of a Linde 

"Double Column." The necessary input data are: 

1 (A) Select system options 

(a) Tower type code = 4 

Linde "Double Column." • 

(b) Feed thermal code = 3 

A bubble point feed is the most 

advantageous condition.1 

(c) Distillate thermal code = 3 

A bubble point distillate will be the best 

"lean oil" feed to the absorber. 

2-_(A) Set tower parameters 

(a) Feed rate = 100 lb-moles/hour 

A convenient number was chosen to simplify 

the calculational check. The feed rate 

should not exceed 100,000 lb-moles/hour 

so as to avoid an output format error. 

(b) Feed composition light key = 0.79 

Air is considered as a binary containing 79 

percent nitrogen. 

1. Ruhemann,M., The Separation of Gases, Second Edition, 
London: Oxford University Press, 1952, p. 156. 



(c) Reflux factor = 1.1 

Air plants normally operate close to 

miriimum reflux. 

(d) Pressure drops--stage=0.1 psi., 

condenser= 0.3 psi., reboiler= 0.1 psi. 

Pressure drops per stage range from 0.07 

to 0.15 psi.
2 

.Condenser and reboiler 

pressure drops are generally higher due 

to the increased piping associated with 

these sections. 

(e) Equilibrium reference pressure= 73.5 psia. 

The suggested pressure for the distillation 

tower is 5 atmospheres absolute. 

(f) Tolerances = 10
-6 

and 10-4 

The tolerance on the bubble or dew points 

(component summations) = 10-6 i.e. 

2KX orTy/K = 1.0 ± 10-6 . The over-

all tolerance 10
4, is on the bottoms 

composition of the light component ()cm). 

(g) Initial temperature and pressure estimates: 

TOP BOTTOM  

T, °F. -280.3 -274.0 

Pt  psia 73.8 78.8 

2. Peters,M.S. and K.D. Timmerhaus, Plant Design and 
Economics for Chemical Engineers, Second Edition, 
New York: Mc Graw-Hill Book Co.119681  p. 622. 



The initial temperature estimates are used 

only for initialization and need not be 

very accurate. The pressure estimates are 

used in the determination of the number of 

stages, and therefore can have an effect 

on the tower convergence. 

(h) Product purities, light component: 

overhead= 0.98 : bottoms= 0.60 

The bottoms composition is within the 

practical limits discussed in chapter III. 

3 (A) Basic data 

(a) Enthalpy data 

Liquid and vapor enthalpy values for both 

components at -289°F. and -266.1°F. were 

estimated from an "Esso Blue Book" graph 

supplied by Dr. Edward C. Roche, Jr., and 

input in the order: (1) temperature(°F.), 

(2) liquid enthalpies (Btu/lb-mole), and 

(3) vapor enthalpies(Btu/lb-mole). 

(b) Equilibrium data 

Vapor-liquid equilibrium data for each 

comDonent3 were entered at temperatures of 

L-289°F. and -266.10F. The values were 

3. Van Winkle, M., Distillation New York: Mc Graw-Hill 
Book Company, 1967, p.284. 



input in the following order: 

(1) temperature (°F.), (2) light 

component equilibrium constant, and 

(3) heavy component equilibrium constant. 

2 (B) Absorber tower parameters 

(d) Pressure drops--stage=0.1psi., 

condenser=0.3 psi., reboiler=0.1 psi. 

The same values as were used in the 

high pressure column. 

(e) Equilibrium reference pressure=14.7 psia. 

(f) Tolerances = 10-6 and 10-4 

The same values as were used in the 

high pressure column. 

(g) Initial temperature and pressure estimates: 

TOP BOTTOM  

T, °F. -310.9 -307.7 

P, psia. 15.0 20.0 

(h) Product purities, light component: 

overhead= 0.99 : bottoms= 0.01 

3 (B) Absorber basic data 

(a) Enthalpy data 

As in the high pressure column, enthalpy 

data at -319.7°F. and -300.0°F. were 

supplied to the model from the "Esso 

Blue Book" graph previously mentioned. 
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(b) Equilibrium data 

As before, vapor-liquid equilibrium 

data4 for each component were supplied 
to the model at -319.7°F. and -300.0°F. 

The above data were inserted into the model and the 

results are that the high pressure tower requires 7 stages 

plus a reboiler and a condenser, the bottoms composition of 

the light key is 0.61, and the reflux ratio is 0.98649. 

The condenser and reboiler duties are 203,940 and 204,195 

Btu/hour, respectively. The absorber requires 13 stages 

plus a total reboiler (see attached printout). The high 

pressure column was checked using DISTL, a rigorous 

distillation program developed by Dr. Edward C. Roche, Jr. 

The solution checks favorably within,the tolerance limits. 

A check on the absorber using ABSR a rigorous absorber 

- pi-6gram developed by Mr. Robert Lukach and Dr. Edward C. 

Roche, Jr. also gave favorable results. 

4. Van Winkle, M., Distillation, New York: McGraw-Hill 
Book Company, 1967, p. 284. 



-COLUMW-WUMBE8—,1 PROBLEM NUMBER 1 

IUIAL-CUUDEWSLE---ALL_LIQUID-DISIILLAIE  

INPUT DATA usFn IN CALCULATIONS 

PEED RATE XF (1. ) . _  
 11015 

XB (1) DIST,RATE OIST.SPLIT Z0(1) 
MQLS/HOUR 

  

1.0..0. • 0.0.(,?S)0._ _ . 4.60.0000 49,99995 0,00000 ,980000 

  

     

PRESURE IMPLSTA_CE=04110010_ CoNUENSER PRESSURE DROP 00000 REBOILER PPESSURE DROP:0,1000 

ENTHALPY!'LIQUI0 

. - — 

ENTHALPY-V4PpR  _EQUILIBRIUM PRESSURE 

AI 111411500 73,50000 -743,70459 4259.03900 

73,50000 17,13020 0.00000 
. . _ . 

_All/1.512_41 - 73,50000 -213,52954 4339.14060 

B2 1.1.1..51. ?3.50600.  13.97386 4.19216 



adereamAgracaramarairors  • • • •  & •  
. . . . _ 

RUBBLE_PGINT FEED 

5E_FikTION__FEED_VAP6120 e 00).1_ 

.YEEt0= .049.0.614 HFEED= 0,22290438E 06 TFEED=-286.24707 

= 0,6358$ REflpi vx RATIQ= 0,69947 

ISALTInh OISTILLATE.VAPDRIZEn= 0,0007 
_ 41. ...... Mats ma AlEt ise.11M-1•Lan ate-- .... , 

TEMPERATURES---DEGREES FP4RENHEIT 

MUM_ FEED CnNIDN$ER 

.."214_,LiboDO4,286.24707 ,290,21606 

* ili_iiiiSSURES=277PS A 

naps  _11.10000  ._REITTOOF - N,E14000 

.4111.11IMBJElin Se-= MAR OS 4/1-1MAINLNIR.11.11M-01.111•31.1111111.1ama innally• SC mullia.B. MR I. 

-r 



T I 0 N . . 

LIQUID RATE 
KILEVHR, 

VAPOR RATE 
MOLES/HR, 

PRESSURE 
PSIA 

MCI LEUNG 5 E C 

Tii.iP Eit  _ .AT U . .RE 
_PE OR E ES F___ _ 

_____. .. . _ .. . ........ 

7_.290,21606 . __ 49499995 0.00000 73,50000 
________ _ ____/_.  34031,77 8407330 73.80000 

2 -189.2021 ...______..34. 0.05.59 84183192 _ 73,89999 
3  -.28806343 14,318 05 84..46524 73.99998 
4 --------. - ....288. 35132 - - — - 34,1 . e59) , -- • • • -- --- 1  84,31810 74,09998 

..287.98462 3305007 84.11673 74,1_9997 
6 ,2871.66724 •33.6707 1 _ 83,94994 74,24446 
7 ' . • 287 Jo 19_648 33,61829 83 , 87653 ...... _ 74.0995 
8 "2_87.11 7651 33 c56702..... _0_3.61823 74,49994 
9 2.4.11A993g)5 13..09.804._. _ _83,56694 74,59993 
10 -2004790_ __ 33._071,00__ _ 83039790  74,69992 

THE_RET VAPOK ENT.R.ING THE. RECTIFYING 5E01.014...IS 83.47151 

STAGE Xin. sio . 
. . 

0,9505086 0,9799908 
2 - Q,9219195 0.9678856 

0..895_4541 0,9502954 
4 OA  8717471 49455838 
5 9.851,3058 . 0030.0804 
6 026341948 049279497 

. .049211059 
8 000915112 .  
9 000047.0.0 . 01.911712 

10 0,7940014 0t9.0010.22 . 
. . _ 

..THE UMBER OF STAGES IN THE RECTIFy;mp SECflP1'1  ARE 10. 



 STAGE TFmPFRATuRE -1  I QU I 0  RATE PRESSURE. 
E_ ...._... .110LE.3./HR.a _ . MO t, E 5 /HR PSTA 

124,21101. _ 84,33714 78,59998 

.----.......-----1.2.... — --...-2_•_21.5.*_3_0291 . .._ ... _J./3 , 99014 84,21704 78,69998 
11_ m•214.112_056 , 04175 ... _13.3 83.99010 78,79999 

__REB.a IA •11111.6.7.1.4.7 __50,00005 83,04169 78,89999 

THE..NELLI QUIL.ENTERIN.GTHE_ .STRIP_P N_Q.. 5.E.C_T _I S.. ._. .33119 

Y.(1). _ . . 

_11 0009_2518 0,9058817 
. 12_ 0,7.809044 0,90161/4 

. 13_ 0,756092.4 0,8885984 
kii. 1.4 . Q.18500769  

THE •NUmBFR OF STAGES IN...THE STRIPPING SECTION ARE 4 

tHErt0fAtti00.0(k_01474-0_ES IN TOYER .ARE 14 

PASS NOBER 1 IS COMPLETE. _ _ _ 



pREssoE PROFILE 

__BUBBLE _1.13.114T f.E E 0 

THE FRACTION FEED VAPORIZED= 0,0001 

XFEEDF 0,78999 yFEED= 0,90603 HFEED= 0022172456E 06 TFEED=-286,96240 

W.X.. .F. . 0,63745 REFLUX RATIO: 0,70120 

VAPORIZED= 

TEMFERATURES---DEGREES FAHRENHEIT 

TOP BOTTOM FEED CONDENSER 

!-209.267944 -284,92056 -286,96240 -290,21606 

PRESSURES--7PSIA 

PTL)P= 73,80000 PBOTTOM= 75,00000 



PASS NUMBER. 

___ _ _ THE_YALUE,OF_THE RfFLUX RATIO! __010711201_ 

STAGE TEMPERATURE 
..DEGREE5 F 

LIQUID RATE 
MaLfS/HRL 

VAPOR RATE 
MOLES/HR. 

PRESSURE 
PSIA 

._ CONDI'. 729.0021606 05005971 0.00000 73,50000 
1 -289.67.944 34,90472 85,05971 73.80000 
2 !..289.120972 34,52682 84.90474 73,89999 
3 -238'70190 .340132,2 84,52681 73.99998 
4 -2880 34819 34.19337 84,39325 74,09998 
5 T-207.97990 34,02201 84,19322 74,19997 
6. -287,66113 33,94830 84.02267 74,29996 
7 -287,38867 33,69162 83.94812 74,39995 
8 -287,16724 33.64117 83,69150 74,49994 
9 -286.98315 33,47137 83,64120 74,59993 
10 r28.0,83.610 33.54501 83.47134 74.69992 
_11 -28970947 33.48264 83.54491 74.79991 
12 -286160547 133.55978 83.47589 74.89990 
13 -286126709 133,10303 83,55968 74,99989 

R Be 14 -285.32739 50,00005 83,10312 75.09988 

STAGE X(1) Y(1) 

1 00505007 0.9799909 
2 0.9218869 0,9678707 
3 0.8953639 0.9562570 
4 0,0715686 0,9455024 
5 0,8510251 00359576 
6 (48338265 00277697 
7 0,8196422 0,9208828 
8 0,8086179 0*9154395 
9 0,7998692 0.9110632 
10 0.7933309 0,9077635 
11 017879876 0,9050432 

____ ___i_L_____Qs_71339639  0,19029832 
..___13 0,7667707 0,8940374 

_____Ri8e___14  00173544 0,8671048 



PASS REFLUX RATIO__ _BOTTOMS COMP, 
. _ 

0.807993 
0,77132 0,4868704 

5 0,71207 0,0700574 
6 0,73879 0,5804196 
7 0,72937 0.6110585 
8 0.73343 0,5988229 
9 0,73222 0.6027896 
10  0623224  046000825  



FINAL CONVERGENCE ACHIEVED ON BOTTOMS COMPOSITION ---TOWER NUMBER 1 

H FEED IS_ INTROUUCED BENE6AtAcis _ It AND 12 

__ 

STAGE  

R= 0.73294 

PRESSURE 
PSIA _  

i.tHIGH= 

LIQUID RATE 
MOLES/FIR, 

0,77132 

VAPOR RATE 
MDLES/HR, 

XCUMP,1) "COMP. 
_- . _ 

PLOW= 0,6310B 

TEHRERATuRE 
DEgREE.S. F 

_ .__CO_D_._______2m2.9.0.2.21606.___ _____73.50000 49199995.. 0,00000 0,97999 0.99205 
_I -289.07944 7BA.0o000 36,44Q78 86.64709 0,95051 0.97994_ 

______1 _ m.2190,91/1_ 73A89999 .3041,91 86,44073 0,92117 0.96/56 
3 72729 73.99098 33,78514 06.22601 0,89318 0.95528 
4 1.288.2873,_ 74.09998 35.61053 85.78525 0.88781 O.9437g- 

_________, ... _. _r_237.8.0794._ 74.19997 35.36249 05.61038 0,94546 0.93331 
_ _____ _ 4... . _____ _2.267151906_ 74,29996 35.25792 050 16230 0,82656 0,92426 
...... _ _T287.23.077_ 74.39995. _ 35.04057 .”.25792 0,01085 

- 
_  0.91654 

0 _ -.28609_013 74A49994 35.15302 55.04649 0.79835 6,91024 

____16....._ 
______ 9 728607M..  

_ .286m912_ __741.0999V_ 
 .74_09993_ ._._ _35.06006 

4.901,57 _ 
_ _. .85.15292_ 
 85.06000 

_ _ 0...78793 
0.77981 

 .0,90501_ 
0,900115 

-2011A45898. 
-- 

74 79991 34.81210 84.90155 
- 

0,77378 - 0.89770 
1 _ ------ 4841-54-521 _   "7469990 -1114.A6710 1174,8043 077692-7.  ---- - 0,44515-  

-2851_43994 7409909 13204706 84.46730 0..12155 0.86446 
- 

.13 . 
_-__iii   0460008 no79402 

INIAALEY-AALAUC.E.LBILILOR,/, 
 EEID ENTHALPY 21  0,2217245.0E 00 REVILER DUTY= 0,18321863E 06 - 

_ . 
_ ToTAL. ENTHALPY IN = 0,40494319E 06 

_ ENTHALPY_,.__01.0021050v.p6 BOTTOMS ENTHALPY = 0,11386025F 06 CONDENSER DUTY F...'011$285238E 06 

TOTAL ENTHALPY OUT = 0,40494319E 06 
\JR 

TOWER NUMBER 1 IS COMPLETE 



FAUitEM1Mti0E.R. .1 

AIR PLANT,---0(1)=REF.I.VX(2).. 

--.. • •••••••••■••■••all• t***COUSIAUISt*ttt 1 ma a w um a Ea _ 2  

PRESSURE ENTHALPY,,1 QV! D ENTHALPYVAPOR 

A.1--- -.. . ___ .... 14 00 0.00 . _ ..•3444033690 21820 85660 

34,13612 12,8olp2 

A--  2_::.10. • 5 it 6 i.4._____.--  .11L-___.. ____ .... Lit a0 00 Q.. .-3149,98040 239301P7P 

_ _la_ ___ _m1.219_0_0551). _ ____. _ ______ _ . _14A 70000 32.48738 16024368*  



RATA. USEQ IN .CALc91-ATIoNS 
ii.onamWIUMMILAIRAI EMMILISILMaaMimmiaWmfiwwwMMWMOPI.AM2LT_PIOP 

.FEED RATE XFC1) XB(1) DISTeRATE DIST SPLIT z0(1) 
MOLS/HOUR 

50.00003  .600082  .0110000_ 30.10622 00_006.0 0.9000.0 

PRESSURFDROP/STADE:0.1000 CUNDENSIR PRESSURE REBNLER PRESSURE DROP:011000 

FEED _ 

_THE ERAC/ION FIED..S.APORLIEQ! 0.2438 

..___..____.____ 4TE.E01 _0.53082_ YFEE0.4 0:61494 HFEEO= 0,1137P713E 06 TFEO!=311,45361 



....._... 

AIR PLANTSECOND COLUMN''”ABSOROER SECTIPN 

MOE TEMPERATURE_ 
DEGREES E . 

PRESSURE 
PSIA. 

LI.QUI0 RATE 
MOLES/HR, 

VAPOR RATE 
MOLES/HR. 

X(CpMP,1 Y(CIMPil) 

.RE13 .r290,”301 20,09999 20.45335 44.77570 0,01000 0,01000 
2 '291,19800 20,00000 65,22905 44,16626 0,01000 0.03935 

,292,57811 19,89999 64.61961 43.36884 0,03006 2911139 
4 729511_40796_ 19.79999 63,82219  42.54596 0,07889 0.25632 
5 _ _ .7299.02837 19,69998 62.99931 42,25026 0.17635 0,46070 
6 ..304.4455.6 19.59998 62,70361 42,97437 0,31369 0.64370 
7 •.307.70435 19,49997 63.42772 43,57489 0.43936 0,75466 
a ,309,43457 19,39996 64,02824 43,16164 0,51679 0,80702 

__________9 _ n  rQ072.705.. 19.29994! 25,80182 55,62257 0,57999 00 84136 
.j..Q.. ._2_7312.13257 19.19995 26.07591 55.94418 0,65617 0,88120 
LI r3.110090 19.09995 26,39746 56,47319 0,73864 _0,91631 

..... 1 ...31.4,68335 18,99994 26.92656 56,94569 0,81509 0.94455 
0 -315.56641 18.89993 27.39900 57,39355 0,87552 0,96443 
14_ ...316,17676 18,79993 27.84702 57,47720 0,91760 0,97720 
15 .31"0.79” 18,69992 27,93033 57.58319 0,94403 0,98483 
.16 "31.§084.912 18,59991 28.03665 57,65257 0,95981 0,98922 

TOP AT 73.1703009 18,49991 28.10562 57.82990 0.96890 0,99173 



'Sy agbdodea.gruipaael.........a.vic 

REVISED VALUES BASED nN TRUE FRFSSURE PROFILE 

TRIAL NUMBER 2 
•.THE FEED IS INTRODUCED BETwEEN STAGES 

INPUT_ DATA.....US E D.. IN C.A.LCUIATIONS. 
•It 

8 AND 9 

_ FEfD KATE_ _ U. X B ( 1 ) 01ST, RATE DIST,SPLIT ZO (1 ) 
. _MPL5JHOYR _ _ _ . . 

0:L06001. 3041.1060 _ 0,00000 .990000 

_ . _FLASHED_FEED 

THE FRACTION FEED VAPORIZED= 0.2258 

XFEED=_ 0.53631_ YFEED= 0.81880 HFEEO= 0.11379119E 06 TFEE0=-309•81860 



STAGE_ TEMPERATURE 
DEGREES F 

AIR PLANT---SECOND COLUMN---ABSURBER SECTION 

PRESSURE LIQUID RATE VAPOR RATE 
PSIA MOLES/HR. MOLES/HR, 

mclimp.0 Y(COMPel) 

RED., 7-290,58301 20009999 20,45212 44.77692 0.01000 0,01000 
2 ".2.91.19800 20,00000 65022903 44,16626 0,01000 0,03935 
3 "292057813 19,89999 64,61838 43,36945 0,03006 0,11139 
4 .295,40796 19.79999 63,82159 42,54588 0,07890 0.25632 
5. '299.82880 19,69998 62.99802 42.25092 0,17636 0,46071 
6 -304.44604 19.59998 62.70303 42,97536 0.31370 0,64372 
7_,_ "397.70.483 19.49997 63.42747 43,57590 0,43938 0.75468 
4 -309.43506 19,39996 64.02802 43,95508 0,51681 0,80703 
9 -•310,73633 19,29996 25,69504 55.61157 0,5805/ 0,84364 
10 ..312.14209 19,19995 26.06569 55,94432 0,65674 0,88145 
_11 ".313.01758 19,09995 26.39638 56.46870 0,73922 0,91655 
1_2_ -.314,69067 18.99994 26.92081 56,94894 0,81561 0,94472 

..13..... -3151,7129 10.892.93 271 4010 57,19001 0,87592 0.96457 
_IL ...316t180.6_6 L8A79993 27084200 57,47438 0,91792 0097730 
15_ ..316,58220 18,69992 27092639 57,58716 0,94427 0,98489 
16 '31(70,85107 18!59.991 .2 8.03926 57,65076 0,95999 0,98928 

____ __ 1 .. 317004004 18,49991 28.10318 87,84618 0,96905 0699175 
TO? 1.! ••317,18359 18,39990 28,29810 57,69617 0,97425 0099316 

P_RESSURE VARIATIONS HAVE BEEN DAMPED 



TRIAL OVERHEAD FEED 
REQUIRED 

OVERHEAD FEED 
ACTUAL 

CONDENSER DUTY(1) REBOILER DUTY(2) 

35.0200070. 2991484060 0,1828524E 06 0.1828526E 06 

3.511.0.299479_ 401 1277160 0,1828524E 06 0.2136609E 06 

35.0800079 35,1592100 0,1828524E 06 0.2007569E 06 
35.820Q070 36,8414610 0,1828524E 06 0,2051918E 06 
35,8200070 3.6,1804650 0.1828524E 06 0,2030937E 06 



THEIEtOND TOWER 15...INPOEM.UNTLY CLOSED 

.EE. ...1 N.TROD_UCE 0_ E TW EE N._ SIAG.E.S., a AND 9 

IEMEERATURE_ _____PRESUR.E___ 
___PEGAEMF _ _ PS1A. 

..._ 

. 1.14VID.RATE 
MOLES/HR, 

VAPOR RATE 
MOLES/HR. 

• 

X(C,OMPO) . yjcpmp41)____ 

20129999. _20...4.52.14. . 51,99762 0,01000 .4,0000-  0 
1491119000_ ___ 200.000g . 121.449.74 51,42238  0.01000 0.03935 

19,09999 71.0745Q 50043419 0403100 ....0,14455 
_ ____ _t_i___________•729.1.§16.52.. 19,79999 700.1063?. . 4901).08 . 0008439 -- - • 0,27043 

___ _r101_49681 19069998 69..76250 49.42889 9.49,9P n.48969 
.01.0.21 19,59998 69188101_ 50,32549 0,34930 _ 0.67923 

7 ..3080.1364. 19.49997 7077760 511 23323 0,48585 0,78727 
8 ..310,37329 

- 
19,39996 71,6803  ... _ _ .___ __ 45,03790 _. ___ ___. 0.56551 - 0081549- _ _  

. __ . ,411_03514._. _ 19,29996 26,777_88 .., 56181A07 0063753 0.87249 
-10 ..... -.3131_22046 1.9,19995 27.26418 64.09064 0.72506  0.91090 

- . __ .7314210/3.3......__ . _19,09.995 34.54268 641.64423 0.82740 D.94876 
_ _Ia._ _18.99994 35.09659 65,08287 _. _ 0.89845 1,97151 

1 _ 2-316.1.111.0 18 t9 93 35,53482 65,50285 _ 0.94074 0,98390 ... _ 
__. ...___!!_116172.9.49 _ . ... _14,79993 . 35095555  65. 051746 0,96368 0,99029 __. ._... . 

V ..116.11.94751 --
18,69992 35,96947 _ ... 65.42711 0.97532 0.99346 

__._ __ .!,.117.09b19____ . _ . __ 10,59:991_ 35,87918 65,48859 0098107 0,-99501 
7 ..317.211” 18,49991 3.94066 65,57368 0,98391 0,99578 

TOP 18 ..317.31104 18.39990  36,02478 65.72682 0,98533 0,99614 
-EUld8LEY 444444_1anuaa.1  

_ FEED PNTHALFY= 0011386025E 06 RE8041,ER DOTY= 0,20309369E 06 REFLUX ENTHALPY= 0.51528977E 05 

TOTAL ENTHALPY IN = 0,36848288E 06 

BOTTOMS ENTHALPY 001050.6306E 06 TOP PRODUCT ENTHALPY 0,26370438E 06 

. TOTAL ENTHALPY OUT = 0,36876744E 06 



CULUVU-4JUBE11-1 _____ 211011LEd_UUOIKEI___I 

ffsa RATE. xF4.1)$CLL DIST,RATE QIST,SPIT VIM 
MOLVMOUR P1015/HOUR 

_190A9_400.__2_79000__1.6000P0 49199995 00O000 ,9s000o 

DROPLSTAaso.1000 ONPINSERPFIE5SciR DROP=0,3000__ gtpO1lgkp#Es5yRRp10...09Qp___ 

FEED 

THE_ FRALTIUN,FEEa VAPQRIZE0* 0.0001 _  

00_8_99_9_ yFEE04 0.190604 HFfED, 0122186631E 06 TFEED=-286,87842 

= AtFLO. RATIO!!._. . 0.92451 . 

__THE_FRACTION_DISTILIATE VAPORIZED0. 00007_ 

TEWERATURES---PEGREESAHRENHEIT 

DOITbM - FEE0 _ _CoNDENsER 

-289.67944 -284,62056 *-286,87842 s-290.21606 

PRESSURESSIA 

P_TOP= 73,80000 PROTTOM= 75.00000 



OF MIN ER OF STAGES ____EIR_S_T__P_AS.S.m.r.r_DIT.ERAINATI.01,1 

____. ________ ___RECTIRYIRG SICTION. 

_______STAfiE_ __TiiiiiiiTURE LIM() RATE VAPOR RATE FRESS.VRE. 
F .0.E.PIES ___ _. 1101.WHR. 00k.E.S/HR„ P$.1.k. 

________COND._ ..!.290 21606 49,99995 0,00000 73.50000 
1. .,20.9,67944 46,03233 96,22549 73,80000 
2_ -249,13745 45.50606 96.03291 73.89999 

.. ...... 3. .-.-286.154321. 45,20465 95.50630 73.99998 
4 7207.019.92. 44.75742 95.20457 74.09998 
.5_________..._-287a.0127..... 44,41364 94.75739 74.19997 

tHE SFCTIUN IS 94.41357 

_ _ 

X(1). Y...1)....... 

______ 00505087 0.9799909 
0.9172261 0.9658580 

3 00814..44 Q.9500652 
4 00413791 0,9332849 
5 .00105946 0,9164088 

THE Num8 R OF STAGES IN THE RECTIFYING SECTION ARE 5 



sTRIppiN0 SECTION 

__-___--STAGE TEMPERATURE.. 
DEGREES F 
_._ 

L1QPI0 RATE 
mtnES/HR, 

VAPOR RATE 
MOLES/MR, 

PRESSURE 
PSIA 

______ 6_____. ___,,.2.A60.5273 144,00479 94.50697 74,89998 
7 -.285.69678 

..R11.•__A_____......._77.2$2f913_193_ 
12,24242 
90 00005 _..=. • 

94.08473 
92.24237 

74,99998 
75.09999 

THE NET LIPVID ENTERING THE STRIPPING SECTION IS 144,50702 

STAGg x(1) v(1) 

6.  0,780960 0,9014373 
0,7353.791 0,8771416 

RE8, 0,6000000 0,8087614 

THE NUMRER OF STAGES IN THE STRIPPING SECTION ARE 3 

_ THE ToTAL_NUMIERAF.STOES IN TOWER ARE 8 

N 1.M. ER.._...1..S_..COMPl_ETF._......._..._._...._..._._..  



REfiSiii/ALUES OAsE0 ON TRUE PRESSURE PROFILE  _• 

. _ 
BUBBLE POINT FEED 

• THE. FRACTION FEED VAPORIZE0= 0,0000 

_ . _ XFEEDs 0.79000 YFEE0= 0.90603 HFEED= 0.22166063F 06 TFEED=-286,99609 

MINIMUM REFLUX . 0.63752 REFLUX RATTn= 0,92487 

THE FRACTION DISTILLATE vAPORIZE0= 0,0007 

TEMPERATRE5-7.4).E.O.REE5. FOOTENNEJT_ 
. . . . . . . . 

--   TOP__ ._ DUTTON__ ... ONDENtER 

v289_1_67944 e,2_85_969_121A._ ..T.20.6.99.009 _ 

P8OTTOMF  



PASS NUMBER 2 

_ THE VALVE OF THE REFLUX RATIO= 0,92487 

. - ___ 

_ ___...___i_ 

 3 

STAGF _ __ ___ 
_ ______ . ____ 

Car_40, 

4 

6 
7 

_ ____ 67944 
_  

TEMP ERATUR6 .__ . ___ _ 
. DORM. _f _ _ _ 

-290.a1.6.06 

_ __ _ _. _______ _-2892.13745 
-28804217 
-28701943 

..,286,71.S09 
a-28611882i 

L I QUI D RATE __ _ . . _ _ 
._ MULES/HR,_ 

96,24353 
46.04573 
45,52342  ____ _ _ 
45,21733 . 
44 .77368 
44,42981 
44,08714 
142,92807 

VANIR RATE 
MOLES /HR, 

0,00000 _ 
961.?4353 

_ __  96.04535 
_ 95.52313 

95,21741 
94,17353 
94.42964 
94,08455 

PRESSURE 
PS IA 

73,50000 
73,a0000 
73,89999 
73,99998 
74.09998 
74.19997 
74,29996 
74,39995 

_.....REB. IL__ ____ 2.1.2_84.391,3.. 50,00095 92.92810 74,49994 

STAGE )(M.__ ...._ ..y(1) 

_I. 0050”07  6,9799.90 . 
0.0.17U42__ 0,9658567 

___ 00841087 0 0.5.007.8A__ 
4 0,8453494 9...9”g796. 
5 0.1_0_05C15..  0.,91_638?0_ 

____ 6 . _ . gA7787657 G_Oo0207 
7 011111749_ ..._11.17709.7 

___RES4 8 0_1.6587275 O,.8 3084 . _ 



._ ..__. .....___ ._ ....._.. 
_3_. 

.. _.... ______ .. 
_0483239_ 

. _ . ... . . . 
06742.0707 

4 __....._ _ __.... _.. . ...._ . . 119_1736 . . .. . .. .. ... 

99_636 

0,54451.21 _ 
0.02.811_97 ....... 
0.60516_44 

._.._ ...... _____7..____.. ....___ 1.0.9486 0 .5989576 
.11_09..2.0.2 .. 0.6006418 

........_._._9._______ _.... 1_0032.7. 0 *5_998993 
10.___ ...._._ .1.,_902. 87 0.6001325 



CONVOtaENCE ACHIEVED 00•OPTTOW. 

THE au Is INTRODUCED BETWEEN STAGES 

cnmPoSITIoN Num8ER I. 

6 AND 7 

RUN= 0,83239 R= 1,00304 RHIGH= 1,01736 

STAGE TEMPERATURE PRESSURE ',MID RATE VAPOR RATE X(COMP,1) Y(COMP.1) 

 

DEGREO .E .  PSIA MOLES/HR. MOLES/HR, 

  

_ . -- C011.1,_______m2lat2.16.0.6 73.00Q0o 4909995 0..00.0.00 0.97999 . ......,99.2.05 
t__ ,..289,67944 73,e0000 49.78699 100,15421 -6,9501 O.479-0 
2 _ -289.11694 7309999 49,42500 99,78674 0.91590 0.9652A 

____________I_____728807412. 73,99998 48,93660 99,42522 __._ 007732 :5;948/3  
.... 4 -,287,77783 74109998 - 48,54621 98.93628 0.83683 00k011-  

5 -18706323 74,199 97 47.822 P 9.80007 . 0,79676 .90047 •
_._ 

.0 
6 -28608135 74,29196 47,40067 97.82228 0.76000 0,89042 
7 -285,76050 74.39995 14515608 97,39795 0,72784 007293 

.7219411zAa  24L4922  _ AQ40005..  9545fiiia  0.60002 0.79471 

EUIUALEX_IIALAWCE_LAIU4WS*1. 
FEED ENTHALPY= 0,22166061E 06_. . REBPJLE . DUTY= 0,21162094E 06 

TOTAL ENTHALPY iN 0.43128156E 06 

01,5:filtiAtE ENTHALPY = 0,10823056E 06 BOTTOMS ENTHALPY = 0,11369438E 06 CoNUENSER DUTY =-0,21135663E 06 

TUTAL ENTHALPY OUT = 0,43328156E 06 

TOWER NUMBER 1 IS COMPLETE 

oN 



.CULkitibl4LitlaEa—,Zr PRO_OLtM NYMBE.R 

A.NPLit_OATA LISED_...IN CALCVLA.T IONS_ 

__EEED_RATE_. GIST.RATE DUT.SPLIT  
. . MOLS/HOUR 

..... .600024 .010000 0.00000 .990000 

PRESSURE DROP/STAGE:0.1000 CONDENSER PRESSURE 0ROP=0.4000 REBOILER PRESSURE DROP=0.1000 

FLASHED FEE() _ . . _ . 

________________. _ THEIRACTION FEE° VAPQRI2EP: 0,2259 

1FEED. 0.53620 YFEED= 0.81869 HFEFD= 0.11362550E 06 TFEED=-309.94897 



TOP 

AIR PLANTSECON0 CrILUMNABSORBER SECTION 

STAGE. TEMPERATURE 
PEGREE$ F 

PRESSURP 
PSIA 

LIQUID RATE 
MOLES/HR, 

VAPOR RATE 
MOLES/HR. 

X(CQMP4.1) Y(COMP,1) 

AE4c 290454301 20409999 20.45505 54,94234 0,01000 0.01000 
2-- _72-911.19000 20.,00000 75,39738 54.33238 001000 0.03935 

..... 7,..0211650.4 19,89999 74.78745 53,28462 0.03132 0.11564 
_4. .1295.7.8.4U 19,79999 73.73965 52$19554 0,08634 0.27535 
5 ,300,73657 19,69.9.98 72.65059 52,27937 0,20064 0,49992 

-305175342 19.59998 72,73444 53,44038 0,36214 0,69116 
7 ,309,05981 19,49997 73,89543 54,31499 0.50260 ►.79817 
8 r.1..1061.04 19,39996 36.06630 66,58156 0,63228 0086998 
9 -313.64771 19.29996 37003658 67,30399 0,75947 002-441 
19 ..315,10003 19.19995 37,83922 68.15723 0,85873 005912 
11 731,507559 19,09995 38.61220 68.33130 0,92132 0.97832 
12 .73.16,4.0704 18,99994 38.78647 68,53201 0.95531 0098800 
13 -316,75000 .171 4189993 38,98763 68074455 0,97244 009269 



REYISED VALVES BASED UN TRUE PRESSURE PROFTLE 

TRIAL NUMBER 2 
THE FEED IS INTRODUCED EIETwEFN STAGES 7 AND 8 

INPUT .DATA USED IN CALCULATIONS 

FEED RATE XF(1) XB(],) DIST,RATE DIST,SPLIT ZD(t) 
MOLS/HOUR MILS/HOUR 

50,00003 ,600024 .010000 30,10327 0,00000 ,990000 

FLASHED FEED 

THORACTION FEED VAPORIZED= 0,2238 

-XFEEDIR Q,536R6 YFEED= 001915 HFEED 00,1304594E TUED!7_309,74146. 



AIR PLANT--•SECOND COLUMN---ABSnR8ER SECTION 

STAGE TEMPERATURE PRESSURE 1401.40 RATE VAPOR RATE XtCOMP,1! YtCOMP,1) 
DEGREES F . PS1A MOLES/HR, MOLES/HR, 

____RUi._ r.092543.01 _ .___ 20..099.9 . 20.45482 54,94257 0,01000 0,01000 
2 ...2914,19800 20900000 75.39738 54,33247 0,01000 '003935 

__ 3 •729?1.§.154_54_. __VW-39999 74.78729 53,28482 0,03132 );11564 .  .   
4 ,P.20_, 78MB_ . . _ 19.79992 _ _ ..7L,7364 52,1.9566 0,08634 0,2t$36 
5 ,-300,7302_ 19,69998 72,65048 52,27979 0,20064 0,49992 . 
6 ,,305c75342_ 19,59998_ _ 7.2. 03460 53,1_0,037 _ 0,36214 0,69116 
7 -309,06006 19.49997 73,89519 54,41493 0,50261 0;19816 
8 -311,56177 19.39996 36,05775 66.58514 0.63232 0.816-0 
9 e.313,64819 19,29996 37,03995 67,38974 0,75951 0,9-P4T- 

LI_ ..315.10132 19.19995 37084465 68,15680 0,85877 - 0605916 
__1I_ _. _n311.0760_ .____19.099” _ _____ 3.8051174 60,33745 0,92136 0,97832 

/2 ..316,46729 18,99994 38,79172 68,53700 0,95533 0-04-800 
.TOP_Ia ,31k,75024 18,89993 38,99133 68,75125 0,97246 0,99270 

PRESSURE.VARIATIONS HAVE BEEN DAMPED ___________ 



...... .. _...._.... ._._ ..... _ 

YRIA1, .ovEAHEA0 FEED OVERHEAD FEeD . cooEhls.ER Dime(1) REBOILER DUTY(2) 
---- ._ .__ ..R.E.QUIR. ACTUAL 

.....1 ..._ .... _ _ 36..;Q231470 39.046.6.00. 0,2113566E 06 0;2113566E 06. 
- 3 . __ _ 3_0.0231470 33.929473o_ 0,2113566E 06 0,1985559E 06 

4.  __ ___ ..._.... ._... .361/0231470 36,3501890_ . ,_ .. 0.2113566E 06 0,204.2268E. 06. 



__ ___ 
____ . ____ ______. ____ THE___$ECOW TOWER LS..-INDEPENDENTLY cOSEo 

_ __ _ _  
— 8888 .111E.FEED is INTRoptlap.BETwfN STAGES 7. AMP 8 

. . _ _. .. . . 
ST_A_G.E_ TEMPERATURE PRESSURE LIQUID. RATE VAPOR RATE x(comp e l) v(tbmp.1) 

0fGREE$_ F PS1A PWLES/HR. MOLES/HR. 

_ ._ _R_E8 c •qa0.13_11301. 24.09.999 20..45482 5209912 0.01000 0..01000 
-291411800 2000000 72,85394 51178123 6,01000 6.637915--  

3 -212.A.121/45 0 199999 72.23605 50.74197 0.03104 0.11T-46-9-  " 
4 -295,69775 0.79999 71 ,19678 49,62656 0.08461 0.27100 
5 f.300,_52_41.7 19.69998 70.08138 49.79440 0_.19482 0.49085 8888_   _ ___ ___ .__ 88 88 
6 -30505898 19,59999 76.24922 8888. 50.69958 0,35084 ,I.69068 
7 —308.75b14..___ 19,49997 71,15440 44,67940 0.48788 0,7-486 -- 
8 ..310,17188 19.39996 26.32222 56,22177 0.55478 0.82949 

,,311 62891 19,29996 26,67657 63,86600 0;63122 -- 6;440-43 ' 
10 .,313089D, -- 19.19995 34,32079 64,74648 0,74974 9,92065 

..__....._ -1.1 .315.02808 19.09995 35,20129 65..28133 0.84691.  0195926 
___Ig -_1150.333 ____. ...15499.99A._____ ._”,730_ . 65_ _..503 .91124 .. 9.97534 10 .  . _ _ _ 0 _.   

_ _______ TOP 13______'•316.'1.46Z_89 1.0_099-93 35,96489 65.,B9,551. 0,94808 0,98597 
.....m.....,...,,,,, --- , -- __EUTaiLEX,AAIANCLIAIIM01441_  

jelp_PITHAV_Yf_P/.1.00.900 26 _ RERP.I.LER DUTY.!; 0,20422675E 06 REFLUX ENTHALPY: 0.52586.332E 15 
__ _. _ _ __. _ _ _  
______ _________ ___________ TOTAL .01MALPY. 0_1_007050744E 06 

_ BnTT0M5.5MT.HALPY_0.1047.694E 06_ TOP PRO0UCT ENTHALPY 0,2655691E 06 

_ ._...._ ___ ___ 
TOTAL ENTHALPY 00 = 0,37064606E 06  

TUWEELAUUUEa.IWO_IS-CUWELEIE- e 



----- ____clawmw-uumaEg__,1g===.1:eaogLEo-wwwaga-„I  

FEEILRAT.C.T.Xf111_ . DIST4PLIT 41)(1) _ 
AOLVHOUR MOLS/HOUR 

 1Q0,0000.0. .A.19.000____.4..610000._ 40464064 0.00000 4900000 

PRESSURE DROPiSTAGEz0.10.01).__ CL;ND E NSER PRESSURE OR0P=043000 RUIDILER PRESSURE DROP=0000 

B_UBILE POINT FEED__ _ 

_ _THE_FRAGTION FEED VAPORtIED= 0,0000 

XF_t00,=. 0,79000 YFEEO= 0,90603 HFEED= 0,22169163E 06 TFEED=-286,97925 

MINIMUM .REFLUX F. 0463740 REFLUX RATIO: 0,92482 

THE_ERACTIDSLOSTILLATE VAPORIZED= 0,0007 

TEMPERATPRE$.---0EGREE$ FAHRENHEIT 

TOP. - --- ___.._.... _.....ikatian. FEED CON0ENSER 

14891.07944 ..!7205.69670 ,26/9792 -00a1600.. 

PRESSURESr--PSIA 

PTnr= 73,80000 PROTTOml! 7409999 



FIRST_PL51-7..ALTERAINATIUN NUM0ER AF STAGES 

__RECTLFKING_SECTION___ 

__MOE_ __TEMPERATURE__ LIQUID RATE VAP9R RATE PRESSURE 
DERff5 F. . MOLEVHR.._. . MOLES/HR, PSTA 

C4N0* •q.901.21606 48,04464. 9.00000, .73,50000 
.7.2.89_07%44_ _44,00984. . 91,64000 . 73,80900 

2 44.2In4 93,44917. 71,89999 
3 . 77 288 454297 41,99583 92,91791 73,99996 
4 ••287.91943 43. 56161 92104436 74,09998 
5 ..287,30054 43,22647 92,21024 74,19997 

THE.  NE..T VAPOR ENTERING THE RECTIFYING SECTION !S 91,67506 

.STAGE _ X (1. ) 1(1). 

0,9505087 _ 9,9799910 
0,4172151 .. .Q.0,656568 
0 0616059 0,,500753 

4 0,8453479 0,9332690 
5 0019548.2 9,9163834 

THE NI.gtER [IF STASES IN. IH.E. RECTIFYING SECTION ARE 5 _ 



. ..___ST.111PP NG.. _S_EC T 

E VAPOR RATE PRESSURE.__- .  
F MOLES/HR, MOLES/HR, PSIA 

. _ . . 
_ T2.6.6 $7602.5.__ 1.4.2 962903 91,90302 74,29997 

. 7 2,._28 0_2139 . .... 141 , 0641. 91,27766 74.39998 

51.35116 89.71275 76.4999g 

THE...NET...LIQUID ENTERING., T_HE S.TRIPPINP. IS 143,25438 

STAGE X(I) . YU) 

6 0,7813491 0,9.016141 
7 0,7365482 0,1777458 

REB,. 020100000 0.8089840_ 

.N.U.MB.ER. OF. STAGES IN THE STRIPPING SECTION . ARE 3 

. . . . . . 

. OF __STAG_E S N ARE . .0 . . 

_ . . . 
PASS MVPIRER 1 IS EOMPLETF ........_ . 



. .....REVISfO.VALuEl_BASED_ON TRUE PRESSURE PROFILE 

kU.B.1.3LE POINT FEED 

.. THE FRACTION FEED vApoRIZED= 0.0000 

X.FEEDri. 0.79000 YFEE0= 000603 HFEELT, o.22166063E of) TFEED= -286,99609 

 RifLUX * RFFLux RGTIO= 0,924R7 

THE fAACTION__DISTILLATE VAPORIZED= 0,0007 

TEMPERATYRf$.7-Pk!.AFFS FAHRENHEIT . 

___________ FEED._ . . 

fr2_85 • 92139. . r128_649960 9... . . . . . ..._...... . . 

_ . _ . 

7_100000_  ___113c).TTQH: 7.4.099§9  



PASS t",IUM$ER 2. . .. ____._____._..._ ___ _____ _ . .. 
_ . __ . ... . _ .. . ... .... .... ___ . .... 

____THE  VALUE  CLE 1._KE RE ELLI.A. RAT  1.) a 0 '92_487 

________STA_OE____ _____TEMPI.R.ATUJI.E ..... 1 I QV I.D_R A T.E. . .VAPOR RATE.. _ .. ._ . PRESS.PRE 
12i.fifiE.E_S... F ....— .._...... tin_L.E $ it'.18....._.. _ .._. MOILE $.07111 ..,...... ... . . PSIA 

___ . ..... _ . .... . _.... .. ....._ .... 

C0114_0_s_ ..2_20_,21.60.6_ 93.642.41. 0.00000 7300000 
I __. _...r28.9..679.44. . 44180200 .. 93.64241 73.80000 
2 ...289 a27.45. 44 4.29147 9.3,45053 73089999 
3 -2_R8,. 54297 43 0.99529 92.94026 73,99998 
4 91943 ,287 43,56296 92,64397 .. 0._ _ _ _ . 74,09998 
5 ..287030054 43.22844 97.21156 74.19997 
6 ,2860 7.1509 42,89503 91,87708 74,29996 
7 -286.s18848... 1.410 75359 ....... _91.54105 74.39995 

RE.8...... ...€1._ ... ... .r2_84.e.36.206_ 31.30.36 ._ . . 90.40222 74,49994 

.STAG.E____. ....AU,__.__ .. _.... . .. . V 1.1 ) _. 

________L .____ ..._...0..._95050.86__ ......_ 0 iv_97999Q8... 
__ .._. 2_ .____. .......5l,.9.172.24.0.___ . _ ..0.965_0506__ 

_ _____. ___.3.... ____ ___0_11_881.609.L__ . __ 01,1QQ.7.88. _. ...._ 
4 0,1453496 01932709 _ ..... . _ .._ . . .._.. ... 

—__... 5_. _ .____. _ _ __()_t_0.1.0_5.1.t.6.0 0.9.16383i 
_0.13787.6_6_4_ 0.0002675 

7 Q051182_0 0.8857015 

RE B.A.. 8 0_!45688Q6 0,8313727 
..._............ _... . ______ .._. _ _ . ._ ...___ . . .. . 

EASS LUMBER 2.-1S COMELETE  



FLASL ._REf LUX_..fi A LW ..BOTTOML...0 CIMEA . 

_ 
4 . 11.0.17 

6324.0.A3.... 



FLNAL CONNERUNCE_ACHIEvEP ON QTTQMS _ _. omPOITInN ---TOWER NUMBER  

____ _ _iii.E_ _F_E.ED__ LS_ LNT.R.O.D.Ut.E.D_ B_E_TWIE.N. ITAG.E.1 6___ ANQ_ 7 

— --- — 
RHIDH= 1,01736 

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

SIASLE____ TEMPERAILIR_E...._ __PRESS.P.RE LIAO D RATE VAPOR RATE X(COMP.1) Y(COMP.1)... 
psiA MQLES/NR, MOLES/HR. 

------ ------ - -- •-- • ••••--- ---- — - •••• - — • • • •• •-• - ••••• 
------ 
__ _ .01Nlaim_ 7290.21606_ __ _73.50000 48,64864 041_0000° 0,97999 0,99205 

1 -.289•67944 73.80000 47,62366 96,63976 0.95051 0,97999 
2 ,289c12134_ _ 73,09999 47.16379 96,27255 0.91619 0,96541 

_ 3 -288,48999 73,99998 46,78523 95,81218 0.87831 004858 ._... 
4 „.287,81034..  ... _ 74,09998 46.31546 95,43393 0,03878 0:93014 
5 2.87111965_____ 74,19997 45.83182 94'96405 0,80002 0,91112 
6 ,25'.4580. 1 _ 74.'29996 45.46831 94,48053 0.76429 0.89269 

_ ___...... .7....._ ___ .-2.0.1055.7.1. ........... 7.4,3'095_ 143.71130 944100 0,73298 . 0,87578 
.104--11-----.--.:21.16iD2111-------244922 51.435136 224.36004 .„, o“.,09.9.5 

-------- ---- -- • .... . .._.. .. ___ .. . . 
EULLIALEY-aALAOCE-atIULU441- _ ___ ___ _ • ....... .. _._ ____ 

FEEP ENTHALPY! 0,2210600E 06 REVITLER DUTY= 0,20419519E 06 

TOTAL ENTHALPY IN. E_0.42585581E 06 

17_11 'T.1 0.A fii . ENTHAIJIY F. 0,10510550F. 06  _4(1173.M$ ENTHALPY = 1,11461031E 16 CONDENSER DUTY ;1+,0.20394000E 06 

__ TOTAL ENTHALPY 00 = 0.47565581E 06 

TOWER NUMBER 1 Ts ComPLETE 



PROBLEM NUMBER $ 

_ INPUT DATA USED IN CALCULATIONS .  

TEED.RATE _ XF(1) XB(1) DIST.RATE DIST.SPLIT Zr(1)  
MOLS/HOOR mCLS/HOVR  

51,33115_ .609954 .010000 31.43719 0.00000 9990000 

_PRESWRE OF0P/STAGE=0.1000 .CONDENW PRESSURE DRDP=0.1000 REROILER P-RESSURE DROP:0,1000 

FLASHED FEED 

_F.A4CTION FEED VAPOR/ZED! 0.2261 

. YFEEOF 0.8250 HFEED= 0.11660025E 06 TFEED=-309.98218 



...._.... .. _ .. _ .. ..  

___ ..______. ._....__ __ __. ___ _ AIR PLANT---SECOND CO‘PMN.7...A0SOR8F0 SECTION_ 

_____STA.G.E..._ .... __TEA P E ft A T OR E _. PRESSURE LIQUID RATE VAPOR .RATE. xccomP.1) Ytcrimp,i) 
.___ ________. ___PEPREfS.F __ _____PSIA _ MnLES/HR, MPLESIHR,  

_ ____ RAH, ^290,50301 .20.09999 29_1145711 52,29456 0,01000 0.01000 
2 ."291.19000 2000000 . 72675166 51.60051 0,01000 0.03935 ____ 
3 .•292,63672 19.89999 72,14561 50,66341 0.03103 0,11-465—  
4 !,.295,09.4.50. __ _19,79999 .. 71,.12050 49.54535 0.08455 0.27004 . .__    

-300*3i660 _ _. _190_9998_ . _ .70000246 . 49.69952 0,19462 . 0,49053 
6 —,44775. 19,59998 70,15663 50.60262 0.35041 0,68027 
7 7.398.74414 19,49997 71,05972 51,48041 0.48731 0.78824 
A -310,04692 19.39996 32,19862 63,77982 0.59143 0,84945 
9 "412,76953 19,29996 32,00557 64.68266 0,70123 0690107 

10 ,314•16401 19.19995 33,70835 65,23837 0,80401 0,94070 
11 -.315.46899 19.09995 34,34436 65.70796 0,08085 0,96612 
12_ 7316,15094 10.99994 34.81355 65.95804 0.929b4 0,98073 

._._ 13. ,316,57124 10.09993 35,06271 66,23790 0.95730 0,98857 
TOP .1!_t —3002_983 18.79993 35934328 66,30322 0.97226 0,99264. 



_ _ REVISED VA_L9ES BASED P TR14.  F.RESSUE PROFILE 

TRIAL NUMBER 2 
THE FEED IS INTRODUCED BETWEEN STAGES 7 AND 8 

INPUT DATA USED IN CALCULATIONS 

__FEED _RATE. ...XF.(1.L_. X8 _ DIST. SP L IT znci) 
. MDLS /HOUR 

."099:574 31_l43718 0,00000 .990000 

_ 5 E E D 

THE__FRACT.I.IIN FEED VAPORIZED, 0.2257 

LEDs 0...3 4_723 YFE.E.Ozt 016.2519 HFEED= 0, I1659838E 0b TFEED=-309.94116 





tik141, OVERHEAD FEED OVERHEAD FEED CriNDENSER DUTY(1) kEiolLEDUTY1-2) _ 
K.EQVI810 ACTUAL 

35.0033720 35,4070580 .0.2039..400E 06 0.2039.10. 06 



------------ ------- 
___________________ _..IHE SELDND.TOWER IS IN0EPFN0ENTLY CLOSED. 

- .__________ THE  FEED__LS_INTBODUCID BETWEEN STAGES 7. ANA 8 
. 

_____S_TAGE..__TIMP_ERLTURE ....___ PREISYRE . _........ LIVID RATE VAPQR RATE X(COMP,1) Y(COMP,1)_ 
_________ ___ 9.EGR_ES_F ._ ______MA._ __. ._11P1J$,HR, WILES/HR.  

______KE________f2,9000301 20_,..O.2_999 20.45718 _ 52.0.9448 oopoo 0olA00  
-291119800 24,0004 72,75166 51•68848 0.41404 4,43935_ __. _0_ 

3 -292_03672_ .19019999 72.14566 .   54,66336  0,03103 _441465_ 
4 ,29509458 19.79999 7142456 49,54538 4,08455 o.i/oe4 

-344151636 19,69998  74,40256 49,69934 0.19462 0,44453 
6 _.-305.1_44775_ 19.59998 74.15652 50..64252 4,35041 . 4'68028 
7 .-348,744.14 .19.,_49997 71.05971 51.50160 4,48731 0,78025 
8 -.314,84668 19.39996 32.19557 63,77882 4,59142 4.84945 

_._ 9 ..3_12_ .76953 _ 129996 32.88469 64,68185 0,70123 0,94147 _____ 9,  
_ LP_ __ . -7314,36426 . 19,19995 33,78783 . 65.23860 0.80401 0.94069 
__II -315,46899 .. 1901995_ .... 1.4*.3.44. 56. 65,71259 0,08484 0,96610 
____ 1.3.._ _ . _ -316•15009_ . 10,99994 34,81844 65,95798 0,92962 0,98472 
.,_ _, LA _-116,573 0 18•89993 35,06387 66,23743 0,95736 0,98856  

__toll 14..... _____....7-11602919_. _ .10,79991. ...35.34352 66,30034 0,97224 0.9.92 
..i.NIWALEX 4.41.1-A0g.4a1U411441. . ....... .. 

. FIER gil.THAL,....9:11§.0.1_,!”1E 9.6 . .. REPUILER . 9uTy!7 0.A.20194000E 06 REFLUX ENTHALPY= 0,50925895E r)5 

TOTAL . EMPIALPY IN a 0,17147619E. 06 

77otiffbms.i0144LPY .Q.10500946E. 9,6 TOP PRODUCT ENTHALPY 0,26657800E 06 

TOTAL ENTHALPY OUT ..a 0,37166706E 06 

TUWEBAUUdER-/WO-IS-CULIELEIE- 



FINAL CONVERGENCE HAS BEEN ACHIEVED FOR ROTH TOWERS  



. • - ---- eauaLEm_uutitiEe-,-,11  

•— — 
F.EED Xf.(1 Xfa (.1 ) DIST,RATE 1D ( ) 

 

MOL5/HOUR MM/HIM 

1790000 .610000 4(404804 0.00000 ,98Q000 

P  STAGE =0 ',ION) CONDENSER  PRESSURE pROP =0,3000 RERO LER PRESSURE DROP=00.000 

BUBBLE. PUINT FEED 

.THE N. FEED ..VAPORIZED= 0,0002 
. _ 

7.8998 YFEED= 0,90602 HFEEDs 0•22171,769E 06 TFEED=••286,97900 

MINIMUM REFLUX Ot63.751 REFLUX RATIn= 0,92/06 

..THE. FRACTION DISTILLATE VAPORIZED.F 0,0007 
.. . 

TEMPERATURES•-••••OEGREES FAHRENHEIT . . _ . 

TC.)P 130.TraM FEED __ . CONDENSER 

_ ,28b1 97900 .-290,21606 

PRE$SURES--r-P5.14 

PTOP= 7.3,89000 PaornmF__ 74, 89999 



QF NUMBER OF STAGES 

RECTIFYING SECTION 

• • • • • • •• .... STAGE_ .. TEMP.ERATURE . LIQUID RATE VAPOR. RATE . PRESSURE 
_QEGREES F MOLES/HR, MOLES/HR, PSIA 

COND. . 29.0121606 .... 48,64864. 0.00000 73.50000 
,28007944. .4400200 93.64157 73.80000 

- 
44,29053 93,45053 7.3,89999 

3 .208.04291 43,99449 92,93924 73,99998 
4 ..287•91943 43,56206 92,64325 74,09998 
5 .257.30054._______ 44..22775► 92.21059 

iiiiiiiiiiiiakIENTERING_THE_RECTJfYING_SECTION.IS 91.87637_  

...1( Y (1) 

1 0,9_50501/6 0_.97999Q8.. 
.._ 01965 66 

01.01k16094 _ . 0,9509791 
_00453500 

0,0105488 0,9163841 

NPilfER OF STAGES IFYING SECTION ARE 5 



STRIPPING _SECTION 

L lg.() /D. _RATE_ VAPOR RATE PRESSURE 
DERE _F . . Min ES /.113 1 MOLES/HR, PSIA 

. 142261.010 91.89395 74,29997 
7 ••'2850.2.1.14 141.05507 91.26672 74.39998 

a  8 •-•283c4Q.301.._ _ 89.70370 74,49996 

__THE _NEI .1.LQ.U.ID..ENTERING .TEE STRIPPING_ SECTION 15 143.24532 

( 1 ) 

01781343Q 00015993 
7 01 7365435   0. 8 7 77 49 4 

0.1_6100200 00009840 

.fAGES IN THE STRIPPING SECTION ARE 

THE TOTAL NUMBER OF STAGES IN TOWER ARE 8 

IS_,COMP E TE 



....___REY_ISED__VALUE_S BASF D UN TRUE PRESSURE PROFILE 

SUBBL/ _ _ _ _ _    _ 

THE FRACTION.  FEED VAPOPIZED= 00000 

0279000 YFEED= 0,90603 HFEED= 0,22166063E 06 TrEED=286,99609 

E F RATIO= 

-• • •• -••• ••-- - -••- • •••-• 
THE_FRALS. IDN__D I ST. DA AT.E. VAPOR ILO): 0,0007 

I.E_MP.ERATURE57,..-DEGREE5.. FAHRENME I T 

MP_ 111.1.TTOd___ . __FEE D. .CONDEN.S ER _ 

...2280.2.9900?. 2006 
. . . . 

. ppEsSuRES—PSTA 

lit05= .41000 Paurram= 74,39999 



_ ___. _____ _PASS NVMUR .2 _ ... 

___________1141  VALUE Of_ ..THE REFLUX_ RA31.0= .0.92487 

_ _STAO.E_ tEmPERATURE_ . LIQUID_RATE_ VAPQR RATE _ PRESSURE.. 
____________ .__P.E.O_REES___E. ...... mOLEVHAs_. _ mOLE5/HR, _______PSIA__ _. 

....._CIAQ,_ m2.96021606 93044241 0,00000 71050000 

.____ __I__ __ .n219.009.44_ .._._. _44100200 _ 91.44241 7.3.8000° 
-... _____2_____ ...^2.89A13.745.______. 44J/2.9147 93,45053 73,89999 
_______ 1._____ __.!.280.012.97 _ . .43t9.”29 92.94026 73..99998 

4 _ .71.8.7.1291943 ..._____ 43.0;6 92.64397 74,09998 ______________ . _ .  
A_ ..287,3005111_ .41,22844 92121156 74.19997 
6 ...286,71509 42,89503 91,87708 74.129996 
7 28648840 141.75359 91,54105 74.39995 

ilEfelki — 

-. 

"1..000.20.6._ 51.35136 90,40222 74,49994 

STAGE_ .. X(i) _. . Y(1) 
_ . 
____ 1... _____ . 049.5050p6 0,97999Q, 

2 0_10172240 0'9658566  
3 0,8816091 0.050.9788 
4 0L.. 8453496. ..... 0.9 . 0332709 __ .. _ . . . . . . .. 

5 0181054.00._ _ . P016383.?... _. . 
6 0.7787664 01.9002675_ _ ...... 
7 0.7511820 0.885700 _ 

REB, R 0.6568806 0030721 

E445.ALMUR ,2 IS CU:al-LIE  



__RA55____REFLIA RATIO  flierT(IMS COmP, 

3   (103239 110_1±13Z11 
11.53.5008 
_OAW4053 



FINAL CONVERGENCE ACHIEVED ON 8OTTOMS COMPOS 1T I ON. ---TOWER NUMBER 1    

-.....--_______________ ____________THE__ F E E D__.I.S. _ 1.RTRODU.0 ED__B.E TW.E EN STAGES .6- AND 7 

....._ . _ . . _ .... R1,010. 0.083239 . RF 0,98640 RH1GHx 1,01736 

TERFERATURE_ PRESSURE 1, TOUT 0 RATE VAPOR RATE X ( (nMP 9 1 ) Y ( COMP ip.1) 
____. ... .._.... .... DEGREES .F ....... ...... PSIA. _ MO( ES /HR , MOLES/HR. 

_ .._C DNA&  .._ _ _r29DA2160.6 ___ _._ _73,5000 48064064 0.0000.0, 99205 0.97999 0 II - 
1_ -289167944 71,00000 47,62366 . 96,63976. 0.95051 0,97999 

..2591 12114 73,89999 47.16379 96,27255 0,91619 0.96541 
3 f.288,48999 73,9999R 460 78523 95081218 0,87531 004058 
4 r28748.103Q _ ._. 7409998 46031546 95,43393 0,83878 0.93014 
. 7287,11961 74'19997 45,83182 94.96405 0,80002 0.9142 
6 -286,45801. . 74,29996 45.46831 94,48053 0,76429 0,89269 

. __ .. 7._ ,285,55571.. 74,39995 143,71130 94,11440 0073298 0,8757R 
8,E8.--.0.- -253440210 7444222i 51435136 22436002  0,60995 0,80135 

_ _ . __ _ __ _ _ __ ... EUIUALEX-9ALAWCE-IBIUida.1_ 
________ MEP .ENTHALPY= 0..2210063E  06 REBOILER DUTY= 0,20419519E 06 . 

_TOTAL _ ERTHALPY IN_ : 0.41.42585581E 06 

__..0.15.17TIAATE ENTHAVA = 91110530550F 06 BOTTOMS ENTHALPY = 0,11661031E 06 CONDENSER DUTY ir0.20.394000_06_ 

TOTAL ENTHALPY OUT = 0,42585581E 06 

TOWER NuMpER 1 IS COMPLETE  



„cuLumu_aumami__,Z PRORLEm NUMBER I 

INPUT DATA OFF) IN CALCULATIONS 
_ . 

FEEL) RATE XF(1) DIST,RATE DIST,SPLIT zn(1) 

MoLSMOVR M['LS/HOUR 

51O5136 ,609954 1010000 . 31943719 0,00000 ,990000 

PRk4SVE clIW/5TP.r..0,1.020 CONDE NSER PRESSURE: OR0P=0,3000 RE4OILER PRESSURE DRUP:Q.100D 

....M.LIRACTION FEED NAPDRIZEDB 0.2 2265 

1111 HFEED.= 0,11.659 75E 06 



1 
AIR PLANT---SECOND COLUMNA8SORBER SECTION 

__ STAGE. TEMPERATURE. PRESSURE. LIQUID RATE VAPOR RATE. X(OMP,1) Y(COMP.1) 
DEGREES .F . _. . PSIA ___. MOLES/HR..... MOLES/FIR,  

REB. ".290.08.301. 20,09999 . 20,45718 52,29448 0,01000 0,01000 
__ _ ,-2911.1.900 _20_000000 72.75166 51A68848 

__ • __ 
_2,_ 0,01000 oe03935 

..222463672 19,89999 72,14566 50,66336 0,03103 0,11465 
A !T29.5t_69458_ 1909999 71,12056 49'54538 0.08455 0,27084 
5 .7!30.0.01.63-6...____ _ ... ___1916.9998 ____ ____ 79000256 49,69934 ...... _. . 0,19462 0,49053 
6 -.305,44775_ 19,59998  79,1,652 .50,00252 0,35041 0,66028 
7 ..308.74414 19,49997 71,05971 51,45917 0,48731 0.78825 
8 ..310,84666 19.39994 32,19836 63.77678 0,59142 0,8046 
9 .r.312/3.6951... ______19_029?96. _ 3?1,8k261  

 
04*(1.992 

..r----- 0.70124 0.100108 ____________ _ _ _ • 
ID _._ 741.4_06.4.24_ ___ --..19'.19995.. _ 33.78566 0023659 0,80401 0.94069 

______ 11 7.315.44.607,_ . _ 19,09995 34.34291 65,.70615 . 0,88084 
._._ . .. _ _ 

0,96611 
12 ..,3164 15894 18.99994 34031168 65,91792. 0.92963 0.98072 
11_ _ .....-11¢'5'7.30A. 18,69993 35,06361 66.23381 . 0.95736 0.98R56 

TOP _0._ . .3.161.g_295,9.__ 18.79993 3503998 _ 46.29770 0.97225 0.99263 



_REYIIED VALUES BASED W9 TRUE. PRESSURE PROFILE 

TRIAL NUMR 2 
THE F.E_E.D I.S. INTPPYcF0 BETWEEN STAGES 7 AND 8 _ 

INPUT DATA wsiti ;N cAkcyLATIoNs 
_ . . . 

X6(1) NiTeRATE DISTASPLIT Z0.6) 
_ MOLS/HOUR 

_.:51:21315_135_  .609954—A9100()0 31,43716 9.09000 1.9,0009 

Pii0 ViP.ORILEOF_Os.2257 

XffElls, ALL5Azzi soma 0.1.12519 HFE.E0: 001659819E 06 T*FEE0*-309,94116 



AIR_PLANT.-.7=SEtONO_CO.L.UMM,---ASSORBER SECTION _ _ _ 

____ITAGI___. .TEMRIBATORE______PRESIPRE _ . LIQUID RATE VAPOR RATE , X(cOMP,1! Y(cOMP,I) 
QEGYIEF.$ E PS1A MOLES.01R,, MnLES/HR, 

_..._ _..1 .-_..__ .._=_2_9.0_0_83.01 2009999 202_45720 52,29445 0401000 0,01000 
____2________m2.114.19_13.0_0. zasoDopa .. _ 1201165_ ”s66845 0.0100Q_ _ ____01039” 

__._3_._ _ _____T.2_9111.13.6.72, 19169999 7  Z 9.1.41.65 50,66342 0,03103 0.114-05 
______I_________T2511..6.5.45.8___ .. _19,7.9999 _ .._.7.1112.002._ 49,54532 0,08455 ._ P.27084 

3-----_ .. ._!.3.0_0.01_6.1.6_. ..__ __ . .....19-.699 9.a. . 70,00250 49,69917_ . 0.14462 0,49053 
... ___ 6 _ _____.•395.4.4715... ... _ .... 1.909998. 791_1507 50,60142 00)5641 0,68028 
__ ._/__________.....10.11.1.7_4_41.4 19,49997 71.95963 51,50163. 0,48731 0.78825 

8 m.31004668 19,1 39996 32,19554 63,77888 0,59f42 0,84945 
9 r3 76953 ......_. 19,29996 32.88477  64,68240 0,70123 °,90107 ______ ____ __. 

_19 ,-3 14_1130_40.1._ 194 19995 33 17002 8. .63•2303. 0,80400 0,94069 
__AL__ _27311440171_ ____ 19.09995 .... 34,34425 65,70795 0,88083 0,94011 

.___I,2.__ __ _-.314415094 18,99994 . . 34.81401 65,95979 0,92963 0,98071 
3 -316,57300 18,69993 35,06610 66.23701 0,95736 0,98856 

Iiiii.JA_-__ 7110482”9 18,79993 35,34268 66,30185 0,97224 0.992,63 

PRESSURE VARIATIONS.HAYE BEEN DAMPED 



FEE.O. OVERHEAD FEED CONDENSER OUTY(1) REBOILER DVTY(2) 
ACTU4 

35,0025784 30407520 9.2039400E .06_.. 0.1,.2O394P9 



IBE.SECOND TOWER IS INDEPENDENTLY CLOSED 

j.H.E_EEE.Q. IS 1NTROPU4E0 .PETWEEN STAGES 7 AND 8 

STAPE_ TEMPERATURE PRESSURE LIQUID RATE VAPOR RATE XICOMP.1) Y(COMP,1)_ 
0EGRFE5 F, PSIA MOLES/HR. MOLES/HR. 

RES._ .290..5_0101. 20,09999 20.45720 52.29445 0.01000 0_.01000 
, 

____ 
2 ...291.19800 _ 20,00000 72.75165 51468845 0.01000 003935 
3 292 19,89999 72.14565 __ _____ el._ 63672 I_ _ _ _. 50.66342 0.03103 0.11465  
4_ ,295,6945a 19,79999 71,12002 49.54532 0,08455 . 0,27084 
5 r30001636 19,69998 70.00250 49.69937 0,19462 0,49053 

 6 3051.44775 19.59998 70,15657 50.60242 0,35041 0.68028 
7 .-308174414 19,49997 71.05963 51.50163 0.48731 0.78825 
8... .•'31.0t8460111 19,39996 32,19554 63.77888 0.59142 0.84145.  
9 .312,76953 19.29996 32.08477 64,68240 0.70123 0090107  

10. '.•314,30401 19,19995 33,78828 65,23633 0,80400 0.94069 
11 ..315.46875 19.09995 34,34425 65,70795 0.88083 0.96611 
12 ...116,15694 18,99994 34.81401 65.95979 0,92963 0.98071 
13 -116,57300 18,89993 35.06610 66.23701 0.95736 0.98856 

TOP 14 -316,82959 18,79993 35.34268 66,30185 0,97224 0.99263 
EUTUALEY BALAUCE LBILJetia.1  

FEED ENTHALPY= 0,11_061031E 06 RE8OILER OUTY2.1 0,20394000E 06 REFLUX ENTHALPY= 0,50928340E 05 

ENTHALPY IN x 0.37147063E 06 _ _ _ _ , _ . . ____ __. . TOTAL. _ _ 

BOTTPm5 ENTHALPY 0.10508919E 06 TOP PRODUCT ENTHALPY 0,266584/9E 06 

TOTAL. ENTHALPY PUT .. 0,37167138E 06 
_ ...-....e....,..........,.9._ .. ............. _ . ... ._,  __ _ 

-- — ---   julai_wudie_ikiJ_Is_cutieLEIE_ -- _ ____ _ , _ _ _ ___ ____ __. ___ 



FINAL CO.WERGENCE HAS SEEN ACHIEVED FOR BnTH TOWERS 

IRAN . _ . 

(t3.R.T QQ.1_1()..156 



B. Example No. 2 - Single Fractional Distillation 

Column 

The purpose of this example is to illustrate the use 

of the model in designing a single fractional distillation 

column to separate a binary mixture (benzene-toluene). Both 

this example and example three are bonus calculations since 

their solution results as a byproduct of the method used to 

calculate the Linde "Double Column" solution. The input 

data is as follows: 

(1) Select system options 

(a) Tower type code = 1 

A single column is specified. 

(b) Feed thermal code = 3 

A bubble point feed was arbitrarily chosen. 

All other feed conditions have been tried 

and verified in separate runs. 

(c) Distillate thermal code = 3 

Same as for feed above. 

(2) Tower parameters 

(a) Feed rate = 100 lb-moles/hour 

(b) Feed compositionllight key = 0.50 

(c) Reflux factor = 1.5 

The value is usually between 1 and 10. 



(d) Pressure drops--stage=0.1 psi., 

condenser=0.3 psi., reboiler=0.1 psi. 

Same values as in example number 1. 

(e) Equilibrium reference pressure=14.7 psia, 

(f) Tolerances = 10-6 and 10 

Same values as in example number 1. 

(g) Initial temperature and pressure estimate 

TOP BOTTOM  

Ti °F. 190.0 220.0 

P, psia. 14.7 16.9 

(h) Product purities, light key: 

overhead =0.98 : bottoms = 0.10 

(3) Basic data 

(a) Enthalpy data 

Enthalpy data 5 at 176°F. and 230.72°F. 

were supplied to the model in the same 

order as in example number 1. 

(b) Equilibrium data 

Vapor-liquid equilibrium data calculated 

from vapor pressure data6 were entered at 

176°F. and 230.72°F in the same order as 

in example number 1. 

5. Maxwell, J.B.,Data Book on Hydrocarbons, First Edition, 
Princeton,N.J., D. Van Nostrand Company, 1958. 

6. Perry,J.H., Chemical Envineerst Handbook, Fourth Edition 
New York: Mc Graw-Hill Book 1963, Table 13-1. 



The results of the calculation are that the number of 

stages equals 12 plus a condenser and a reboiler. The feed 

enters between stages 8 and 9, and the condenser and 

reboiler duties are approximately 1,880,000 Btu/hour each. 

The reflux ratio is 2.07455 (see attached printout). As 

before, DISTL was used to check the solution with favorable 

results. 



_coLLWLAUMBEEI__,1 PROBLEM NUMBER 'IL 

_ . _IUIAL. .CDLIDENSEtim—ALL_LUUID DISIILLAIE  

_ _ IMEUT DATA USED IN  CALCULATIONS 
. . 

FE.E.D xF(1) )(811) DISTAtRATf. DISTA$PtIT 40(1) 
____MOLSMOVR MOLS/HouR 

0.9_000(1_ .10000Q 4'.S,.4. S45 0,00000 080000 

00.PIST4qE=0„1000 CL1t9EN4R PRESSURE DRUP=0„3000 REGOILFR PRESSURE DROP-700.00o 

. . _ . ttttICMIALIISII$It 1.0):E4 %ME& 1  

_EAULURI_Um PR.ESSOE . . ENTHALPY7LIO10 ENTHALPY-VAPOR 

1112914.9 _ _.. .14,70000 .!-.14402.75300 7871,45620 

_ . _ _ 14,70000 39,96346 25.69080 

... !),7539.39.490 7759..17500 

14.70000 . 47,12720. 31.83479 



BUR, BLE .P_QINT. F.FED . _ _ . . 

• - - • - • • -- - THE 8_11C_T_IDN__ FEED_ VA P_O►R = ,0_11 0_000 

XFEED:: 0,5000Q YFEED= 0,79703_ HFEED= 0,12 832080E 07 TFEED= 202,37442 

.. MIN .REFk..W.( = 1,31846 . REF1,31.1X RATIO= 11 97769 

THE. FRA.CT ION DISTILLATE VAPORIZED: 0.0001 

ICA PIER - RE_E_S F A M R E NH E T 
_ 

 _TOF 81ITTLIB FiEll CONDENSER _ 

..._.220_,_0.000.0._ . 202...37442 175,49054 

.FITOp . . . P B__OTT3tlf. 16,09999 



RASS77.7.PETER.MUNIATION F NUM8ER OF STAGE$ . 

ELT_LEYING SECTION. - - - 

__STAGE__ TE19.Ei_kATURE.._...LLQVIq. TE VAPPR..RATE . PRESSURE 
m.pLE.V.HR, PsIA 

_175:s-4905_4 .45443451. 9.00000 ...... 14.40000 
_ __8905.740 13504966 14.0.0009. 

2 09.10 9267A _88163674 138!,91,279 14,80000 
._. 182_1.79/4_4 8102528 13-4,09134 0,90000 

. ..132e98007 15,00000 
85_,a1g19 . 131c6.7.961 15.10000. . 

6 A94_01656 84,03435 130,60725 15.20000 
________7__ _A9805598 83,38620 129,49203 15 30000 . . 

vA.PQR .ENTER.N.G.THE.RECTIFYING .5E01cm IS 128,84074 

X(1) Y(1) 

Q,90996o 099799962 . 
2 0s900618. 049607602 
3 0. 01.449672 0,9316537 
4 0.7671662 0.8911228 
5 0.6812(19 0,8406337_ 
6 0,5994257 0,7454034 
7 0,”0905.. 21.7”9.00 

THE Numaol oF STAGES IN THE .REcTiryTNp SECTION ARF 7 



STRIPPING SECTI.EIN . . 

STAGE__ T EMP  E RA TURE .1„/  QUIP RATE VAPOR RATE PRESSURE 
R E_E5 _f_ MOLES/HR. MO‘F5/HR. PSIA 

8 20S.9$.503....__... 183,67444 129.63266 16.49995 
9 129.12891 16,59996 

10 7_-..13..-47919.... 1.01 t 71710 . 128.24037 16.69997 
11 1.00.93781 127.17192 16,79997 
12 . . . 179 it 84Z97 126.39232 16.89998 

RER, 13 . .232.23511 54,54549 125.29747 16.99998 

THE _NET_LISWIQ_ENTE.RiNG THE STRIPPING SECTION IS 184,17622 

S T _ X Y(1) 
. ....... . 

8 014.840.097. 0,6922545 
9 _0,4317068 0,0462196 

.Q,3642951 0,5756449 
_ 0 , 2.8.05433_____ _ _O....4776542 . 

• .0 , /9400.3.0. .___ 00584580 
. RE/3.4_11 0,100000.0 . _.... 0.2349251 

... . . 
THE . N.V08.ER OF .$ TA.GES IN THE..STRI. PPING SECTION ARE 6 

1'1 E TOTAL NUMEieR OF STAGES IN TOWER ARE 13 

PASS NUMBER 1 IS COMPLETE 



._REVISED•---\/ALUES BASED ON. TRUE PRESSURE PROFILE .......... 
. . . . . 

BUBBLE PLIIHT FEED - - — --• - 

---764.FIRA.cfiON FEED VAPOR IZE0=',0 0 0000 

XFEED= .0.50000 YFEED= 0,70786 HFEED: 0,12734510E 07 TFEED= 200,13374 

MINIMUM REFt.UX 7- 1.30920 _ .REFJ„Wc RATIO: 1,90392 

THE_ FRAcTION DISTILLATE VAPORIZED: 0,0001 
...”41.110-4P .717t SO VI AM 

TEIIPERATLJRES---DEGREES FAHRENHEIT 

!LP 00110M FEED cuNDENSER 

1717;6..2257. 2.25.09351 200913374 175,49Q57 
. _ 

FBESSURE.S.--T.P.SIA 

7.7-7#-F_ . FOOTTLIti!.. .15,8o000 



.. . . . ._.... . .....___ . . .. . .. . ._ ...... 
___ ... . . .. .. . .. . 

PASS NUMBER 2 

THE VALVE UF THE REFLUX RAIN* 1,96392 

ii-APERATURE L !QUID RATE VAPOR RATE._ PRESSURE _ . . .. . ....._ ... ..... ____ .......... 
P.E.OkEES F MPLES./HR s_._. Mtn Si.HR, RSIA 

_... ____ .CON0s. 175.49057 134072343 0.00000 14.40000 
1 177,82260 .89,00259 134,72343 14,70000 

............... 2........................179,92345 8.8.10017 134.45793 14.80000 
3 102.78441 ..... . 87.00740_ 133.55486 14,90000 
4 106.42134 85.49516 132,46196 15.00000 

Q105 84 1.61742 131, 14963 .  
6 194.83398 03,51653 130,07191 ... ... . /5,20000 _ _ .... ._______ ___ ____. .._ _ . . . . . _ 
7__. 19.0.. f0125 02.56130 ....... 124.07098 ... _15.3.0000 
8 2.01 • '_/_45.2.1.. 82,42809 1241.01506 15,40000 
9 2._213.220 . 18 1,8102R ___.127188359 15.50090 

 .1.0 24.0...219.9.5. . .. 18006.090 ____... .127.420484 15.59.999 . 
213465213_ 1,..796866 12.6.01543 15 ,.0999-9 

.1.2 .2.1917.40.43._ 17.9 .25330 125,02295 _ 15,79999 . ... .. . 
22_5_172:311 54,54549 124,70741  

S T_A.G.E. __ X C.11 . Y(1) 

20509960 0.9799982 
2 (49069512 0m 9600005 
3 0.845?9_10 ......._. 01.9418143_ . 
4 0.767.80.0i. _ 0.0_891163 
5 74.53 ..:01.8413.970._.. _ .... .. , . 
6 01_6011286 0,7866223 

__ _ _ 
 

e 0,4808152 0 4.6911i-10 _. .... _ . _ 
9 0.4446200 0,6582447 ._ _____ . ___ ___ .... .._ .. ......_.. . ........ .. 

10 0,3782091 OA  5922993 
0.2959069 0149.86304 _ . .. ____ .... .....  

 12 0,2083721 0, 3813768-  
RE8, 13 0,1290751 0.2557716  

.._-........2.4.5_1.111,1.0.1.E.0.-...Z.US.....catieLEI.E ...  ..... ..... .._,,,,  .. .._.. ..... __ . .. . ._ .... . . 



PASS REFLUX RATIO BOTTOMS COMP, 

• 3... 1.76.753 0,2336791 
• 4 2.16031 0,0828395 

2 .4.0.3.9 7.7. 1.0793?0. 
6 2.104_8_95. 

Z 0.4.19.127Z5 
to 0 9.8 9 923 

_ 0 AID 0 474 7 
. . 10 0 2 1 4 2, 

0.410 D 21.3 



.._EIMAI.COYERGENCf ACHIEVED .0.14.BOTTPM$ __ . COMPOSITION --,-TOWER NUMBER 1. ._._ 

--------- ------- tHEJED  IS INTR000-4..ED E1:05/Ef4 itAlfs Alt AN0 9 

RLINP 1A7o751. RHIGH. 2.16031 

------ 
__STAGE T PRESSURE LIVID.. RATE VAPOR RATE X(COMP.1) y(comr.0 

PSIA MOLES/HR. MULES/HR. 

___175_09.o37_____ ._..1.40.40S.M._ 0,45451 0,00.000 0.98000 1,99202 --- 
__ 177022_01 _ 14.70000 93.95271 139,75229 0.95100 0.98000 

2 17905355 1401000 93.04195 139,40825 0.90618 
_ 

0,96045 
3  ______ _I10.00 _ _ 51._ _...14190.909_,... . ..._....911751.6.2_... !.49698 0.84243 0093041 ________ _ 

1169310. 15.0.0DPA 9008480 137,20638 0.76153 -- 0.88800 -  
_5 191t08351 154.1.0.00Q. 89.08070 135.93921 0.67197 0.83458 
6 195,54637 15.10000 87991554 134.53520 0,58650 0.77604 
7   1991_54027 15.00000 87,09859  133.37007 0.51535 c),72061 
8 202_,L15594 150_0000 86.58336 132.55310 0,46235 0,67469 

_215A.10.11/2 151.50000 185.84456 132103882 _ 0,42597 0.64055 
_LP 2.05.1_97.350 15.59999 48401569_ _._. 1311,29907 _ . _0.34957 _ __Of 561.38.  

- _ D______.____215..8780 15.69999 18309.4048 130,26993 0.26079 -4.546ifi 
12 222,15012 15.79999 181,45955 129,39510 0,17340  — . 0.128.5-7" 

11.14.13........221A46225 15,a2222 5445450 1284213B3  0,10009 3,?p446 . _       

__EULJALEY_LIALAUCE_LBIULUE1.1- 
- -.-110)-.7.E.MT)44..PY*-  0,T273451PE Q7 , . RkBORER DUTY= 0.18966280E 07 

TOTAL ENTHALPY IN = 0 0 31700790 07   

DISTIATE ENTHAOY = 0.49/434I3E Q6 BOTTOMS ENTHALPY = 0.80130600E 06 CONDENSER DUTY IP,000713390E ... 

--- - - . - TOTAL ENTHALPY 0Y = 0,31700790E 07  -- -  

TOWER. NUMBER 1 IS COMPLETE 



C. Example No. 3 - Dual Distillation Column Complex 

The purpose of this example is to illustrate the 

additional feature of the model to solve multiple column 

arrangements. Benzene and toluene are again separated, but 

the first column light component purities are set at 0.80 

distillate and 0.20 bottoms. The second columnt  which uses 

the distillate of the first column as its feed stream, 

duplicates the separation obtained in example number 2, i.e. 

0.98 distillate and 0.10 bottoms (light key composition). 

The data for the first column of the complex is the same as 

in example number 2 except that the operating pressure of the 

column is 5 psi. higher, and a dew point distillate is 

specified. The higher operating pressure is necessary for 

this column so that a pressure inversion at the feed inlet 

to the second tower is avoided. The input data to the second 

eoluMn follows the data for the first column but deletes the 

type and feed thermal codes since the former need be set only 

once, and the latter is calculated by the program. The 

distillate code for the second tower was set for a dew point 

distillate, and all the subsequent data matches the data 

supplied for example number 2. The results of the calculation 

appear on the next page. 



TOWER 1 TOWER 2  

Stages
* 

5 10 

Reflux Ratio 0.77999 1.07018 

Condenser Duty 51+7,018 575,062 
(Btu/hr.) 

Reboiler Duty 1,224,696 1,120,673 
(Btu/hr.) 

* Excluding the condenser and reboiler 

Please see the attached printout for further information. 

Both columns were checked using DISTL, with favorable 

results. 



_ ..... _ _CULUMU-UUM8E2--.17PROALEM. NVMUR_  

PAELIAll EbUDEUSEB--:OLL UAEOR DISIILLAIE.  

_DAM USEDAN.CAIOLATI(RNs 

111...FaiiRAff.:.. )(rat ii5i(1)±:DiStAKATE DIST I SRLIT ZD(1) 
ADILS/HDPIL mOis/HouR 

..1.QQ00000 _1_5(woo 2200000 49,99998 1,00000 ,800000 

PRESSURE  DROP/STAGE:Pp..100Q. CONDENSER PRESSURE OROP=0,3000 REPOILFR PRESSURE OROP=0,1000 

***IICUUSIALISItlIt MIER wumaEw  

EQUILIBRIUM PRESSURE ENTHALPY-LIQUID ENTHALPY,NAPOR 

Al 0.20149 14:70000 -14482.75100 7671.65620 

R1 ..6686167960 14.70000 39,96346 25,69080 

.A.2_ 01.49274 14,7000o -17539,39400 7759.37500 

-7463,15620 14.7000C 47.12720 31.83479 



BUBBLE PIANT. FEED 

_THE F R ALIIDR_ELED YAP QUIEDIAADDIN 

XFEED= 4115000. YFEED= 0,70170 HFEED= 0,13476670E 07 TFEED= 217•17380 

MINIMUM KfFLUX. =_________0211B737 REFLUX PAT/11= 0,73106 

TNE.. 04ffit:MI DISTILLATE VAPORIZED= 1,0000 
. . . 

- - - - - 

TEMPERATURar77(KGRFES FAHRENHEIT 

_ TOP f3DTTr.IM CONDENSER 

19_0_00000. 220.00000 217.17380_ 209,211552. . 

.19.79000 PBOTTOMil 2OAQ0.000__ _ . 



NVMBER. Of .STAGES 

RECTIFYING SECTION_ . 

.STAG1. __TEMPERATURE_ LIQUID ..RAT.E VAPOR RATE PRESSURE 
. MOLES/HR HOLES/HR, PSIA 

0.00000 49,99998 19.39999 
1 . ... . _215..0871. 36.02991 86.55287 19,70000 

THE NET VAPOR ENTERING THE RECTIFYING SECTION IS 86,02997 

-.............. Y(1) 

__0.4.5297618 0,7267326 

THE NVHBER OF STAGES IN THE RECTIFYING SECTION ARE 1 



STRJPF_ING 

TEMPERATURE_ .LIQUID RATE VAPOR RATE PRESSURE .  

DE.Pf4ES. MOLES/HR. m0LES/HR, RSIA 

2 217_,.219311 15,04994 85.94817 19.69997 
3 219.62123 135.22533 85.63994 19.79997 
4 223.386_92 134,55545 85,22581 19.89998 
5 228.85904.. 133,73505 84.55545 19.99998 

RE5..._.. 39579. 50.00002 83.73503 20.09999 
. . . 
THE _MET...LIM-40 ENTERING THE STRIPPING SECTION IS 135.94818 

. . _ . . 
.... _ 

STAGE X Y (1 ) 

0.1_4.8_9. 1.830 0...6930556 
3 ____0_16589699 

Q4599.05.03 
5 A.1066942 0 4.5050818 

_ 3704036 

....1T.AG.ES._ IN THE STRIPPING SECTION ARE 5 

___ T.QT_A.L. NUM_ ER Q_. STAGS .1.1k1 TOWER ARE 6 

. p45-4 [AMBER LIS _COMPUTE 



REVISED VALUES BASED ON TRUE PRESSURE PROFILE 

BUBBLE. POINT FEED 

THE FRACTION FEED VApaRIzEo=-o,000o 

xFEELIE_ 0.50000 YFEED= 0870146 HFEED= 0,113505580E 07 TFEED= 217 1 83864 

. _REFLUX _RATI 0= 0173366 

THE. FRAC.TION DISTILLATE VAPORIZED!: .1,0000 
adinlaslftsallIL 

- TIMPERATURES-r-DEGRiES. FA.HREN:HE IT. . . 

TOP..__._ 10.T.TO.P4 FEED _CONDENSER 

217,83864 20944185g.. . . 

PRESSURES.!---PSIA 

.... __PLOP _ t_70.0_0 P.B.OTTEN= 



PASS NUMBER 2 

_STAGE TEMPERATURE LIQUID RATE VAPOR RATE PRESSURE 
_ _ ___ _ DEGREES F MOLES /HR, M61,ES1HR, PSIA _ _ 

CILN D.,. 2094,21852 86,68300 49,99998 1909999 
Zi5P 10640 360080 86,68300 19,70000 

2 2171_967_38 36,16454 86,30386 19,79999 
3 219.11_4906_0 135,49129 86,16489 19,89998 
4 222198116 13409044 85,49135 19699997 
5 228,12146  _._ __ _ . _ _133.80042 84159035 20,09996 _.. .. . 

RI BA_ 6 234 , 87349 50,00002 83.030057 20 ,19995 

__. I C 11 

----------..—... --- . --- -- -- -- - .. - -- — . — - - -... — 
_________L________ . 329_5762_ . 0.7265821 . 

__2_ 0_1_4_6.21521 0,6862466 
3 c1.2_46c24177 Q. LL5.6.65953 

___________ . 4_ _____ ____ _0_2_40447_35_ . _ _ 91.6127251, 
5 _0239396 0 2 5253351 

MIL_ 6 __________Q.2243565 Q 2 3978894 

_ _ PASS AUMRER 2 IS COMPLETE  



aff.Lux RATIO BOTTOM.S C.QMP 

a.2134946 
Q 2119_703_ 0,11140401 

208.9265 
..._ _ 94719.3.1 _0.1975552 

11_7718_8 04.20.18718 ... 
_a_ _,..O &i15  

+••••••••••••••10...nuormoran........3:662 Lau.  



LINAi_CONYER.G.ENCE ACHIEVED MN BOTTOMS COMPOSITION ---TOWER NUMBER 1 

-- -----  _ THE—FLED II_ INTROPPCED BETWEEN STAGES 2 AND 3 

901411  011.0Q.30 Rn 0,77661 RHIGH= 0,80703 

STAGE IftiPERATURE PRESSURE LIQUID RATE VAPOR RATE X(COMP.1) Y(COMP,I) 
DEGREES F PSIA MOLES/HR. MOLES/HR. 

COND./. 209,21852 19,39999 0000000 49,99998 0,62651 0,80000 
& 215,26318 ___ _ __ _ _ 19,70000 38.41827 88.93039 0,52662 0,72416 

218,27600 19,79999 3801040. 2 88.41820 0,47647 0,68121 
3 219 0 88206 19.89998 137937163 98,10423 0,45334 0,66009 
4 223.60052 19,99997 136,54755 87.37155 0,39036 0.59832 

. 229 k43332 20,09996 135,82042 86,54761 0,30287 0950033 
RER91.4,em„,.., 23.045.353 _ 20419425 500.00002 . 85482036  0,19993 0.36281 

,EUILIALEY —UALAUCt_LBILILW11.1_ 
FEgo ENTHALPY= 0,13505580f 07. RE8OILER DUTY= 0,12322970E 07 

TOTAL ENTHALPY IN = 0,25820550E 07 

__DISTILI.ATI_ENTHALPY F 0..12932130E 07 BOTTOMS ENTHALPY n 0,74499275E 06 CONDENSER DUTY n...0,54465000E 06 

TOTAL ENTHALPY OUT ;! 0925828550E 07 

TOWER NUMBER 1. IS COMPLETE 



:_cuLutualunEa__,g PROBLEM NUMBER 3 

DOUBLF COOMM7."-DIST4LATE(1)=FEED(2) 

EAE11411.-GOUDEUSER---•ALL-11,1E011 OISTILLAIE4.  

Imaa UUMEII  ....... - 

1QUI1,IORIUM PRESSURE ENTHALPY-LIOVID ENTHALPY,NAPOR 

Al 13,2.0149 14,70000 .1,1448205300 7871,65620 

81_____r66R64.67960. 1.4,70000_ _ 39,96346 25.09000 

7759,37500 A2. 131.49274 14170000 '17,1909400 

82 ..r7463,15620 14,70000 47,12720 31.83479 



INPUT .D.ATA USED iN C.A.14UL.A7 IONS . . . . . . 

RATS. XF( X011.). . DIST.RATE DIST,SPLVT . . . . 
HP-0/HOUR 

5_0,64000 .8.00000 ,100000. 39.77271 1,00000 .980000 

_ PRESSURE DRUP/STAGEm0.1000 CONDENSER PRESSURE OROP=00000 RE8OILER PRESSURE OROP:01100/11  

SU8COOLED FEED 

_ THE FRACTION FEED VAPORIZED= 0.0000 

)(FEED= 0,80000 YFEED= 0,90828 HFEED= 0.57080150E 06 TFEED= 11301,3”” 

. . . . 

MINIMUM R.E.ELLIX = 
 

_(22_66237.. RE FLUX _ RAT 1[l= 0,99356 
 

THE ERACTION 0.1STILLATE_VAPORXZEP= 1,0000 

T.E.MPERATURES-,-PEPREES FAHRENHEIT 

T.U.P BOTTQM FEED . . _ CONP.EN.SEB . . . 

19.0.0_0000_. noloonao 100A39543 .17607759 

P_RESSURESTr..P.S. I A 

= /6...89999. 



FIRST PA5577.74ETfRMINATION  OF NUMBER OF STAGES 

RECTIFYING SECTION 

_ STAGE TEMPERATURE LIQUID RATE VAPOR RATE PRESSURE 
PEPR.ffS F MOLES/HR. MOLES/HR. PSIA 

___ .0Na. ... . . 17601759 0.00000 39.77271 14,40000 
1790.10501 39,36441 79.20910 14,70000 

2 18004701 39,08357 79.14143 14,80000 
3 10.2.0.625.5. __ 30,65033 74.85622 14.90000 

-_---4.-_...__ 114031111____. _3404421 70,42892 15,00000 

THE NfT VAPOR ENTERING THE RECTIFYING SECTION IS 70,11685 

ITAD1 X U) Y11 ) 

I 0,9174139. . _ 0_0654914. _ 
2 0.18808656_ 0,9448644_ 

0 8433629 00308600 
4 0 8074348 0.0126840 

__ __711_!!IYMBER.OF.STOES IN THE..RECTIFYINP SECTION ARE 4 



SIMPRING SECTION 

STAGE 
.._.... . .... ._. _.. . . _ . . ......_ ..... 

TEMP E R A TUAE____________LIg_UIP_ RATE__ _Y.APOR ..RATE PRESSURE 
____ _______. .____PEPRIES._.E...... ____MOLES PI R, _ .11111,EVtIA. PSIA 

— • -- ------ • - -- - 
—......_.. ...§.........__ . ._ ._191.435.066 _ ... __139,39!)136. 79..59040 16639995 

6 0308474_ 88 01200 7944708 16,49995 
7 1_98427934 871_12306 78,40471 16.59996 
8 205.18433 86,09041 77429.576 16.69997 
9 21441.8745 84 , 96010 75 486333 16.79997 

10 . - 22344.1718 84.1430 74.1E732E10 16,69998 
. „R E.3 a.. 11 232423511 10.22729 73 4 91599 16.99998 

THE NET 000I0 ENTERING THE_ STRIPPING SECTION IS 89.82590 

________SIALI____. X11_____ YI1) 
' 

5 0_082_41171 . .. .. Q..8.984956 
 6 _11.13.12_955k. S48705586 

7 QA645191.6 0,..8155196 
8 0,513791.6 11.t717327.9 
9 0 ft_3180_517.________ .._ . 0.0.095757 

10 042185255 0.3942760 
RI 3.  11 9.100000.9 0,2349251 

THE NUMBER OF STAGES IN THE STRIPPING SECTION ARE 7 

... ....THE TOT.AL,NyMBE OF STAGES IN TUWER ARE u 

._....._ . 

pASs.....RWIRER.  1 IS COMPLETE 



B AS E D. UN TRUE PRESSURE PROFILE 

. _ 
SUBCDOLE0...FIE0 

TRACTION. FEED VAPORTZEOG 0.0000 

0010000 YFEg.02 0.90778 HFEEUrs 0.57080156E Q6 TFEED= 180,39510 

REFLUX ..RATI0= 1.00519 

______THE_FRACTION_DISTILLATE VAPORIZEO: 1.0000 

TEMPERATURES—.—U5RF,E$ FAHRENHEIT 

_ .. FEED .C.ONDINSER_ 

_ 2.014R770 18.9.39543 17E.07747 

PRESSURFS--TPSIA 

PTOP= 14.70000 PBnTV.JM: 15,60000 



PASS NUMBER 2 _______. ______. ......_____ _ _____. .. . _._ 
. .... ..__. ..._... ...__.__ . . _ .. 

ThE VALUE  _Of .THE_RE11,11_1(___R ATTU = 1.005.19. _______._______________________.... 

 STASI TEMP.ERATURE. .L1V10 RATE VAPOR RATE PR ESSUP E 
........_____ ______________P.E.81.E$. E__...-. .... MOLES /HR ,._ MOLES/HR. PSTA 

..._....._... .._ 
.C_ORD_e___. _____ _ ...17_64.57147.....--r-... 79,75 ).82 39.77271 14.40000.. 

1 179.1.11221. . . 39.7878.0 79.75182 _ 3,4.70000 .. 
2 180 11_96912 39.46754 79,56053 141.80000 
3 182_190559 39.06155 79,24034 14.90000 

.. _ ___ _____4 ______ _ .. _____ .184 ..f.1218.2 .  ., 38.75809 78,83434 15,00000 
5 18-6.4.6327.1„. 38.5268/ 78.53072 15,10000 

_______ ._ 6 ______ _ __ a.58,27635.--....-_-.. 88,59364 . . 78.29874 15.o.20000 
7 191.36449 87.47702 . 78.36627 15.30000 
8 1981.94359. 86.14452 77,24968 15..40000 
9 20/., 81292. 84,77.940_ . . 75.91710 15,50000 

10 217124182 84,10313 74.54292 15,59999 
__REB.•__11 _.,--------225,. 07204 10..22729_ _ _____ 73.8754J... ____ __ 1.5 . 69999 

...... 
-STAGE 'x ( 1__) Y (1 ) 

.....____... .......__ .... _____ ..__ _ . 
______. _I_ _ _.00172238__. _ Ql9654067 

2 0,8803047 0.9486059 
!.._ 001423044 0..9303444 

4 0..8057379 0,9117733 
5 Q..7725309._ , , 0.8939947 . . . . 
6 0.7433999 0,8779156 
7 0.6619615 _ .. .0.03279324_ . . .. .. 8   

0.5349498 ... Q..7363611.  
9 0,..3792302 _ .. 0,5935447 

._.. 10 0.2335880 0,4175403 
REI. 11 . 0.1267819. .... 0,2520816 

eAS.S JLR:IaLa 2 IS—CLAELETE  



P_A_SS REFLUX BAT ICI BOTTOMS COMP, 

3 _Q1_9_0467 .0.2.018217 
4 1 it_1!3.571 0.0892121 
5 10_082 0.1088366 
6 1.07427 0.0988522 
7 1,06552 0.1014912 

_ 8 1402018 040922221-.... 



fiNAL.C.ONVERGENCE_ACHIEVED ON BOTTOMS COMPOSITION ---TOWER NUMBER 

TKE_FEED IS.. .INTRODUCED OETWEEN STAGES 5 AND 6 

RLPW! 0,90467 R= 1.07018 RHIGH= 1,10571 

STAGE TEmPERATAJRF PRESSURE LIQUID RATE VAPOR RATE X(COMP.1) Y(com8.1) 
DEGREES F PSIA MOLES/HR. MOLES/HR. 

. _ CQ.Ni0, 176,57747 14,40000 0,00000 39,77271 0.95089 0498000 
1 179,15225 14.70000 42,37041 82.33676 0.91619 0.96495 
2 181,09787 14,80000 42,04416 82,14288 0,87706 0,94709 
3 183,17255 14,90000 41,64676 81,81699 0,83575 0,92710 
4 18506540 15.00000 41.22600 81.41951 0,79514 0,90522 
5 187,26007. 15.10000 40,96257 80.99861 0.75791 0,88591 
6 189007933 15120000. 90.83267 80,73448 0,72560 0,86732 
7 193,97829. 15,30000 89,72934 80,60529 0,62753 0,80498 

.. 8 201_00391 15,40000 80.24966 79.50211 0,48573 0069539 .... 
9 210090383 15.50000 87.02844 78,02222 00 32724 0.53629 
1° 220103810 15,59999 86.52809 76,80130 0,19204 (1,35750 

A8E8._11_ .227404102_  _ 15.49222 10.22722 76.30041  0,09993 . 09.20.43. 8  

EUIWALEX_4ALANU.-447U404.1, 
FEED ENTHALPY= 0,57080156E 06 REBOILER DUTY= 0,11206730E 07 

___ .____ ___ ToTALENTHALPy IN a 0.16914740E 07 

_ DISTILLATE ENTHALPY = 0A166-3-4863E 06 80yrpms ENTHALPY = 0,14986531E 06 CONDENSER DUTY *,.0057506200E 06 
....... _. ..._. _ 

--- — ----- ----- TaTAL.ENTHALPY OUT = 001691475.0 07  

________________ __ __________ ____________ ..T.O.WERAPM0ER 2 IS COMPLETE 



APPENDIX A 

INPUT DATA SHEET 

Card No. Input Column No. 

1. Tower Configuration code(integer) 

1- Single column 

2- Two columns-bottoms(1)= 

feed(2) 

3- Two columns-distillate(1)= 

feed(2) 

4- Linde "Double Column". 

2. Feed thermal code(integer) 2 

0- Superheated feed 

1- Dew_ point feed 

2- Flashed feed 

3- Bubble point feed 

4- Subcooled feed 

3. Distillate thermal code (integer) 2 

1- All vapor distillate 

2- Liquid-vapor distillate 

3- All liquid distillate 

4- Subcooled distillate 

4. Fraction vapor distillate (optional) 1-12 

Value between (0-l)--input only 

when distillate code=2. 



Card No. 

--- 

Input Column No. 

5. A. Feed rate,lb-moles/hr. 1-12 

B. Feed composition, mole frac. 13-24 

6. Reflux factor 1-12 

Rfactor= Ractual/Rmin 

7. Pressure drops, psi. 

A. Stage pressure drop 1-12 

B. Condenser pressure drop 13-24 

C. Reboiler pressure drop 25-36 

8. Equilibrium reference pressure 1-12 

9. Tolerances 

A. Bubble-dew point component 

summations 

1-12.  

-.._„,..._ 
B. Overall bottoms composition 13-24 

10. Initial temperature and pressure 

estimates 

A. Temperature (top), °F. 1-12 

B. Pressure (top), psia 13-24 

C. Temperature (bottom), °F. 25-36 

D. Pressure (bottom), psis 37-48 



Card No. Input Column No. 

11. Product purities, light 

component 

A. Distillate composition' 1-12 

B. Bottoms composition 13-24 

12. Enthalpy data (temperature 1), 

Btu/lb-mole 

A. Temperature (1), °F. 1-12 

B. Liquid enthalpy-comp.(1) 13-24 

C. Liquid enthalpy-comp.(2) 25-36 

D. Vapor enthalpy-comp.(1) 37-48 

E. Vapor enthalpy-comp.(2) 49-56 

13. Enthalpy data (temperature 2), 

Btu/lb-mole 

A. Temperature (2), °F. 1-12 

B. Liquid enthalpy-comp.(1) 13-24 

C. Liquid enthalpy-comp.(2) 25-36 

D. Vapor enthalpy- comp.(1) 37-48 

E. Vapor enthalpy-comp.(2) 49-56 



Card No. Input Column No. 

14. Vapor-liquid equilibrium 

data (temperature 1) 

A. Temperature (1),°F. 1-12 

B. Equilibrium constant-comp.l 13-24 

C. Equilibrium constant-comp.2 25-36 

15. Vapor-liquid equilibrium 

data (temperature 2) 

A. Temperature (2),°F. 1-12 

B. Equilibrium constant-comp.l 13-24 

C. Equilibrium constant-comp.2 25-36 

16. Feed temperature,°F. (optional) 1-12 

' 

Required with a flashed, 

subcooled or superheated feed. 

17. Distillate drum temperature,°F. 1-12 
-7-, 

(optional) 

Required with a subcooled 

distillate. 

* This completes the data for tower configuration code (1). 

For a code of (2) or (3), the data for the second tower 

follows card number 17, beginning with the distillate thermal 

code card, and the feed rate,feed composition card is deleted. 

All other cards follow in the order outlined above. For a 

Linde "Double Column", the absorber data begins with the 

pressure drop card (card 7), deleting cards 1 to 6. 



APPENDIX B 
-135- 

Jnd. CC3r'5/uriPpcPRET,30n0,5nOnoJ.A..bALAN..“..._. . 
PARAK L 7 ST=YEIclonEron=YAP=Mu 
FflTRN 

PREICrAv iFbI 
Fr'VA1.,  

COmh"N Alfl, 9 (2),PCU"(?),FRATE,i,,FACTP,ple T 
rumwiN L;r7 LTA'),T101),1uT 
CUM1I1N Wq.(2.),Riii(2),Arv(2),Pkv(,) 
CUMWIN /TrAPIL/IgLyTnLP,TULLIA  
cumeinNW,kPLW A(100),Y(100),T(1.00,0ATki(100),RATEV(100) 
rqmmnOvAi:-.PLW P(100) 
cUm0 1k/LriiPLP/ ul./V,XP/YU,,-4C,OK,DISTH,bnITH,XP1,XF1/TCEFD 
COMM"NA;rNPEP/ 1CUNIO,XF071),YFEEci,HFEFD,Vy,%T 
rommnN/OrSSK/ CuNDPupREbnAOREk,T 
PIME"STLP  
PIML"STCP S( 2,3)) 

C INPUT sc.iih,! 
rE/w 529,F4PcJIb 
uPPur,  TS THE NUmpo, i.LflLEsiS TU bF SW VFU. 
TpriP70. 
TPRS=L 
TNP=r1 
INDt:Y=0 
Triverk=i 
TTRY -O 
TDP.L=0 
TcnNvmn 
PEAD 529,ITCnuE 
PEAL) 529,IFCIDF 

3175 rEAU 5?9,IPCgDF 
T0(ITUWEP.Fid.4) ("'.0 in 6i-1  
PRTNT 40r.  
PRTNT 5oAAITnWFK,IPKnb 
pRINT 567 

00 rowi7Nu 
C TDCOrtL lc A r1S4TLLATE cnoc. 

ToconE=1 Frit( Ar ALL vAnur NsTTLLATL 
TDrur,E=4 FnR A LToin,,w0)0 .  uisT“.0iF .  

r TDCu1'E=3 FOR AN ALL tiOUTD uTSTIILATF 
TOCITIE= 4 Fur A LIOUTU DISTIIAATF 

. TFCUnE j. A FEED CnUF 
rFrunc=v FUR r A S!.IPF101E.Aiu F-FE7ri— 

A b7.14 PPM EFLt1  TFcrjnE= 

TFCur,E=*4 Fr.TR A i- LAStiF0 FFP 
TECUE=3 F.r1R A buBBLE PONT FEFu.  

Fri A S98CUnLE1, FFLrj 

C TTCOr'E ic A TYPE cnor 
C ITcnDr= I FPR A STNnLi CUL0hA.N---S1iLvEn Py snREL 
C iTt.nbFm7 FuP 4 t!uRhAL unUrLF . CuLWIN-6(0-4F(7) 
C ITCrIDE=1 Fur A ,1uPf,141 UnOLF CuLly1N-0(i)=F(2) 
C ITC-Or=4 Fur-' LiNprnOW6LE OLII1N"-(1)=NIFP!X(2) 
C.  

fu To  
lul nRINT 531 

PRINT Vr  

rISPLTI=1.6 
r.j TrI 30r, 



-136- 
307 PRINT 5'37  

rRTNr Ron 
READ 510,0S-LIT 

f. DSPLTT=OvP'VT=FrACTTur VAPur nisTTLI.ATE 
(.0 Tr7  

303 PRINT 531 
r'RTNT Fwr, 
nSRLTT=u.0 
(-0 I' 1Jr; 

104 rrRTNT 534 
PRINT Ron 
nSTOT=u.0 
c-U Tr3 )c 

309 COMTINU 
TF(ITOP.Ft.2) ruin PO 

r  
C ****** rASIC RAPAMO•EP******* 

PEA!) 5n1,FRATE,XF1 
C rRATr IN LB,-MOLE/°-k. UNITS oNLY! 

"EAU 51u,RFACTR 
P16  • READ 502,DFLTAPocUM0%,0r6PU.  

PEAT) 530PPrEF 
C FRU= PErEREvCF PRES!_:.UPE FOR EouIt.T0RIllm DATA 

nELT4P=FrESSHRF nRnP/STAnE;RFACTT:REFox FACTOR--R=RFACTR*RmiN 
rompri, AHO RFhPu ARL cnNnENsER AND !(17BnIIERPRFSSURE DROPS 

C PESPPLTIvElY 

C ***** Ao. PRPSSOL SHUuLD RE ORREcSFO AS PUSITIVL 
C 'itilldrRS--,,PSIA; ALL TVeFKAPW5 IN DEWES FAHRrNHETT 

*****AVEPAC-E PRESSURF TN SPCnolD Cui.umk (nTnP+PBUT)/2. MUST 
C RE LrLS THAN CnNPOSFR PIES :F. nF FIRST CnUlpiN***** 

C  
rEAD bol,TFIL,TOLnA 

C **** InLm TOLEPWICE--BUWILF,DEW RTS.---omPUvEkli $UtiVATION=i 
C ***** InLOA=FOLFRANcE Uv CUmPOSTUI„:"---M(ILE FRACTION 

TO( H=0,0111 
REAL, 5o3rITUP,,Plni›,TROT,RBOT 
PEAL) 50i,ZPI,XR1 
RFE*Err.(PTOP+PEinT1/7. 
XTRA=XRI 
TF(ITUWEP.FQ.2) CU Tn 5696 
PIST=ERATE*(YF1-)(b1)/(7.0-Xiii) 
ROT=rRATF.-JTic",T 
ROTV2TO 

r INPUT nF kITSTC DATA. 
F-NTWLPY IMPul L ITu/10-MFILE UNITS nNLY !!! 

briek PEAL) 5P4,(TEAP(I)A4L(1,1)01-41,(2,1),UV(1,1),tly(2li),T=1.,2) 
PEAR 50,.),(TEr(1),EK(1.0).,EV(2,I),I=1,2) 

C PL VI) ri" ARr Fitt? RUTH COMPUNEMIS AT Trtir(1) AND TFMR(2): 
C !K(1) Ai r‘ FK(2.) AT Tru(i) Atin TEo(2). 
C.  
C ***** pATA PRitl uu°04**** 

TE-(iT(it7;r•F.2) In 347b 
3475 T.P.TNT 50e,   

nisTr,FPATE*(vF1-)(61)/(701-)(0) 
PuT=rRAIc-nIcT 
PUT0=6 



-137- 
RIT ;:lon 

PRINT 94' 
rRINT 40n 
oRTNT 
TF(jr*Fc.CT. 1) W1 70 2100 
PRINT 507,DELTAPAONePPAPPn 
IF(170wC,JQ.2) (11.1 Tr' 375 

CAL CULLS nF EnUILIOOm CnNSIANTS 
?2,75 no 2 1=1,2 

'A(TF0)-TE0(1)) 
MeLnii(EK(1/1)*PRF)..1.1(1.)/(TE/(1)+4((1.) 

C  
rUMTTNO 

rALCHLAFTOTI nF ENIHAI.PY CONSTANIS 
PU 3 I=1,2 
rHIAT)=CJL(1,2)-PL(ip1))/(TOF(i.)-TEMP(1)) 
AHL(T)=W(I01).-6PL(1)*(IrMP(1)+460,).... _ 
ri-0/0)=04V(Iy2)-HV(I,1))/(TOP(2)-TmP(1)) 

C DM1 TM It 
AHV(T)=hV(T.,1)-0V(I)*(TPMP(1)+460.0 

PRINT 513,ITrER 
PRINT 
PRINT .51,4 
PO 10V T=1,7 
PRINT 5V/I,t(I),PRErsAilL(I),AHV(1) 
PRINT 5160I,P(/),PRFAPHL(I),iiH4(I) 

1000 cONTTWJE: 
pRIwr !1() 
PRINT 4i 
TF(ITOWe),FQ.2) CU Tn 3375 

C  
C CA1C11AlION rF cut101IUM A0P DEFLux 
1575 TPASr=1 
C TPASC IS A VPIOAPLE TU urATRmrL CALCULATInNAL cnNTRnic• 

^FreEr=(pToP+Pbn1)/2, 
?100 CIPTTN0L 

TF(ITUYED,EQ.1) bn TO 07 
CALL OuPLE(PFEEP,XF1,TUL,TL6) 
CALL Lf7aPT(PrECO,XFisTilL,THI) 
IF(P.11-TrEFW 621,627,621 

621 TFCTIO-frEFOI 624,626,627 
6e1 TFC(PL=0 

r4.1 Tr.  .637 
62? tErlY-1.=1 

C-0 T2 .637  
64' TFCUE=4 

TP 637  
64 IFCUnE=3 

c4.1 V' 637  
627 IF- CO'L=4 

r".0 16".)7  
637 CCP!TINHL 

TF(IrCnOr:,Fw 0) (U To 6ie 
riPTTNU 
CU In (611,012,03,14),IFCu0E 

(„in ("ALL DEvirT(FFEF0,XF1,1-nL,Tr$U0n) 
C(;LL Frn.SH(TFSurU,PFEEu,XFoxFi::FD,YFL 1761 
TF(1nAFS.GT.1 1.6P•Iin'AtrK,L'1,2) un TU 610 



-138- 
cEAD 10,1FEFI) 
CU V 6..:(1 

eq, CALL Dc.W'J(PFFEu,XF1,TrL,TFuF04) 

ru Tr Azg 
617 CUOINHE 

61,2) CLITO E4 
PEAL' 510,TFEci) 
r;ti f' 6 r, 

611 CALL bilEIPLF('FFEn/XF1,TULATFRUP) 
TFEEc=T(- rtiri 
c0 6;!c 

614 ("ALL bUi.inLFC'FFEnoXF1ATLA.,TFSkip6) 
cio.L FnFtSH(TFSuPLIAPFEFofiXFI,xFECoipyq0o) 
IFWASS.GT.I .UP.ITn0FkmE0.2) TLS 61U 
r)FAU 5'30,IFEFU 
rU f^ 63n 

62' CALL FDHSH(TFEEnsPIFEniXF1,X.FFEIloYFEr) 
63n VV=((XFi-XFECL1)/(YFFU.-AFEFO))F.PAM _  

PFEEn=Vv*HVAW(YrEELI0TFEFO)+CFPATE-,VV)14-1CAvGIXO,TeEt0 
wELIn=WAT( VV)*HLAVOAFEFO,TFLFD) 
PFVAr'=VV*HvAvG(YrLEOTFLEG) 

c4.1 T^ 641 

ZITW(b/i1,6/-2/66:3,644),IFCUE 
64c T)RTNT 6,5n 

ru V' 66c 
641 rRIHT 

fn 66n 
647 nRINT 

co Tr' 66n 
641 PRINT (-15 

c0.1 In 66r) 
F,44 PRINT 6:24 
6bn CUNTINO 

nRINT 552,FRIIAP 
PRINT flur,XFFEDAYFqc,PFI:EnsTFEED 

PF CINSTANTS FnK TfiwFR 
IT-IWER.,1)=r1kATF 

'(IrTr'Wrkp2.)=Y.F1 
Itc-q-iFi6 -3)=nELIAp 

C(ITC1 0‘ER/4)=COM0PD 
IVIWFK.,5)=REBPn 

5(IV-IWER,6)=T1 REF 
5(I(F4kFRO)=TOL 
c(IrilEK,O=TOLLIA 
(IF*Fk,9)=T(IL11 
(11flWFIN,1))=TTu!' 
IT'WEK,11)=PTOn 

S(IToWFR,12):TRUT 
r:(TVIWF(,13)=PBOT 

IT'INFR,14)=ZDI 
c(IlnWFk,15)=X[11 
S(IT7.k4FR,16)7-,A(1) 
7(Ijn.F.K,17)=AW 
c(II-WFKplF)=6(1) 
c:(T1''WFit,19),3(e) 

IT"WER,2(')7,, AHL(1) 
c:(IPIWFk,21)=AHL(Z) 



S(IT'IWFrs,22)=GHL(1) 
c'(IT''!wFK,23)=bHL(2) 
c.(ITPINFR,24)= Aii'(1) 
S(IFIINFAye;),.-AHv(2) 

IrrwEr-:,26)=1-04V(1) 
:(ITflvvFR,27)7-bHv(4) 
F(IrviCK,2P)=IFLTD 
c(ITnWF1,629)m1FLrpr: 
IF(ITCP0r,Fw.4,ANU.ITOP.F.Q.2) ro Tn qe 
ripriN9 
TF(IcCruF.Fo.0 TFrunE.0.4) Gn TU 615 
CALL KFFIUY(YHA 7 U1,PON,R,TFEEiippr- EFL) 
ru f!" 

6-J5 CALL t,FFILIY(YFIA7u1,P,K,TrsoviAri-FE1) 
631! coNTTNii 

PRINT 517,PMTN,R 
rOw=0.4*R 
PHIGP=1.1*P 

C CAIG"LAIICJM Af'7 0 TM) STACE 
PCnNn=Pfril,-cnNOKI 
fW!TTNIIL 
PIST=FRATE*(IF)-Yill)/(7u1-Xe1) 
PbT=rKATF,-,FIST 
PUTV.TO 
ru Tr (51,5,53,54)ATUCUr?E 

51 !-1 V=DTST 
nL=0 
CALL 1.0= v1°T(PCUNDY101.0TCL,TCUMO) 
r.0 Tr 50 

52 nV=GTSTvISPLTT 
PL=OST-^V 
cALL FLT cH(L pLIT nnie,ZIARTCnrin) 
rd Tr! 5v 

53 nL=DTST 
rv.o 
CALL btli.IrLF(nCnr4D,71.0,TuL,Tniin) 
r.:4A Tr 50 

54 DV=0 
nL=OTST 
CALL BObnLF(DCONno7u1,TUL,TSEOnu) 
FAIL FnFFSP(TSEuOu/PCuPusLnlyAD,YD) 
TF(InAss.(J.1) Gn TO 05 
PEAU 530,TCWID 
('qi To 65 
CALL FIRSH(nniin,PCIINT',7U).0X0PYP) 

65 CWITYWE 
55,FRVAP 
Pon 

RINT 50" 
PRINT 
rIKINT 51nATTnPATPuTATFr:En,T00 
PRINT 511 
nIONT 517,PInP,VPUT 
PR TNT 

1060 c0,!TTNuE 
vYtt(Yb*(n*DicT+A)+Uv*Y0)/(u/sT+PclIST) 
t.!=1 
vm=yy 
CALL Dr'INcT(PTOP,YY,fnoi P) 



-140- 
T(N)=Tni;  
y(m),...yyir%4K(TuP/('MP.,1) 
PISTJ=PL*HlAvG(Ar',%Ohn)+6V*HVA\ir,(YupTCUNO) . . 
°C=UTz)T*HLAVG(XiiylfuNi.)4,n1FTH-niSf*(•2+1.)>WVAVr;(YYsTnP) 
rATEv(N)=DIST*(K+1.) 
n(N)=pTur! 
CONTWL .  
TF(F14SS.GT.1) TU 14UO 

r PLAT%Tb 
1 

t 1 PLATE CA,LCUATirti 1' RCTIFYING SFCT111N---(TUP 
R  

rOR.Er1=U 
CALL KTVW1(0) 
TF(xriso-vFEEn) '4v9Yd 

mRFCT=!'1-1  
^T11.10REcT+1 
1°Framt4F0-1 
vPLACE=0TFV(NRETT+i) 
nLACrl=vr'LACr 
TPLACE=1(NPErT+1) 
YPLArE=Y(HREcT4.1) 
YPLAr.E=M;4RECT+i) 
PPLArE=P(NRErT+1) 
fF(10ASS.110.1) Gn Tu 70u 

14n0 rOMITIVE 
t:IPLAcE=14E'ECT4,1 
PU 

1,190 =2.1,1PLACE 
rOFErT=0 

loou CALL KTPre(N) 
f',=tivIACE 

1.500 ruNTWE 
CALL FTP,'.0(! 1̀,YFrehvVortrVAP) 
m=N+7 
CA1.L FT,,r4NrIAXFFLI,Fi.;h0"--vVy1400 
N=M+,  
"N=14 
TF(W4-,NITTAL) 38/6,”7,1j7k' 

3o79 cLPATTWIL 
CORLrT=Kr45P0-DELTAP 
CALL FTvnieW-2,y.FEEniFfoTE-vV/HFLI,0 
no Tr 1677 

1676 rOP.ErT=0 
-113 =NTGTa-1 
P1) 1'170 !!=NN,Np 

1070 CALL STP,swN(N) 
1878 !,1=NTnTAL 

rEir.).T=krBPO-DELTAD 
CALL STP'wM(M) 

1677 cORCT=U 
PATEI(NInTAL)=FOTE-01SI 
TF(1^ASS.E0.7) (,i TU 700 
CONTTIVL 
TF(IiASS,GT.1) Lin To 1351. 
RINT 400  

7RINT 564.,TP,.SS 
ro Tm 70r. _ . . 
6 RfNT 4ur,  

41? 
131. PRINT 4,0,IPASS,n,x(mT1iAL) 

POWN) 



. 
PU . . . . _ . ....... _ 

70!7 ?UrO/R 
TF(10ASS.GF.1) un Tu 135P 
P;ONT . 
r'RINT 501  
rR1NT 5O2,TCnNfl,PATO(1),UV,PC01,J1  
nO 1n71 m=1,wInTAL  

1.u71 PrtI"T ::,20,N•T(1v),PATO.(1),EOTEv(k),n(A) 
PRINT 5o1 . . 
2RINT 541 

1^72 . t.'..1,,',10TAL 
1.02 ^kINT s4/.0.1,v(N),y(N) 

mRTNT 561 
PRINT 54(,,TpA.SS 
ro T- 

)350 PRINT 5UP,X(ATOM) . . . . . _ . . . . _ 
P-0 T1  15P 

70P romTTNIIL 
r  , . 

P111_CuLAI7ON RP139110. nUTY.  
rT'Pr.s.UT...PEeidr, . . . 
rALL el16nLE(PP,XPI,1'L,TPL71) 
PaT=r:RAir-nr.1- 
cR=OSTH+(FOIE-n15T)*PLAVG(X61,TRti..4)-Ar7En-nc 
PUTUI=Chr.'ATL-uISTj*HTAVUW11,TPEP)  
"=NR7-1;T4-1  
"M=Wi:Ci+1 
T(m)=Tnel  
YU1),-)0i1 
Y(M)=EOK(TOt:"),P11)*X(m) 
PATLI(I)=FrATE-0$r  
n(m)=PP  
rilPrT=Rr6PD-DFLTAP . . 

C t'LAT r=  TO PTATL OLCuLATinNS TN i'TRIPPI16 SECTON---(PUTTnT1 UP) 
12 ni.7.•!•4+1 

rALL 5':i3TUP(1.')  
CURe-T=u 
Tr(YPEru-''(v)) 0,13.12 

13 CUNTTiVt1 
STRIP=A-NPV-rT-1 

"TniAL=NrECT+NS1F1P 
PLACT:RATFONTUTAL-1.1)  . . 
PREV7NTUTAL . . 
J=NSTKIe 

Vi<=1  
fOn5 PXTR,'1=1.0TL(K)  

FxTR'.2=RATrv(K) 

. . 
rxTiO4=XtK) 
FXTR/k5=Y(K) 
(:XTR.°6=P(K) 
PATO(K)=RATrL(HPLV) 
'ATL"(V)=KATFV(1IPLV) . . . . . _ . 
T(K)=T(N7EV) 
v(e)=X(14"Ev) 
Y(K)=YWEv)  
P(K)=P(Nr'EV)  
l'ATEI(`IKFV)=PXT01 



PATe!("Kr7V)=TXTR1Z 
T(mkrv)mrxTRA3 
YO4RrV)=7ATI.,!_4 
Y(RI7V)=1:XTKA5 
P(RrV)=cXTRAU 
fe=K+7 
I/K=KD!..ig 
'RFV=Nne'-) 
IF(R11,-(j/2)) 10u,1005,1006 

.1006 nRINT 4Lj' 
PRINT CIF 
PRINT 41^ 
PRINT 
r'i-tiNT 561  
PRINT 5::“',TCn.ND,'L,Ovi.PONn 
no 1001 '1=1,1RECT 

1001 PRI!J 570,N,T(N),RATEL(M),KATEV(N/AP(q) 
PRINT 60',PLACEI 
r‘kii47 1 - 

0J Int)? !.(=1 A'okr-cT 

1002 PRINT 5e.'pr/Y(N),Y(N) 
PRINT 5.:',NRI=CT 
PRINT 40) 
PRINT 41.1 
nRTNT 50 

PRINT 
Pt) 1n03 ---.7,MM,NTuTAL 

1on3 PRINT c,P7,T(M),KATFL(m),RATEv(M),P(M) 
PRINT 51 

PRINT flolA PLACF

PU 

2 
17KINT C41 

1004 '..gh,NTOTAL 
1004 PRTNT 54!'","AY(M),Y(M)..  

PRINT 507 
pRTNT cA,NSTKIP 
PKIt,4T CesOinTAL 
PRINT 52,1i-A.SS 
IPASc=IOPSS+7 
POROP.It'qnTAL-2 
PfinT=FT6I+DEATAP*PIKni) 
MONT 4u^ 
PRINT 6,i 7 

TTIW=1(1) 
tbOT=T(1T(ITAt.-1) 
PFFEP=C2.*PWSTRIP):WELTAP)/2. 

Tn ?Ins) 
15n PRINT Pot 
157 TPASc=15C4,1 

Y)(Y='!(rInTAL) 
TF(IPAS.(,T.1) t,,r Tu L('1 
P=PLnlw 
ru T 1000 .  

10n1 TF(WPAh(YXX, FlATULOA,P;OHIGH -)) 1600,1^60,(1999 
19n0 nR10T 9/' 

Dk=k 
kTi0-  4v' 

PRINT linOPITOOLP 
RINT :7u^7pN71),N1-ul.  
'(TNT 7vniyiN1014,",noiTc,P 

11ni 



'RINT 
PRTkT 116̀ 3oTCONi.:3,PCUmb,01...noxP Vo 
N) 1'10 t'=1/"TOin. 

1901 PRINT 11(12,11.,T(k),P('1),RA1FON),PAT1/),X(i4),Y(m) 
PRINT 56J 
PRINT i('  
PRINT J105 
PRIkT 
TRFB=UNTOTAL) 
Y131=Y(mInTAL) 
YE31=v(NTrIAL) 
7111=Y0 
• =(SPATE-DIST)*I-II..AVtAXi?IsTF ER)  
TRE61=IM:8 
POTiy1=nTTH 
PUT1=bP1 
POTVI=P.6TV 
PR=DTSTH-OPTTm-Hr:LEU-k,iC 
PRTNT 1.1n6,Fir.EFo,4e4  
ev11,=HFPEn+6NR 
DRTNT 11n7,sumrN 
PRINT 11n8,DISTH,brlTTH,WC 
SU'lLO,T=05TH+LitlITH+AnS(4C) 
PRINT lir9,5uMOuT 
PRINT 1079,ITUWO 
THITCOUF.EQ.1) P,U tn 196' 
6'C1='!BS("C) 
TPASc=1 

'7713 TTno,PK=ITOWEP+1 
TF(ITUI4EP.F.3) ru In 19n 
PRINT st un 

PRINT 5oA,ITnwER,IpR1'iki 
PRTNT 567  
TF(F'D.6'.0) Gn TU 4nUO 

4C"j. PFEEP=(PTOP.ObnT)/2. 
rONITNU 
TF(Iou.GT,o) TU 3775 
CONTINU(-: 
-u in (.r0,72,573,74),ITCOPE 

577 PRINT 567 
r0 1'  515 

577 PRINT 'Sc ? 
• in 575 

574 PRTNT 56/4  
575 CUNFTWE 

r-0 T7  (i°0,31 75,7175,orJ),TICOn 
7375 CUI:ITTN'l 
C  
C vALvP CAtCUOTTUNS 

• Tn (1N1,610,01,610),TtCuDE 
FIV, CALL VALvE(PFEEU,TREP1,00TTHI,PuT1,1.“1TV1,V11,YPI) 

FR4.Tr=P.071+6nTV1 
yFl=rbilll*Z 14410TV1*YEt1)/FRATE 
YH1=YTRA 
TFEe'1=T10-61 
1.4 FFLr=P:utTHI 
PFIN=HrErb 
TF(ITCOur.FQ.Z) rU 12 :. 41-75 

3675 CALL VALvC(PTOP0T(;OWWISTHADL,0 x0,Y1) .  
PTLO=UL 



-144 .  

l'O=Oi*I4LAVC,(YU.pirtPu) . . . . . . 
TrzAD 
(U Tfl 1475 

0,1) CALL vACJE(I-PLFuylCumopuiSTri.,01.Anv..x0.,yo) 
rRAIr=11L4OV  
YFT=fot..*YD+v*Y0/(u1.4-nV) 
TFEE(‘=TL,'Nn 
"FEt'=-PicTI-4. 
r0 3475 . . 

C  
f"9 19 g9'19? 

174011' ?001,KLUW,PARHIGH 
TE(AYX—W1) °89upOun.,9699 

P3P8 c=RLni; 
cUlin=0,9*R 
cHIG"=1.1*P 
P=r1LnW 
TF(10A.I.LT.10 CA.J T1  

_ ruNiTkIlt _ _ . 
'fl 19C 

C1699 0p-T(4  
cLnW70.9*R 
PHIGL"=1.1*R 

TF(InAfS.LT,'U) r.0 IJ.Q 
cowiTwil 
c0 Tr 1Y' . . 

fALO'LA1TONS IN THE AvSoRbFf‘ sr(.TIrh 
9i2° nR=4'1 
Pk.7 PUT=WATE*(iLlwYFI)+KTC)*(4n1—AP))/(zni—xn1) 
921 PP=Pr'LiT+1-.1=P11   

rALL DF4PT(Pr),X61,TULATI4,E0 . . 
POTI=ruT*HVAVG(x61,Te,r) 

1)=T'  
Y(1)X. . _ 
n(1)-rr . . 
Y().)=X7.1 
rALL WW'LE(r)01.,X91,111L...TT) . . 
T(2)=TT  
bATE"(1)=.(96TTH—r1R—EinT*HLAVOX9ifiTT))/(HLAVG(X91,TT)—HVAV6(Xnly., 

YoTRF6)) . . 
r'ATEI(2)=EXT+KAIFV(1) ... 
p(2)=PRuT 
Y(2)=LOK(TT,rbOT,1)*Y(2) 

TF(MFA.GF.1) cn TiJ 01° 
75c0 "=m+1 

CUP.Eri=u . . . . . 
CALL SPuTUP(M) 
TF(X(h).FQ,X(M-1).ANnoX(m—l),L0.X.(P-2)) CU Tn 2504 
ruNTTNIA: 
Tr(erLFu—y(ro)  

750i cni..ITI:ou
F 

• tAzzr,i-1 
. . . _ . 

75rV4 v=m-7 . . . . . 
1170= . . _ . . 
tIFT)1=M-04I 
CALL F"6TUP(",,XF9,resATE—vV,HFL1(4) 



-11+5 
m=m+1 
CALL FROTUP(I,YFFknoVVAHFV,P) 

25n2 um+1 
CALL RPLITUP() 

r.0 Tr 19r 
IF(x(m)-Y0) 750z,Z5U1A2V)3 

25P:3 r0"TINIIE 
"Tni,m-i 
PRINT 4ug 

P735 PRINT 60P, 
409 CALL R11LiTuP(minT4.1) 

voViin6)=MTFv(MToT)*HVAvOY(mTUT),TtmTpT)) 
7LNP=PATEL(cITOT4-1)*L4LWAXlmTr1+1),T(mTrT4-11) 
nVALIII=FPATE+RATFL(mTuT+).)-61-1I-KATFV(MToT) 
rvAL1C= cRATP*XF1+RATEI(MTnr+l)*Y("TOT+1),9UT*X131-RATEVOTOT)* 

7,01('4Inl) 
TF(ImillFx.GE. 1) CU In 1'9r41 

$1903 PRINT tiol 
PRINT 56r; 
TF(1"DEX.GE.1) GP TO 6994 
PRINT 60n0TRrOyP(1),ItUT,2ATtiV(1),XP1,Y(1) ..  
nO 673 1172AmTUT 

971 PRINT 11c2,M,T(N),P(m),KATEL(M),PATEV(4),X(M),Yel 
PRINT 4u? 
TF(ii"UPA.GE.1) Gr. Tu ev4 

IF(Ina.P,1) CU TO P994 
TPREe-S=IPRE+1 
TF(11IVA.GF.1) GPI TU b7i7 
PF1=PFEEn 
nBrT=P(4) 
PTOP=p(mTuT) 
PFELm=P(!fFn) 
PIFP=AB$(PP1-VFFo) 
TF(OFP.11-0,01) 61 Tu 6737 
PRINT . 402 
PRINT 60'; 
PRINT 20n5pIPREsS 
PRINT 207,11roppiFD1 
TF(IPRFS,GT.30) Gn 
cONTTNII 
YFEuTFP.c7.0.01) TU 610 

P717 CONTINUE 
ICOR:,IPkrSS-1 

nRINT 4u-2  
T" Prn 

P9r)4 PPI"1-  1105 
PRINT ROP 
PRINT 20nZ,H1N,OR,411nw 
c.*:Um1m=1-4 FIN+QP4.7_0(40. 
PRINT  11n7,SHNIN 
PRINT ?0^3,VITTH,V0 Vi-V‘ 
SUNIonT=rTTI0-VOV140 
PRINT lin9,SH14100T 
PRINT 00,1 
rk/NT 

PRINT lUAU 
PU U' P-05 



(19111. COilTINNL  
TsNm=i!',urX+ICUP 
TF(FL,rX.GF Let' Tip 6997 
nRINT 4(,0  
PRINT 59r  
PRINT 591  

F192 rkiNT 9,:i7/IsilhAistLo,RATo_('4 ini+i),ccl,fmk 
P9r10 

r1ELTAN=((13,TLn+FRATE-nUT) *FivAvG(Y(MTOT),T(i-JuT))-woviin(j) 
PHIG!"zoR+OPLTAM  
TN0EY=INnEX+1 . . 

P717 rTF(WAYA(Al-LLIOQ,0.,!'0/00..,(1R0016H,3)) 877,01P,9173 
P71.9 no t$ 726  
PI70 PALL SPUTUP(") 

cuNi7WE: 
rALL FPJ1-0(m0),YFEEn,FiNATE-vV,HrvAp) 
m=m17:1-,  
v=M+1 
rALL FP6TuP(mAYFFED•wvri1FvAp)  

rlo 6730 ..-J.."Tni  
P.710 CALL RPLITUP(")  

PUNTINNE 
no I" 4G7 

'1173 PRINT 905  
T" 19 

P71e POMITWk 
TD L=1 
INne.e=o 
PRINT 4u-- 
f'ONT 46c.  
PRINT ?ufIptliPU,Nr01 
ro To rivo3 

P725 PTITTNNE 
TTOwPR=ITCP4P1 .  
P4z.2=nR . . 
TDR0t0 
TPREq'S=1 
TNnv=0 

C PEST"RAIMP nF crINS1ANT 
40 nu PRAIP=C(ITne:T/1) 

YF174'7(ITnuFK,2) 
POJAP=SrITUYEP/1) 
PanoU=4)(ITO,JER,4) 
PERPrmS(rInv.,PR,) 
PRFF=S(11(l,6) 
TOI='“IinwFK,7) 
TOLOA=S(TTOwPR,d) 
TuLH=StiTOOE",9) 
TT9P ,TS(ITOWP7,10) 
rrnP=S(ITOWEn,11) 
TBrit=s(ITowe.P.,1) 
Ponu.s(i7 61 .1:3) 
7olm,7(11-ry177K,14) 
yo=c(Jw0iFK,15)  
A(1).5(ITOwErlb)  
A(2)-5tiTowP,17) _ . . 
7) (1),,,s(vrot4EP,lb) 
ri(2)--stITaPn,19) 



AHL(1)=Sf1T041ER,20)  
AHL( 2 )ms(IT01,'ER0 2-1) 
flHL(7)=.“ITC.1"0.024) 
QHL(/)=S(1TUwER$23) . . _ . . . 
AHv(1)=(11-u!1ER,24) 
PliV(7)=srITuwER,75)  

IT,_r 
ntiv(')=seiT014ER,21) 
TFE")=S(TTNrkylLP) 
TFC07‘1=::)(ITITJER,70 

r  
CrINI, PuENCE 

TF(ITUYE,,.[f./.2) ru Tn 40n . . . 
ruNTTWJE . . 
TF(I"Us4T.n) (21-1 Tu 
PFACTR=MPR+1.)*QP/%1)-1.)/RM09  
00 T9  56 

70 ruNTTNIIE 
IF(1-7,,Yer0,"6) GU Tn . . . 
romTTNuE  
TF(ITRY.r f4) Gu 19 24 
CUNTTNUL 
TF(02—r1) 21,.59/22 

21 romrTNU 
TF(ITRY.r-Q.2) .60 TO 73  
ITPY=1 
YBIH=V11+,01 _ 
YB1.000.1 1 . . . 
Y.131=Y6lii . . . . 
nU 19  56 

21 • rUU .TTNUE 
TF(1TRY.r:(4p1) Gu Tn 24 
TTPY=4 
YR1L-m.X.?i—.(`1 
Yb1H=Vi 
Y61=YOL . . 
00 T9  5o . . . _ . . . . . . . . . 

23 rUNITNUE 
TTRY=3 
TFONPYP(nC1,0K20TULN*4(04),Xbl,Xo1h,0) 5R059,19U 

74 (UOTTNO 
TTPY=4 
TFWVAtne1i!',K2ATULH*AP(QP41,Xu1A Y.61L,4)) 58,59,100 

co IND=T(u04.1 . . 
TF(1,- T.GT.)0) GO 19 190 
ruHTINNE  
C,0 Tn 1:)76 

c9 PRINT 40 
PRINT 407 . . . . . 
TF(ICUMV.E,1) Gn TO 16:)

C 
TCONv=1 

PATA PRITOuT---SLCOmU COLUMN 
:1576 PIST=FPATE*(YF1 —Yb1)/(7..01 —n1) 

POT=rKATr—Pl.::.T • • 
PuTvrao 
nRIAT 
'RINT SUa,,T.T11 11,;EK.,101-016 
PRINT Run  
rRTNT 527 



NONT 40o . . 
PRINT 522,FIt,YF1,Yb1,615:6,05P(ITAZi21 
r'RINT 507,rtEITAP.,CONFW,,ROPn 
ru 3575 

C ***** FOPhAT SECTION ***** 
40r, rURhAT(141,5Y,IWILSOLOW,71X,LS/HUM0,/) . . 
407 FURripli( 1 -1-101Y., 1 TnN 1 ) • • 

FLIPMAJ(1^1,2nX, ,PKES`ML VAKTATInNS HAvE (.FtM nAmPF0',/) . . 
406 FORWT( 1)02.(1)0, 1THE FECUND TOWFR IS INDUIENpFNTLY CL1 SED1P/) 
4Q7 FORi101(21X,IPINAL C01,107K(.1e1CF HAS REFN OHTEVEn FOR P0TH rowFaci 

. . 
40s PoomA.Tcl /,v)0, 1xFFE7'=',F9.,5xplyF07)=1,F1.5,5x,,HFEE(1=1,E15.g, 

'/„Rx,ITFEEP=1,!.71o.50/) . . 
4u°i..1Pmfil( 111,6(/),P0X) . . • . . . 
6j0 FL:WhAl(IcX,IPECTTFY1YG PCTInNIA/) 
411 rORWT(1".X,IsTRIPPTe: StrTlum 1 r0 . . 
417 rONVT(5Y,IPASS1 ,3X,IRFF1UY RATIn1.1.3X,1 nTTuMS CnMP.1,/) 
411 rOIWT(7Y,I2.5X,F10.5,5X,Flu.7)  
501 FuRWT(Lr12.5) 
502 FORmA1 (ac17,5) 
50:1 rORWT(4c17,,c) 
504 FuRI161(5r12.5) 
50c FORWT(3P12.c)  
506 rpRmA.T(In1,2X,ITNPUT OATA USED Tki CAICUtATI2NS 1 0/1 • ..... 
507 OURMAT(5YAIPPESS(!KE nKOP/STAGE= 1 ,F6.4,5X, 

A,1 CON0U4ScR PRESSHRF  
PRI=SSURL undp',F6,40/)  

503 FORMAT(In 1.925X,ITLMVFOTORFs---or::GEES FAHPEMHEIT1,/) 
.00 rURWT(9Y,ITnP 1 ,PX, 14 Urigh 1 ,6X, IFEE0 1 ,0A,ICUNDENSER1,/) 
51n FORM"1(5X,4(r11.5,1x),/) 

ruPocl ( 20A, 10RESSURES---6S1A 1 , /)  
512 r0PriPT(Y,1 PTUP= 1,F17.505X,IDBOTTO/4=1,F17,5,//) 
50 rURWT(1 r- 1,35x,1*****0:111STAOS***** TUw0:! MUmBER 1.02) 
514 FORWT(5Y,'EnUILTBRWM1,15X,'PRES14071,1X,IFNTHALPY...LIVIDip 

Z7X, ,FNTWLPY.,-VAPnKt,/)  
515 Ft1"nftT(1X,'A',I1,X,4(F12,5,9X),/)  
516 FORMI+T(LX,Ibt,Ii/2X/4(F17,5,9i),/) .  
517 flPritT(//,2X,!4INIMUM PtFLUA 1741 ,F12,5,10nORFFIUX RATIO=IPF1?.5, 

rUP.MAT( 1 X,5Y,IFIRST ptSCETOMINATTU" NONnER riFTAGEO, 
.4//) . . 

51° FOPWT(5Y,'STACE105XPITt4PEKATUKFI,5Y,ILT(;W0  
,,./VAPr* kr.TE1,0,1 IIRrSSU7E 1 ) 

52n roPohT(5Y,I3,7X,4(F11.505X)) 
5Z1 rUPW1W11,5Y,'STACE'05X,1Y(1)1,12X,IY(1)0,/) 
527 rOrifT(5Y,T3,7X,7(FIO.7,6X)) 
523 FoRmAT( 1 ^1,5YAIT141 NIIMPLP OF STATES IN "WE kECTIFYINC- SECTIUM 

524 -  r0p.mAT(InI,5),,,IPE VESTkIPPOG -StOIOW--- 
vREI,o,//) 

c 2 rorwT(InI,5Y.,ITYt NlihrIER sTA(lEt.  IN TnwER APEI,I5,//) 
526 FolvT(InI,5x,Iptss c0-IptET0) 
527 ciowl(0('I,5YAIFFto rATE1,3x,1)(1)',4x,tx!1(1)0,4x,inist.AATF.1, 

4?x,Icl1si.sPoTIA7x, 1 7.6(1) 1 ,/) 
524 rlirleiT(Y,,F1^.502(?x;F7.6),z(zx,r1(1.9),e,,r7,6,/) -------- 
52q raRmil(17)  53n -  r6fmil(0-4.5) 
gat rURrir.TWX,IPARITAL rV- uTTNSLP.--,-ALL VA/02 niSTILLAT.1 ) 

. . 

531 FURWI(InX,ITUTAI. CUmUF- 14SEP.,---ALL 1100U (,TSTILLATEI) 



. _ . 
534 r1qiirkT(1s)(0,T6TA). CW1 uFr4SER---SoR.Cnjt-L7 .niTTLLATE I ) 
F57 FUP.MAJ()') 'THE  FKACTiPil Fr.r1 vApuR17Er)=,,p7,4,j) 
551 PURhAT(4X,ITHE PRAGTIPm DISTILLATE VAPIJE'I7V)=9,P7,4,/) 
561 FUPhrT( 4 4-1.0PER.1 ) . 
()? FOPWI(Y,I(riAD.',5A,4(1=11,5,5X)) . . 

rURVOT(icX0IPEGKFtS Flp7Y,Wq-ES/HP.1,7X,"41.0,LSOR.I.,12X.OPSTAI 
X,,//) . . 

564 FARHAT( 1X,-.3nX,InASS NOW7.ERI.paX,T2) 
565 r:OPM,T(IcX,InEGRPES rIAVY,IPSIA;s9X,WILCS/HP.,,OX,ImGLES/HK.I., 

VI) 
566 roPmAI( 1X,36X,ICUIPi4 N1IIRLPIAJ.4.0 1 ni41.11AEM NUMBE10,14) 
567 P0RW-T(141,34X,17(1 _'),//) 
F6° FuR1PIT(i5X,ITHE nuTTnhS HULEFRACT1UN 1_10UTu FR THIS PASS 10,1, 

70c1n.7,/) 
560 F0RMP1C3nX,IDASS NOmF. F102Y,12) 
582 rOPm"T(3nX,100N0LE C0LUI-IN---3jTInhS(1)=FFEn(2)',/) 
581 FORMA1(0X,InUOiAE OLN0m---nIST TLLATE(11=FEENZ)1 0/1 
584 POPHAT(3nX,IAIR PLANT---p(1)=REFI.Ux(2)1 0/) 

poRhAT( 1x.,15X,ITRIALIp)X,,uvERiiFAD FU7.01,5X,IrVFRHEA0 FEEDtP5X, 
ICONnENScR DUTY(' )1, X, IPERbiLEK UUTY(?)1 ) 

591. •FLIRMAILLPA, IPEQulaFui,11x, ,AcItim 1.1,/) 
592 ruPmAT(ir,x,11,7x,2.(F13.7,5Y),5x,2(F17.7,Fx)) 
602 ruP.FoT(11,ITHE ^IET vAPuP ENTEPPA; THE KrCTIFYItin SECTION IS 1, 

4F11. 5,/) 
603 POR1401-(101,1 THE NET LIOOD ENTEKTNG THFSTQIPPIN SECTION IS', 

AF11.7,/) 
6O FORM^1( 1)0,15XpirEVISE0 vALOFS 03SFu 0'I TRUE PRESSURF PRnFILEI, 

VI) 
60n FUROPJ(Inl,:*nX.,WR PLANT-.....-SECuVD criLlImr-7-AbSOPBER SFCTION',/) 

FORMAT(,X,IKcil, ',5X,o(F1l.o5X)) 
rORMAT(IFIWCUPEPHEATEP FEFiJ9.,/) 

651 PORW,T(i5X,IDEW PUINT FF)1,/) . . 
A5, PORMT(X,IT=LAS"En FEF0',/) 
653 POP.001(I'XYIPURBLb FF.0)1,/) 

PORMAT(i5X,ISOBOULED FEFU',/)  
Pun r0Pwi(l-loAant'..1 ),/,  
1u59 rORWYW3nX,ITOWLP NumLEK Two IS COI LETP)  
1060 FOR4AT( 1 4 1 ,3nX,ZP( 1..1 ),//) 
107b FUPisiAT( 0 +!,3()X,26(/..')) 
1079 FoPwT(3nx, ,Tuwo,  NumuFKI,T4,1 iS cLijAPLE.TE , ) 
100 FOPMAT( 1+1,30X,e('-'),//) _ 
llr'U rtifloAT( lx,InXiorINAL CONVEKGENCr P-CNIFVFO ON POTTrlmS 

mompnSIMN 7-7TnwEK WmPER 1,12,/)  
1101 rUnTIPT(bYAISTAGE',5X,PTPFKATURFip5xii ),5*, 

4ILTQl!In 0 ATE 9 ,5x,IVArLiP PA.%-1,5A,1 x(c6(ir,1) y(comp,1),) 
11r2 rORMT(5Y,I.,7X,6(F11.5,5X)) .  
11na roRmATI5x., ,cr.IND. ,05x,60,11.,5x)) . . —FuRmiT(3Px,IFNTHttLOY Ar4C (BT!/HK.)') 
1.11N, cuRmAT(5Y,IFFEn ENTrit4.EPY= 1,E1.5.8,10X, 12.e7UIL.FR_UNTY=',F150.0/) 
11n7 rORW1(k5 X,ITuTAI. ENTHALPY 1N  
108 FORWT(4Y11 )ISTIILATF FeiThALPY 111,F15.P.,?)6 1P0TTPRS FNTHAEPY 

41 1.5.,?X,I(U"ut:HSER rUTY =0,F15.P,/) 
11r9 rORWT(eX,ITUTAI ENTHAOY LJHT =1,F15.5,/) 
?Ono rORmAT(InI,10X,ITHF VALur OF THr EFLUX PATIn=1,P111.5,//) 
2001 FoRmAuir“,19X,IPLOW=1,F9.5,5X,IP=1,F9.1.5Y.ORHIr-H=1,F9.5///) 
20('2 rURMAT(ZY,IFED ri,ITH/ILPY= 1,E15.8, q'lqtrUTLFR 5X, 

AIR74-1.UX. rNT16LPY=1,05,o,/) 
?Or rURii"T(5Y.,'8'TTUrS E9THALPYI,Obioinx,ITLIP PPOUUCT ENTHALPYI, 

4F15.',//) 
70(15 coRWI(.3rX,ITkIAL NU"8FRI,T2) 



-150- 

2VI7 FURMATI X,'THF FLEu IS INTROVCrti 6FTAFN STACEc.  _ 
ANU 1 ,i7.0/) 

$15°9 rOznAjr(3(,X,140 VINVnGFNCEI,///) 
01.15 FORM",T(3X0 1"0 CP4\IE 1Cj 1N SECONO TIWIR 1,//) 
9909(7 FORWT(5Y/ I N1 CVIVERC,EN.F..•RUTT0h CL94',....PHTUH/ROW ikVISED I ) 

1 vn TPRurr.I.WIDB+1 
TFWIKn6.1j.,1PRbn) Tu 1,5u9 

c-rnp 
FNn 



r-WIRP.UTVT VI1LVOPRES,TTT,LNTLPY0 70(.J00.p0)cV,YV)_ 
riPm0V i."vAP 
rwirvIN Affl,P,(2),PCu^1 (2)0FQATE0KFArIR01VT 
rwihnN orLTAP,TIPP,T!'UT 
CUMWIN Wq.(2),Bh1(2),APV(2.),f1HV(2) . _ . . . 

iTajr1L/Tr1L,Tnty,ToLEJA 
rumw7N/vAVM1 xrino),Y(ion),Vino),PATEw00),RATFv(inu) 
cOMorW01;,PLC/ F(1001 
rumpeA,JGPNPE 0 / 01,0V,Ar,YU,WC,C,UISTPTTH.XP1,XF1,TFEr0 
C041-1!'1 NR: — NPE 17/ ITLINO,xFcriWirEEO,HFLPU,Vv,P.LIT 
rummr!NWSSR/ ..CLIOPU.PREOU,CORELT . . 

C cURRPUTI"E TP CA1CULATF 7E"Vr.:.KATHKE AN1 rumpISITION N UNKNUwN 
DE LP 17 XPAmSTIW vAiA/F((iPSTATENAI.PY ASSUVEn.  ACRE VALVE). 

r  
TVA.LvE=1 
PATE -4a10 -1,VAr)  
7=(Z110V+VAP*Vv)/kTF 

C PRINT .54101WSS0 TTT,FNTLPY,ZLIO,vAP 
5,1-1,YV,YV,RATE,L,L"TI.FY 

1;41 rUPW1(5Y,IvALV0,3X.P4('•7) 
CALL 1,114nLF(PREc•Z,TUL,TLnW) 
CAI.L UF.T(P2ESS.Z,11L,THIGH) 

4 TTT=TLRP 
1 rALL FPFI.:iH(TTT,f1KESF:,7,X0yV) 

vAP=r)ATi:*(7.—v.V)/(Yv—YV) 
70(4.-WATr—VAn 
rT2f=011ITE—VAPWLAVc(XV,TTT)+Vi404(HvAvf7,(vV.ITT) 
TFWVAWTPT.E.M1IPY,TULh*APS(EmTl.PY),TT1,TH,1)) 1,2,3 

2 PETtF.,14 . . 
TOW=0.,217!IFI.W 
THIG--1 =1,1*TWGH . . 
TVALvE=VIALVT7.4.1 
TF(i;ALVr-r3U) 404,5  

5 rRINT .60 TIT,YV,yv0H10T 
6 PHRMAT(3e‘X/ITHE vALV7 VOL WIT LnNVEPGrF;--,...T=IF12.5,2Y,IX=IF9.5, 

;,7X.2"1= 1 ,rc),.5,2X,IH= 1,04.7,/) 
ri7TUM 
HID 



cORrUTCL liTFTWt(A)  
roblmm 
ru,11,m, A(i.),fl.(2),Pcu,!(2),FRATE,KraTR,T 
rkmmflo o7.LTA',TV7P,TUT . . . 

• comlinN AuL(2),RilL(2),AN(2),Imv(2) . . . 
rumhrm iTuTnL/T,L,TnLo,Tut.up,  

rumontlivPRO,Lc/ Atiou),Y(1v,),T(ino),PATEI(Ion),RATy(100) 
cu4mriNivt1;.17L,-,/ tifi(o) 
rEimmnm/CoNPErq ol,r1V,Xn,YD,QC,QADIsTH,bnTTh,XPI,XF1sTFE5U 
rummoNA,nNPn/ ITUNID/AFEFU,YrEL,HFEFD,Vv,10 . . 
rOMAriN/VSSK/ CO'WoUoRF621.),LrIRFLT 

CnLArr TO PLATE" CALCUtATON im 1)EtTIFYI'4(i niWN) 
C  . _ 
7 YX=X(N-i) 

YLT;i=X(14-1)+,000 
YY=Y(N-1.) 
7T=T(N-1) 
nP=P(h-1)+PEITAP+COKFCT 

4 r riNT T 
'ALL OFq,YYsTnL144)r) . . 
PATEI.W-1)=M*VIDL*r.f+nVtkyl,nytyy)/(yy...x04-1)) . . . 
PATEVOI)v(n4*X1)...ni.*X(N-i).1-nV*Yn-f!IV*A(14-i‘ )/(r0-X(N,"1)) 
F0=9ATEV(M)*HVAI/43(re,TUO),-KATEL(W..11C1LAW7,(XXYIT)tQC 
TULTI.DTJIM*(ABS( COISTH)) . 
TF(wOYA( 17 1.4MAniSr",TUITipYY,YLO/2))  

5 V(N)&V 
T( )=Tnv _ . . 
y(m)lty(N)/F.'4K(TIP,P1).,1) . _ . . . 
r(N)w,   . _ 
rU 

q9c)9 rkTNT q909'..",DieTA,Fctr,TUil1 
,4909(7) poqmAT(5Y,IEPR-KTPOW.3X,ISTA=1,12.,11DUF Vaur=1, 

/F15.7,1 C ,1.C.vALUF= 1,F45.7,1 4 111,= 1 ,F1U.5.,/) .  
ru II' 5 . . . . 

7271C 7E'RPM 

_ . 



cAPKrUTrf; FITNNUI,YY7,FLE0,11F) 
COmM'N i'rVAP 
rUmin-N 02),2 (?),PCU"(2),FRATE,KFACTPsrW1.  
CumMPN ugLTAP,TTrPsTnOT 
CUMmnk A1.1(2),Bm1.(2),A 3 V(2),PrIV(?) 
COMmnii /T01.1nL/InL,TrILHATULLO 
rUMM'k/VAR7L/ X(100),Y(100),T(00),PATE1(10n),RATEV(100) 
CJ1W-44VARILC/ P(iflu) 
CUIM'Ti/CnNPEr/ bl_pnV,XnAYUpvConRsDi$TH.pbrIT1,XF11,XF1,TFEED 
COmjnN/LnW1P/ TCUNu,AFLEU,YrEFO,HFEFO,"OUT 
ruMWINWSSR/ COUPU/RFOU'V'RICT 
FEED ZliNcrTUP nUWN 

YPLArEr.)1(N) 
TPLACEmf(N) 
vPtArE=R!,TEV(k) 
PPLArki:*tTFv(N)VJVAVr(YPLACt,TPLAC) . 
IIPArE=1-(N) 
XSTOP=X(N-11 
,!.1P1..=RATFL(N-1) 

TSTRIF=T04-1) 
PSTrz.TV=TRIPt.*HLPVG(YSTKIP.,TSTPir) 
YX=Yr,LACr/FV(TP1ACt.,PPLACE,1) 
rp=P0LACr+PLITAP+CORFLT 
YY=Y'LACr 
YL1m=xX+n,n(jn2 

71n Cu! 
CALL LIFOT(PP.FYY,TOL,IT) 
roltm(vpi.ACEIAVPLACE-rErOXYZ-STOpL*XsTRTP+CFEFD+STRIPL-VPLACE) 

AtXX)/(YY-XX) 
rONZ-( 1.4-ACE-HF-P$T101;-+(STRIPL+FrEn-VPLACILAvC(XX,TPLACE)) 

W(HOVC,CYY,1T)-HIAV(.;(xXATPI.ACE)) 
nIFF=LON1,r‘02 

r nRINT 54n,PP.,1"1-prtMOVIIN2,n1rFpyY 
54n ruP.WT(U(F32.6,3Y)) 

IF- CotYA(nIFF.,(1.,TLILH*APS(Envil),0/,YL111,21) 710711,9999 
711 T(M)=1PL'CF 

V(N+1 )=YY 
Y(N4.1)=yv/Fv(TT,PP,I, 
Tu94.1)=TT 
p(m+1)=VP 
Y(q)=XX 
PATN+1)=EnN1  
PATEI(N)=RA7rL(N-11-%Tv(m)+FreP+PATEV(H+1.) 

Tn 2210 
'19(19 TULF=TOL"*A6C(1) 

PRINT 09°9°,r0M1ykr).N2AnirFA1qLF 
Q9c19P rOPW.1(,'nk-wFTPnisim103X,ILC:10=',E).5.70'UlN2= 1,17 1.5.7, 

1FF=1,F1Uf .5,X,ITilL=1,F10.5s/) 
Tr' 711  

72?k, PETurN 
rNn 



5TPnW"0) .. _ . 
rUMN"iv f-rVAp  
COMA"Li A(2)An(2),VCW1(7),F7,ATE,KFACTR.01P7T 
roMWM urLTApprinP,T".0T 
cirihrIN AL4 L(i:),Bilt(2),AtiV(2),1).HV(?) 
COMMnN /TOLTnL/T'LYTflt.PsTULuA. 
rry,wN/vARRLS/ A(100),Y(1U0),T(00),RATO.(10n),RATEV(10G) 
COMW11/VjOLr/ P(InU) 
rumlinN/CPNREW utAnvpAP,M,QC,U..,05TH,L5nITH,XB1,XF1,TFEEU 
rUMPinN/(.nNREW 1CUMO,XFEFU,YFE.EupHFErD'vv,nuT 
CUMMnN/PPSSR/ CuMOPU,KFOO,ORFCT 
'LAP TO PLATE C ALCULATON WSTPV1PINC CECTIUM---MIP UnWM) 

C 
 

7 YX=X(N-j) 
vt.Tm=X(N-1)+.0007. 
YY=Y(N-j) 

PP=P(N-1)+nELTAP+C9kFCT 
4 coN1TWIE 

CALL UFArT(PDAYY,I0L0Trii) 
rATEA(N-1 )=M*An-9L*YY+nv*yn-nvofyY+FRATr*YY-FPATE*XF1)/(YY-Y(N-' 
4)) 
n ATEu(N)r(OL*X11-n0X(0-1)+nV*Yr-PV*X(N-1)+FKATI*X(m-1)-FRATE*XF1 

4/(YY-X04-1)) 
r74 1=rYATO/(m)*HVAvkAYY,T0)-KATEL(N-1)*qyyx,TT)+Qr+HFEED 
TOL17=Tu!H*UbS(nC)+AS(DISTH)+ARSCHPEui) 
IF(wAYA(rOM,n1ST 4/TutT7AVY,yL1m,7)) 4,50 P999 

T(q)-10P 
X(N)=Y(i4)/ECiv(To0APP,1) 
r(N)=PP  
(70 Tn 

n9n9 PRI' DTIA/rATULI2 
09q90 ruRMAT(5",'EnR.,STPOwm,..3Y/ITAC=1,0,'IPUF VALV:=1, 

x;FI-5•7s I CAA.CeVALUFgisr.).5.7,1 fnL=',F10,5,/) 
CU In 5 

22:10 nETUr'N .  
FNI) 



7URI,CIUTI"L SP,LiTur(1) 
cumM7'N Fr'VEP 
CUMH-T1 A(23/2(2),PCJI!(2),F0ATE'1{rACTR/9IFT 
CUMm7N urLTArAllnPoPLT 

41-4L(2),RHL(2),,vv(2),sHv(2) 
romON /TOLTPLWL,PILH,TUOA 
fiviHriN/vARRLW X(100),y(100),T(100),RATEW.61),TFV(100) 
COmMriN/VARPL57 P(100) 
romfirN/CrNRE7/ 01./DvyxrAyu,QCAnKouTSTH.,607-Th,XPI,XF1,TFFU 
COMmr'N/C7NPEn/ iruNU,XrEEU,YrEFuplirErD.VvsqUT 

LimiVN / Pr" S5k/ comur,u,kFoou'oRET 
C flLATF TO PLATE CALCullifTWIS IN STrIPPINc,  St CTION-(t3fITTOm UP) 
C . m  
1!:; YY=Y(11,-1) 

XLIM=Y(11-1)-0007 
YX=X(r.,,i) 
TT=VM-,.11  
r"P=P(0-1)--,rELTAP-V4trci 

TO CONYTWX 
CALL emnfILF(PP,xx,Tut,TaP) 
PATEI(M)=(°4 7 )*(Yel-Y('t,-1))/(xx-New.-1)) 
('ATEv(m-1.)=IinT*mi-xx)/(xx-Y(M-1)) 
rogoAT-0.(m)*HLAv0(xx,T0)-KATEv(m-1)*Hvtvr,00t,TT)+0 
Tual=TotH*(Ailscnkwo(PuTTI0) 
r,RTNT 54^,m0TE,P,PP,XX,Fwm,ROTT1{ 

540 rORIVT(5Y,I5R(:IT01 ,3Y,Ii.,2X,55) 
541 rORMAT(bYor1n.5) 

TF(wAYA(PON,nOTTP,TU11,51,YX,ALV,2)) 10,110(1909 
11 Y(m)=xx 
f. PRTNT 541,T::1 Lil 

T(M)=TIAt,  
v(m)=EN(T9P,pP,1)*x(m) 
P(M)=PP 
ro T'' 27,0 

9999 PRINT q9099,m,ROTTA,PQN,TuLbl 
09099 POPM AJ(.5Y,'Et'R-SKiTuD 1 s3Y,ISTA('o:= 1 ,12,1 TPUF vALUF=I, 

;,,,F15.7, 'LALC.vALQF=',F15,7, 1 TOL= 1,,F10,5,/) 
3i 

?2?i0 DETLPN 
rND 



• -156- 
SURkflUTrE FPUTDPW,XYZpr.tEosHF) _ _ • _ _ 
rosImm 

AG-..),9, (2),PC6"(2),FPATOKFACIPAnr.J 
rulM"N L.,FLTA'IsTrP.PrUT . . • 
fUmM"N 1.041..(Z),OHL(2)..4Pv(2),P.HV(2) 
fdf"e0k /TO.TqL/TnLP -FILH,TULDA • 
rOwirlWeRFL/ A(110),Y(10(),T(1(0),RATO(10n)ARATEV(00) 
COMmrh/Vit.r7 P(110 
rommnk/vAPER/ uL,DV,XDAYDsvCAOINPUT SThybrjTris XPI.I.XF1,TFEFU 

.COMitint4/ 7 Ln/ ICW10,XFEDYYPEF.G,HFEED,VV,nUT 
fOrlriqh/PPSSK/ CUIslUPO,KFOUALPREcT 
FEED ZFINF.,,-nuTTnh or,  

C _ . 
YPLAcLY(h-1) 
TpLAcE=1-1) 
%/17, 1.ArEr410TEV(M.P1) 
'TLAV'EtteLACc*HVAVG(Yi,LACE,OLACF) • • 
XSTRTP=X(M) • 
cTRIF1.=OTEL(M) _ . 
TSTkTP=f(6) 
"STKTP=;)TRIPL*HLA.Vf,(Y5TNIP,T5TPAP) . • 
nSTRTI)=1-(M) 
YY=E-TATTPIn/PSTRIP.1)*Y.STOP 
DP=Pr-..nir-PEITAP 
YX=Xc19V• . . 
YOMmYY-.6°01. 
nRINT 54.n.001.Afk,"I'LACEsVOAfEsiIPOCFAXY7sFEFLI  

C PONT 54r',XSTPAFASTRTPI,T5TiOP.PoST°P,DSTIOPsYY 
C PUNT 541),HF/XX,YLIII,XYkyFFED,H 
71n rOHTTWE  

rat,  
ruml.(sTvilli,*xsTrIP-rEFo*xYz ,vpi_ArE*ynocr+(FEr.) 405LAcF-Siolo 

.;.1.),1=yv)/(yx,Nr)  
F02=(HSTikIP-HF -HPLACE+(FFEn +VPLACE-SIRIPL)*14VAVf,(YY,TSTnIP 

h))/(PLAVC,(XXATT)-HVAVG(YY,T4TRIP)) 

C 
r'IFF=E^NI-Fe2 
PRIW' 54nAPP,TT/rQ.NiAEON?AnIFF,XX . _ 

54n rURMAT(o(F.1k.6,3Y)) 
TF(wr00(nIFF,O.,TiliLii*OS(ErN1),,XY,X00.,Z))_710/711,9999 

711 T('1)=T51- 'IP  
X(M+1 )=AY  
v(m+1 )=EN,..(TT,PP.,1)4XX 
T(m+1)=TT  
P(m4-1.)nYP 
Y(M)=YY 

.. 
. 

rATEW+1)=EnN1 . . 
PATIC'ir:RAT'L(m+.1.)+EF0 +7 4TEV( M-1)-KATriAM) 
Cu 22.-10 

(59c'9 TULF=Tni."*A(EW"1)  
IIRTNT cr9n99,r011,V)00pri9:, 1LF 

_ _ 
--  

°9'.?99 rOPWM.:JY/!EP ,-FrIUTDDI,3YRILIN.41= 1,E1.5.7, 1EriN2=',F15,7, 
;i1X,IrIFF=1,,F10.5s5X,'InL=1 ,F10f5P/) 

c.f..' 11  71.1. 
727u 

rND 



cUPR"UTP.'E kpliTuc(:,1) . . . 
cOWN 
rcyliriN A(2),=1(2),Pcipt2),FPJATrarR0711cT 

urcrAP,TTFY,TPoT 
(- WV-11'1N W4L(Z),BriI(2),AFv(Z),MV(2) 
cOMMTh /TEILInL/TrL,T104,TUL0A _ . . . . 
fUtiviriNhORPLC/ M100),Y(10n),T(100)0PATL1(10n).!RATFV(100) 
catimnN/vARnLW V(1%) 
cOIWIN/CrNeEP/ ulonV,Xn,YD,QC/nRpUISTH,EinTTH,XB1,XF1ATFeT.0 
cLimhnN/Cr'NREP/ ICUNU,XPEFO,YFEFJ,HFEFupyv,AUT  
COMWINWSSR/ CLIMUPb,kr6PU,ORFLT . . . . 
Do\rc To PLATE Li.,LCULATInNS IN :jCTiFYINc SECTIL09-(BOTTOM UP) 

, - 

YLTm=Y(ii-1)-.0002 
YX=A(14-1.1 
TT=T(M-1) 

. PPP(m-11-41ELTAP-CORrcT 
10 CLINTINUE  

CALL LOWLICIP,AY,Tok,Tb0) 
PATE!  
.PATM-1)=0,UT*(XBI-XX)+FRATE*()(X-XF1))/Pi.X-Y(M-1)) 
F07.---̀ ATEL(h)*HLAv(XY,TuP),,RIJE(h-1..14e-WyC,(YY,TT)+QR+HFEE0 
TOW=TUI.11*(ABSOR)+AbStqFEEn)+APS(br.1TTH)) 
PRINT 540,M,TbPA°P0XY,F0,11UTTH . . . _ 

C DRTNT 54^,M,T6PinR,RATEL(h),PATEV(m-1),FIFEFLA 
54n FoRmATOY,IRIUT0 1,3Y,I4sZXR5E2u.5) _ . 
541  

IF(wAYA( cON,POTTII,TOW,XX,)cUM,2)) 10,11,99q9 . . 
Y(M)=XX 

C PRINT .541,T61_B2  
T( 10 )=TPP 
v01)=E0K(TPP,PP,1)*N(M) 
r(m)Pn 

T1  2.-a70 
09n9 'PRINT 99199,,BOTIH,FwmpTULL$2 . . . 
f49P9'? FOPMA_T(5Y,IEPR-KRUTetA3X, ,STAGE=',17., ,TPUC. VALUF= 1, 

4r19,7,1CA.LC.vALuml,F154,7, 1 1TIL= 1 ,F10.5,0 
I'M T -1  1i . . 

?210 PETtrN 
FNn 
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FrIfiP(Tor.,7,Y,Y) 

riXAn°1,4 t-"VAP_. 
rEF0 FIAH KnuTil"L 

r1=e-x(ftp,1) 
r2=Erlc(12P,2) 
Ym(i.-Fi)/(E7T-E4) 

rRVA0=4—X)/(Y—X) 
'ETtrN 
Ft0 
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cUPRflVTiF RFELUX.C.7FloluloPmilifik,TPLiE0PrEl70). . 
CUNW14v FPVAP 
c6mr11,:i  A(?),r1 (2),FCW1 (?),FPATE,OWTPAN7T 
PEFL-A Kfiri() CALCULATIno 

r1="1ti(IFEFusPFLF0,i) 
T2=E'K(T EEU,PFETOZ) 

_nPrl.=(701-F),nF1)/(iP1-,IFI) 
FUIPrV=( 7 01-7F1)/(701-7.F1/F1) 

=SLnPEL/(1.-SLUDEL) 
rTITIW=SLrPFV/(1.-5LOPEv) 
rMIN=((i...FRvAP)*WilmL)+WVAPINV) 
Dra.P.FACTic*RMits,  
PETUPN 
rND 
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cUr-WIWT MASI.(t)PLTIAV/Zsi) 
/TOITnLWL 

7LAS:' cAICULATIOP 
C 

CALL uFwnTipAL,Tni.pri) 
rALI. 0.45"LWAZ,TOL,T21 
Tr.T-4-0.017  
TRT(.0=T1—(‘.0:.S 
r1=ErIK(i.,P,11 
F2=EnK(1,P,4) 
A=1(7*(Lil...F2)/(1.0—E1))-1.0)/(P.1—l.u) 
IF(NIAYA(A,SPIIT,TWAT,TLiTtjoi)) iy2,3 

7 r'ETU 714 
DRINT q91.0T 

99' rORW,T(icXyfri4ALIP IN FLASH LALCuLATOW---T14E LA$T TEMPERAFORP 
WA'AS 1 -1-14.7) 

nRINT P9099 
(39'99 FORW,T(inXyorill$ TEMPVIATUP LrAsT oy<nRAmp WILL RE USE!' 

%To CnINTVILIF THE CA1C!ILATILHS 1 ) 
rETUPK 
Fir 
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70r1RnUTIE pFwPT(Ppy/TnOT) 
currini4 SLO(11),TTOppinUT 

C nEw -DTHT CAI.CULATIW
C 

 

DT=A"AX1(TRLIT,.T-011),51,) 
T=TP7P-0T 
TtiTG=TPuTfrIT 
F1=L'KtipP,11 
F2=ErIK(T,Psn 
A=(Y/E1M1,/E2)-(Y/C'4) 
IF(;OYA(A01./InLYT/Tr1 11,1)) 1,2,1 

2 RETUPN 
3 PRINT 99c' / T 
99'4 rORm.'..I(irx,IPRRon Tel L)Fw P CALCULATIPN-,TwE LAST TEMPFRATUKF 

ib WAS',1X,F12.7) 
PRIi4T 99'.“.A! 

ocy7i99 ripm ,, T(V,WTHIS TWEPATURe GIvES LEAST -17107R Amp WILL nE USED 
4Th CPNTI"UF THE CALCIILAIIWISI) 
Pk:JuriN 
rpo 
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'zi"knUTrE WWLFIP,YATI41/T) 
riYWN SIOP(11),T1`IP,TRuT 
PUr76, L ienINT cALruLATIni',. 

rIT=A"AXI(TR6T—TInPo5C.) 
T=TFT—LIT 
TbIC,=-F;.jT+PT 
(7.1=E'K(T,P,11 
rz=EnK(7,P,2) 
A=X*(Ll—F2)+r2 
TF(nf^V(A/1.,T9Lp1oTnIG,1))1,2,1 

2 r.ETtri4 
PRINT 990,T 

pir roPMITtisX,IFRRuP IN bitOLE POIWr!:AWIL^TTUN—Thr LAST TrmP.wAsi 
70n,F12.71 
nRTNT 9909'4  

(909r) FORT(IOXP/THIS UmPE('ATURE GTVrS LFAST Okflk AND 00- RE UsEP 
VA4TPUF THF CALC'VTIUMS 1 ) 

PETUM .  
Fkin 
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rumcrIpli EnK(T,P,J) 
COMMnN r r  VAN. . 
('UHmrIN 02),7(2),PC0"(?) 
cm.C"LATTur! rIF CrINSV'NT 

rw,:=PAPMJ)+6(J)/(i ► / v.))/P 

PET:PN 
rhn 
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!7-UICTON WAVG(X,T) 
CALC"LAITOM (71 1: 001!") :41,4AL t..VFLA F TWOY, 

C  

rUmtinN 
CUMN-1N A(2),n.(2),PCu'i(2),FRATEAFACIPArA.ST .  
COUrIN LicITAP,Tinp,IPLT 
CtIVJ.McN AIA.(2).01HIM,A4402),P0(?) .  
r'IME".'SJ6" HLT02) 
no 1 1=1,2 

1 How(1)=AHL(T)+W4.(1)*(14-460.) 
FILAvr:=Xx,(111.0(1)-11W,(2))+HOw(2.) 
^E.Tom 
rAn 



ruilc1r44 HVA"G( T ) . . 
rAt c-iAl JON nF vApcie, hooL wiii.!7!ArE ito 

CUMN"N Fn VP I,  
170MWIN A ( ), r ( 2 ), VCW,1( ),FRATE, 1-FAC rP/11 - 

OP TM'', TTrIP., PUT 
NVIWIN /IVIL( 2 )' RHI (2),APV(2), nriV ( ) 
nIME-"5 T6". 
n° 1 1=1'2 . . . 
141/A4'1 1)=1'AV( T )+OPV ( )*( T+4AV • ) 
!'1,1AVr:=Y4 ( HVAn ( 1 )—hVA0 (2) )4-HvAp(2) 
f'ETOk 

! r) 



F.ONCTION wAY1IA,,ANS.,TUL/ r7 TKTp.S inp,LFVFL) 
C 01PIITNE TO CnNVFPGF nri ::„.INGLIVALMEn ELMTI n N . 
C A=CUrRENT VALUE nF VARTOLE 
C ANS.TrESIrEn l'ALuE 1F orp-WPIT v.ARIAPLF . . 
r. TuL=TUteANCr 
F c.TAKT=CunRENT VALUEE. IF iNqiEpFiinENT vAkrAnLF 
r. A RCrIER VtLiiE KF -MPEP 

.n1)=LiriTT 6F ItinF)EmbENT vAPIAt0E. ANS-iiFK 14171,1 ErN StA-P,f-ANIY 
r Slur. 
C tEvEt=1,7,flk 3 AS AN ImuFX FIR hOLTILEVtA 
C 

C  wAYA wILt vAPY START bEIwEEN ITa INITM V61,11EAmD STUP 
rEss(ftNs-!%),LF.TIA DK 3C TRIALS TAKEN 
nN LYIT 1,iAY4 iS; 

C -`ref' FILIT cutqfwEr. kFPFAT CALCS. •.0TP.71 M EW "ALUM` IN  5TAPT. 
C ti rOP rUNvFRGEn LIOIS nR 3n TRIALS TAKEN. 

+ f-nk CANNuT CumVFKr.START=1,.,iITIAL VALUE UP STIIP 
C _,"iki-tICHrvER GIVES LrS5;0), FRPLIP A  LR ITS TNTTTAL VALUr IF LFVFL 
C TS NFGATTvF. 

ximon(4),Y1(4),v2(,f),K6IINT(4) 
nATA KnumT//00/ 

C SET YAYJOND I EVtI 
Y=SPI4T 
Y=ANS-A 
tr-TW'S(L7VFL)  
wAYA=1.0 

C SEF TI-  CnviVEr,GEu 
TF(W)S(Y).LE.TOL) GU Tfl 70 

cGPV7RCEn.SEF *ITCH CALL. 
TF(KnUNT(L)) 60/10,10  

C SECUtj.; U9  HICHER ‘ALt. .SEE IF V ANDY1(L) 0PArKFT osWER.  
To TE(V*Y1(1),LT.O.n) C TU 40 

!qu y-y1 "RACKET, SEE jF S t Cuff uP RICHE R CALL 
IF(KruNi(L).r.T.i) Go In 

C ma liPACKE 1 AT ALI, IT STARTJF 71-1PJ LIMIT IS CLpS!7RUP IF 
C !EVE! IS 

IFWS(10.LE.Al)s(Y1(L)).ANP.LEVEL.GT.o) Cu Tn PO - 
Y.=xi(L) 
w1VI1sT(i)m,3, 
CU In 60 

C V,VI kiRACKFT, STnRE v01  TN X2(L) AND Y/.(1.). . .     
20 X2(L)=X 

Y(L)=Y 
CO Tn 40 

CALL V CONVFKCIPL, Y-Y? RKACKET CAtL. STORF XLY IN XI rAle 
70 X1(L)=x 

vi(L)=V 
V=SinV 
u(KIUNT(L).E(4,0) G0 in 5U 
INTr-RnLATF ,'Etti Y AND CiJNYIvOE un 00T . OON oFPFAinING UM vT(L). 

40 Y=(X1(L)*(71,*Y2(1 -Y1(t))+XL(L)v(Y7(1),,3.*Y1(0))/(40*(Y2(L)- 
%VI(0)) 
TF(Ki'W!I(L)4,rE,30) Un Tu 70  

- -g0.--  vUNNT 1 (L)=KnUT(L)+ . 
60 wAVA=,71.n 

1" c' 
C ''.uNivrKGEr. Tn6 :ZANY TmiAt 
70 wo/A.o.v 



FU vooN7- 0.)=0 
C cET E43 vio_uc nu imucprNnNi VAKIARLF. 
90 "TAR-7=X 

rk- 1-017 N 
rt\in 
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