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ABSTRACT 

The solution of absorber or stripper calculations 

by traditional methods can be a tedious, time 

consuming, if not a completely fruitless procedure. 

Hence a computer solution of these calculations is both 

desirable and, as the complexity of chemical process 

plants increases, necessary. 

The component oriented Newton-Raphson procedure was 

programed to perform this calculation, and makes full use 

of the material and enthalpy balance equations to perform 

the iterative equilibrium stage calculations. A 

Newton-Raphson stage oriented method was also developed 

as a verification program to check the solutions obtained 

from the Newton-Raphson component oriented procedure. 
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PREFACE 

The writer has attempted in this work to present a.  

useful comparison between traditional calculation methods 

for absorbers and strippers and more sophisticated 

computer techniques. 

The primary effort was to provide two computer 

programs using different iteration techniques for solution 

of absorber and stripper calculation. These programs 

should most likely be used by students in the Chemical 

Engineering Department at the Newark College of Engineering 

as a learning tool. 
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CHAPTER 1 

INTRODUCTION 

Absorption and stripping are two similar processes 

which are used to recover the more volatile components 

from a gas or oil stream respectively. In absorption, 

the more volatile components are concentrated in the oil 

and leave the bottom of the column and in stripping they 

are concentrated in the gas and leave the top. 

Basic Principles 

Absorption and stripping are related processes 

because they both function due to a concentration 

difference between enriched and lean streams of liquid 

and vapor. The processes are aided by a multiplication 

of this difference by a countercurrent contact of these 

streams. At each stage, a transfer of material takes 

place such that each stream is in equilibrium with the 

other. This equilibrium is dependent on the temperature, 

pressure, enthalpy, and relative volatility of those 

components present. The process by which this transfer.  

takes place is diffusion, although some vaporization and 

condensation takes place. Even though these are called 

"equilibrium" processes, they operate far from equilibrium 

conditions. This occurs since the temperature and 

relative volatility of the liquid phase is far below 
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those necessary for true eou5librium. In practice an 

equilibrium condition is somewhat reversible, while 

absorption and stripping are not due to the wide 

variation in temperature and composition of the streams 

jnvolved. 

The streams present are defined as follows: 

Wet gas - feed to an absorber containing 

condensables 

Lean gas - stripping gas fed to a stripper, 

sometimes an inert 

Residue gas - off-gas leaving an absorber after 

condensables have been removed 

Rich gas - lean gas plus recovered components 

leaving a stripper 

Lean oil - stripped and denuded solvent going to 

the top of an absorber and leaving a stripper 

Rich oil - lean oil plus recovered components 

leaving an absorber and being fed to a 

stripper 

The overall flow of material is illustrated in Figure 1-1. 

Since the overall flow of material is in one 

direction, one encounters rapid phase rate changes across 

the column if an appreciable amount of material is being 

transferred. This rapid and massive transfer of material 
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also causes a rapid fluctuation. of temperature from stage 

to stage. In extreme cases, a temperature inversion may 

result in the column, especially in strippers. , 

Residue gas (absorption) 

Rich gas (stripping)  

Lean oil (absorption) 

Rich oil (stripping) 

N 

N 

Wet gas (absorption) 

Lean gas (stripping)  

Rich oil (absorption) 

Lean oil (stripping) 

Figure 1-1. Flow Diagram for Absorption and Stripping 

Referring to Figure 1-1, one can see that the flow 

of material is from the gas phase to the oil phase for 

absorption, while the reverse is true for stripping. 

During absorption, the wet gas rises through the column 
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while it loses material to the descending oil phase. 

Very little of the oil, being relatively nonvolatile, 

passes to the gas phase. The resulting effect is a 

decrease in the gas and an equal increase in the oil 

phase. During stripping, the volatile components present 

in the oil phase are transferred to the gas phase. In 

this case the oil phase decreases while the gas phase 

increases a like amount. 

This unidirectional transfer of material is what 

causes the wide variation in temperature. The material 

being transferred undergoes a phase change as it diffuses 

into the opposite phase. When this occurs, the heats of 

vaporization or condensation plus heat of solution to a 

smaller extent are involved. In absorption, the heat 

release due to condensation of the gas as it enters the 

oil phase causes an increase in the sensible heat of the 

oil. Since only a small quantity of vaporization occurs, 

being insufficient to absorb all the heat, the temperature 

of the oil phase increases as it passes down the column. 

In some 'cases this temperature rise may be considerable. 

This rise in liquid temperature occurs even though the 

liquid is at its bubble point (in an equilibrium stage). 

A relatively large increase in the bubble point is caused 

by the vaporization of even a small amount of a light 
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component. The heat required to vaporize this small 

amount of material is small compared to the amount of 

sensible heat required to raise the temperature of the 

material. In stripping, the opposite is true. As the 

light components pass from the liquid to the gas phase, 

the heat of vaporization is supplied by the sensible 

heat of the liquid. This, then is the cause of the 

liquid decreasing in temperature as it travels down the 

column. (1) 

Use of Absorbers and. Strippers  

These two operations, in practice, normally comple-

ment each other. Absorption is used for gas purification 

and component recovery. When used for component 

recovery, a stripper usually follows so as to recover the 

valuable components from the rich oil. Today, this type 

of equipment may be used to recover propane and ethane. 

In some instances as many as four absorber-stripper units 

may be operated in series each recovering a separate dry 

gas.(2) 

(i)Buford D. Smith, Design of Equilibrium Stage Processes, 
McGraw-Hill Book Company, Inc., New York: 1963, 
pp. 258-259. 

(2)Wayne C. Edmister, Hydrocarbon Absorption and 
Fractionation Process Design Methods, The Petroleum 
Engineer, Texas, p. 123. 



CHAPTER 2 

TRADITIONAL CALCULATION  METHODS 

Calculation proceduresfor absorption and stripping 

used prior to the use of computers were primarily of the 

short-cut type. Use of short-cut methods enabled process 

designers to design a piece of equipment in much less 

time than use of a rigorous method would. In using these 

methods, a designer must use considerable judgment during 

the calculation to obtain a meaningful prediction of 

performance. 

Sherwood Graphical Method 

This procedure was first presented by W. K. Lewis 

(Trans. AIChE 192?). However, it is known as Sherwood's 

method because of the wide usage it acquired after 

presentation in Sherwood's "Absorption and Extraction" 

text by McGraw-Hill. 

This method is based on the concept of theoretical 

plates but involves a graphical solution for the "key" 

component. The key component is one whose absorption 

or stripping factor is close to unity. The Sherwood 

graphical method of solving absorption and stripping 

problems illustrates the diffusional driving force 

6 
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graphically in a way that makes the concept very clear, 

For this method, the following are defined 

X - Mols Solute/Mel Lean Oil 

- Mols Solute/Allol Inlet Gas 

Since these quantities are defined in this manner, the 

equilibrium lines are determined by the temperature and 

pressure conditions and by the amounts absorbed. These 

lines are curvea with the amount of curvature dependent 

on the quantity absorbed or stripped. Only for the 

special case of a lean gas with a low oil/gas ratio are 

they straight. The equilibrium line is plotted based on 

the slope of the origin and at least one additional point. 

This is shown.  plotted in Figure 2-1. 

X 

Figure 2-1. XY Diagram for Absorption 

(3)Edmister, ibid., p. 38. 
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The "equilibrium" line represents the relationship 

between the liquid and vapor leaving the same plate. 

The "operating" line represents the relationship between 

the gas leaving a plate and the liquid going to the same 

plate which are in fact passing streams. The operating 

line plots as shown in Figure 2-1 for the key component 

with each stage being a theoretical or equilibrium stage. 

The equation for the equilibrium line for absorption 

can be developed in the following manner. Defining yi as: 

   

(2-1) 

  

     

     

Dividing by Vn 1 gives: 

(y.);  (2-2) 

then: 

Y1; 
(2-3) 

  



An expression for xi can be similarly derived: 

(x (2-4) 

Dividing by 1,0  gives: 

(2-5) 

than: 

(2-6) 

Combining equations and 2-6 yields: 

 

     

(2-7) 

 

X (ii-D() 

 

where: 

- sum of Y values for vapor phase components 

- sum of X values for liquid phase components 

K - slope of equilibrium line 
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A similar procedure can be followed for the stripping 

equilibrium line. 

The operating line for absorbers is simply a 

straight line having the slope 1,0/ 1, i.e. mols of 

lean oil entering divided by mols of wet gas entering. 

On the XY plot the distance between the two lines 

represents the driving force for the transfer. 

As part of this procedure, analytical calculations 

are needed to approximate the amount of material absorbed 

and to locate the equilibrium lines for the graphical 

calculations to check the analytical approximation. The 

Kremser-Brown relation may be used in these calculations. 

For absorption: 

yL. 
E 

YR,- '0 

n+) - 
?It) -1 

and for stripping: 

E 
S Xia X 0 

  

m + I 

S 
(2-9) 

   

 

where: 

A = average absorption factor 

S . average stripping factor 
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The left sides of equations 2-8 and 2-9 may be called 

the efficiency of absorption or stripping, since they 

represent the ratio of the amount actually absorbed or 

stripped to that which would have been absorbed or 

;stripped if the exit stream was in equilibrium with the 

entering stream, The average absorption factor can, be 

estimated by using: 

  

(2-10) 

 

Itiv4k t) 

    

which is based on equation 2-7, 

Combining equation 2-8 and 2-10 gives: 

n t 

k° (1+2x) 
vtlts 

1<\411r, 

>t) 

- (2-11) 
r - ‘191. 

y '1 
r 1 c 

OA, kV,  

jc• 

(1 i- 2_-A) 

where: L0 r- mols of lean oil 

Vn+ mols of wet gas 

10 mols of component in vapor in equilibrium 

with the lean oil per mol of entering wet 

gas 

K = equilibrium constant at average conditions 

tX = 0 at lean end 

iX= XR at rich end 
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Similar equations may be developed, for stripping. 

The procedure to be used is as follows: 

1. find equilibrium constants, K 

2. compute L/KV for each component, A 

3. estimate fraction absorbed using equation 

2-13, neglecting tX 

4. compute X from first estimate of absorption 

and then use equation 2-10 

5. compute fraction absorbed from equation 2-11 

using /X 

6. construct the equilibrium curve using equation 

2-7 and the slope at the origin 

7, construct the operating line and step off 

stages 

8. compare intersection of operating line and Y 

axis with value obtained for amount absorbed 

for key component on step 5. If they do not 

compare repeat step 5 using an adjusted X. 

This procedure is repeated until the result obtained for 

the amount of the key component absorbed is the same for 

both the analytical and graphical procedures. A similar 

procedure can be followed for strippers. 
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This procedure has several inherent difficulties 

when applied to certain systems. If the lean oil is not 

completely denuded, the graphical procedure becomes 

quite awkward. This is because of the presence of the 

solute in the solvent introduces another convergence 

region. Another problem is that for a multicomponent 

system the procedure becomes quite tedious. This is due 

to the necessity of plotting an X-Y diagram for each 

component to check the analytical equations. In a system 

where the phase rates change markedly at each stage, the 

plotting of a straight operating line may not be correct 

either, A wide variation in temperature also has an 

effect on the procedure. 

Kremser-Brown Approximation 

The above heading refers to a process calculation 

method developed by Souder and Brown from Kremser's 

theoretical analysis of the absorption process. The 

equations for this method are developed from the following: 

* 

 

(2-12) 
( '42.'"-^.-/Zi#••“,t'.".f1701•PI 



and: 

14 

0 X*  0 
(2-13) 

Vet ) 

An average value for the absorption (or stripping) 

factor A (or S) is used. Also the expression for the 

sums of the resulting series is used. This series is as 

follows 

n+1 
11 -17 n n- 

-17 +A 
1 

- n • n (2-14) 
R-1 

Mr )  

A I  n 1-• 17 4- 1 

9 - 1 
(2-15) 

and is a simple power series convergent as long as A4 1. 

These are combined into what are known as the Kresmer-

Brown relations. These are for absorption: 

ri t 
-P Yrk t 1  

N/ nti Ivi ti  Yo 1? / 

and for stripping: 

X t,.+ )() 

)(I'm +1 -x0 
S t 

not 

(2-16) 

(2-17) 



Si  St- S 

Vg,  YO  
L fr...)  

S#S1-- 
t• +- 

X W. 

(2-18) 

15 

These equations are used by neglecting Y0  and X0  since 

these are usually near zero. An average value for the 

absorption or stripping factor is used which is computed 

from the entering wet gas and lean oil streams at an 

average temperature estimated from the temperatures of 

the wet gas and lean oil. 

Two drawbacks of this system are that the absorption 

effect of the absorbed components are neglected, and the 

heat of absorption is also neglected. For absorbers with 

very rich gas feeds and wide variations in temperature and 

phase rates, these assumptions may lead to relatively 

large errors. 

Series Application of Absorption/Stripping Factors  

The Series Application method revolves around 

equation 2-12 for absorption and equation 2-18 
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for stripping. This method involves the use of separate. 

absorption (or stripping) factor for each component on 

each stage of the column. These factors are then 

substituted in the general equations. 

A rough estimate is made of the amounts of each 

component absorbed which is then used to calculate the 

rich oil temperature. A distribution of knockout, the 

amount absorbed, and temperature on each plate is then 

calculated using: 

    

(2-19) 

t  
*W. 

VI: 4. 

and: 

  

(2-20) 

     

VIA 4. I - VI 

These equations assume constant percent absorption 

through the column and temperature proportional to the 

contraction. Once the vapor, overflow rates, and 

temperature are computed from the above; the L/V ratio 

can be computed. Then the values of K(=y/x) can be 

obtained for every component on every plate and 

subsequently the absorption factor, A(=L/VK), can be 
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calculated. These values are then substituted into 

equation 2-12 which gives vs the absorption 

efficiencies from which the residue gas composition and 

total mols absorbed can be calculated. A similar 

procedure is followed for strippers. 

The primary drawback to this procedure 3s the 

tediousness of the calculation for complicated absorbers 

or strippers. Again large changes in phase rate and 

temperature would make this procedure difficult. If 

absorption is high, the initial assumed value of total 

mols absorbed may be quite different from actual. This 

would require several passes through the procedure tn 

obtain the correct results. 

Horton-Franklin Pviethod  

The Horton-Franklin method is also based on 

effective absorption factors for each component in the 

mixture (equation 2-ts and 2-9). These factors are 

evaluated at different plates for each component. 

Horton and Franklin proposed the following table for 

locating the effective absorptions (or stripping) 

factor in a tower and their short cut method:(4) 

(4)Edmister, ibid., p. 34. 
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Table 2-1 

Location of Effective Absorption Factor 

Value of A (or. S) Ratio (i/n)* 

0-0.1 1.0 
0.1-0.4 0.9 
0.4-1.0 0.8 
1.0-4.0 0.7 

Above 4.0 0.6 

* "i" plate numbering from top to bottom 

for absorbers, and bottom to top 

for strippers. 

In this method the amount of material absorbed is approxi-

mated and then the rich oil temperature is calculated by 

heat balance. Then from K=f/rt (assuming ideal liquid and 

vapor phases)- on each stage and the L/V ratio the 

absorption factor is calculated. This is then used to 

determine the location (i) of the effective absorption 

factor from Table 2-1. Once this is done, the following 

equations: 

V? 7: V 
(2-21) 

I 
 

T 14+1 - V1:4,  
(2-22) 

"To ) Vs 
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1:4•1 4 - V -  0 (2-23) 

along with K/7/ (P = vapor pressure, 7 = total pressure) 

are used to calculate L/V,T, and. A at the effective 

points. Using equation 2-8 the absorption recovery 

efficiencies are calculated with: 

sY iv°  (2-24) 
1 

The mols absorbed are calculated and then compared with 

the initial assumption at which point the calculation is 

ended or repeated. A similar procedure may be followed 

for strippers. 

In this method it is assumed that the per cent 

absorption is constant on each stage and that the 

temperature change is proportional to the contraction. 

As in the other methods no allowance can be made for wide 

variations in phase rates and temperatures. The 

procedure also becomes tedious for a many component 

system. Sidestreams would also be difficult to handle. 

Edmister Fethod 

This method also makes use of effective absorption 

and stripping factors; however, the approach differs from 

that of Horton and Franklin. Edmister uses average values 
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instead of plate or stage values. The development of the 

equations and necessary charts will not be dealt with 

here. The reader is referred to Edmister's work reprinted 

from the Petroleum Refiner. However, the calculation 

procedure is presented here for the sake of completeness. 

The procedure begins by making an approximation of 

the quantity of material being absorbed and by performing 

a component material balance to determine the lean gas and 

rich oil rates. Using the results from the above calcula-

tions and the temperature of the feeds, an enthalpy 

balance is used to determine the rich oil temperature. 

Using: 

 

VL  
(2-25) 

 

  

  

  

and the material balance equation, the liquid leaving the 

top plate and the vapor leaving the bottom are estimated. 

Using equation 2-22, the top and bottom plate temperatures 

are estimated. The absorption factor for the wet gas 

component on the top and bottom plate is then calculated. 

If the lean oil contains large amounts of light components 

the stripping factor must be used. 
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ge i7 

1 

X0 

(2-28) 

Using the charts or: 
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t (2-26) 

and: 

(2-27) 

determine the effective absorption factors. These are 

substituted into: 

to determine the absorption efficiency, Ea. The calcula-

tion is completed by using a material balance to compute 

the lean gas and rich oil compositions and quantities. 

These are then compared with the initial assumptions. 

The major drawback to this method is that it becomes 

a tedious calculation for most applications. Also, 

sidestreams become unwieldy. As in all other cases, a 

column with large material flows and temperature 

variations could be difficult to evaluate with this 

procedure. 
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Chapter 3 

COMPUTER METHODS  

This chapter is primarily intended to give the reader 

a synopsis of calculation methods that have been programed 

for computer use. A brief description of the methods 

used will be given along with the more important 

equations. No attempt will be made to prove or 

substantiate the procedures. An article by Burningham and 

Otto (Which Computer Design for Absorbers?) has compared 

several methods for absorbers. The basis for these 

calculations are the following equations: 

v• 7Se% •-•• ) N FYI ( V, I- S V„ 
(3-i) 

Ly1 s 

( 3-2 ) 

V$N  )4g. 14% • /4 .1. 

* 

= 
(3-3) 

22 
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These equations, which are the material, energy, 

equilibrium, and sum relationships; around an 

equilibrium stage n, are manipulated so as to be 

applicable for different procedures. 

Bubble Point Method 

The bubble point method is started by making 

initial assumptions for temperature and liquid and vapor 

rates. The iteration procedure is as follows: 

1. combine equations (3-1) and (3-2) and then 

solve for phase compositions 

2. use bubble point calculations to correct 

stage temperatures.  

3. use the energy balance to correct the liquid 

and vapor flows 

check for convergence and repeat calculation 

The use of the bubble point to correct temperatures is 

preferred since the use of dew points leads to a very 

slow rate of convergence. This is due to the fact that 

the rate of change of K with temperature for a heavy oil 

is very large while the change of K for a relatively light 

component is almost zero. Bubble point usage tends to 

overcorrect, but this can be dampened easier than it is 

to speed up a slow convergence.(5) 

(5) C. D. Holland, 1:allticomnonert Distillation, Prentice- 
Hall, Inc., Englewood Cliffs, 1963, pp. 211-212. 
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This method has been programed using the Thiele-

Geddes method with theta convergence and the Tri- 

diagonal Matrix of Amundson-Pontinen using both material 

and energy balance equations. The Thiele-Geddes method 

is described in Holland and will not be dealt with here. 

The Tri-diagonal Matrix procedure will be discussed 

briefly in the next chapter. 

Sum-Rates 

This method is also initiated by making initial 

assumptions of temperature and vapor and liquid flow 

rates. The procedure is continued as follows: 

1. use material balance and equilibrium ratio 

to solve for compositions 

2. estimate new liquid and vapor flows using 

unnormalized compositions 

3. correct temperature such that the energy 

balance is satisfied. 

4. check for convergence and then repeat 

calculation if necessary 

This method was tested using the Thiele-Geddes and 

Tri-Diagonal methods by Burmingham and Otto. Their 

conclusions were that the Sum-Rates Tri-Diagonal Matrix 

method was the fastest of the four methods tested. 
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Other Approaches 

Several other approaches to the solution of 

absorbers and strippers calculations have been 

developed. One developed by C. R. IvicNeese, in his 

article "Gas Absorber Solution by Digital Computer", 

uses trial-and-error calculations of the heat and 

material balance equations. In his material balance 

equation he makes use of the traditional absorption 

factor (A L/KV). The concept of specific heat is used 

in the heat balance equations. The reader is referred to 

the original article for a discussion of the entire 

method. 



CHAPTER 4 

PROGRAM DEVELOPMENT 

In this section the Wang -Henke method, as programed 

by Dr. E. C. Roche, Jr. for distillation, will be 

described briefly. This program was modified so as to 

be usable for absorbers and strippers. This was done so 

as to obtain a solution to a nrobl em. This solution was 

then used as data during the development of the program 

for the Newton-Raphson technique. It was also used to 

compare the two methods. The Newton-Raphson method is 

described fully including the derivation of the specific 

equations used. 

Wang-Henke Method 

The Wang-Henke Method uses the tri-diagonal matrix 

method for the solution of the linearized material balance 

equations and uses Muller's method for temperature 

convergence via a bubble point calculation. The original 

method developed for a distillation column assumed the 

column had n equilibrium stages, a condenser, and a 

reboiler. The stages were numbered from top to bottom with 

the condenser as the first stage and reboiler as the last. 

For absorption, it was considered to have n equilibrium 

stages and a reboiler. The method solves the so-called 

MESH equations: 

26 



Material balance: 
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(2  (N.)  vfo 
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Equilibrium equation: (4-2) 

= Yc — fr-A;A: 

Sum equation: ( 4-3) 

0 = 

Heat equation: (4-4) 
if • ( v- ) 4  

t 14011i t 
Pi 

The material balance and equilibrium equations are 

combined into the following: 

1, • v* ) F vti aic - D 
+- )4. (4-5) 
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where: 

c) V; + (4-6) 

for distillation. 

For absorption, the constraint V7- is 

replaced with 1 4:e-n- I since no condenser is present. 

Equation (4-5) then becomes: 

ki* 
- VI (/4-7) 

where V1 is the lean gas leaving the column overhead. 

This equation is then reduced to the tridiagonal form: 

-g1%. (4-8) 

P ,1;111 ao. + C3 4. 44 = (4-9) 

).?:1 h") ah teN 
(4-10) 

for distillation. 

Since an absorber or stripper calculation differs 

slightly from that of a distillation column, i.e. no 

condenser load, the tridiagonal procedure was modified. 

Sections of the program containing references to a 

condenser load were deleted. The Wang-Henke method is 

used to calculate an initial column profile of stage 

compositions, temperatures, and vapor and liquid flow 

rates. Since the procedure is somewhat simpler than that 
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for a distillation column, the bubble point calculation 

needed and the Wang-Henke method are simpler. These 

sections have been modified accordingly. 

Newton-Raphson Technique 

The Newton-Raphson Technique is a matrix method 

which involves the elimination of matrices within the 

framework of a much larger matrix. This method is 

applicable to the problem of general, reliable, and 

flexible computer codes for the solution of chemical 

engineering design problems.(6) The primary objective of 

Goldstein and Stanfield was to develop a system that was 

general, reliable, and flexible. Their method was 

developed using the most general form of the heat and 

material balance equations. This procedure could be as 

easily programed for superfractionators as it was for 

absorbers and strippers. 

A column consisting of i stages and separating j 

components can, at steady state, be fully described by j 

component material balances, an enthalpy balance, a mole 

fraction definition, and an overall material balance on 

every stage. These equations (defining out-in . 0) are: 

(6)
Goldstein and Stanfield, Industrial Engineering 
Chemistry Process Design and Development, Vol. 9, 
No. 1, Jan. 1970, p. 78. 
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Component Material Balance 

— • 0 +- /;, OA:  4- WI%) N ).1: 
(4-11) 

(4-12) 

— • • t ( I 

Liquid Mole Fraction Definition 

(4-13) 

Overall Material Balance 

I_ • i-  S s L  tVI: 4-- (4-14) 

The Component Material Balance equation will be developed 

fully for component j on stage I. A representation of one 

tower stage is shown in Figure 4-1. The component 

material balance, equation (4-11) is completely 

differentiated: 
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The following are defined: 
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Substituting into equation 4-15 and combining like terms, 

we obtain: ONO 

  

1:'• • - a 1- 4.-̀ • 
0 

r ,;(0:/ z r  

   

   

• Ft: N,,! 

Referring to Figure 4-2 and equation 4-12 one can see 

that a similar approach can be taken for the heat balance 

equation.. Completely differentiating equation 4-12 we 

obtain: 
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Figure 4-2. Heat Balance on One Stage 
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Substituting equations 4-16, 4-17, and 4-18 into equation 

4-20, and combining like terms, we obtain: 

(4-21) 
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In order to make use of the equations developed 

above for the heat and material balance, coefficients 

must be assigned to the x,4 L, 4 V, andAT terms. 

Referrin7 to equation (4-19), the component balance, the 

coefficients are assigned. The subscripts 1, 2, 3 refer 

to the position of' the variable in the matrix which will 

become more readily apparent later. For the component 

material balance equation the coefficients are: 

(4-22) 

(4-23) 

(4-24) 

(4-25) 

(4-26) 

(4-27) 

(4-28) 

(4-29) 

(4-30) 



(4-31) 

(4-32) 

(4-33) 

(414) 

Li 
11 err 

(4-35) 

. (4-36) 

(4-37) 

(4-38) 

( 4-39) 

(4-40) 
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The subscripts have been omitted for clarity. 

After developing the heat balance equation, equation 4-21 

the coefficients are assigned: 

v -:-5s1./)( sst.)11 

—VkH 

ocr .76 

t ss r  (v tscv)(1<, 

-Cs  = Z v( K 1- 14 e;c141--)-/- 

The one other equation needed is the overall material 

balance: 

• 
5.5 + V t SS VI: 

(4-41) 
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The ordering of these terms is shown in Figure 4-3 

for a three component, four stage tower. The upper 

portion of the matrix contains the component material 

balance (coefficients a, b, c, and d) and are numbered 1 

through NC. The line containing e, f, g, and h contain 

the enthalpy balance equation and is identified as Ni 

(NC+1). Line number N2 (NC+2) contains the coefficientss 

of the sum equation and line N3 (NC+3) contains the 

coefficients of the overall material balance equation. 

The subscripts of 1,- 2, and 3 given the coefficients, which 

determine their position in the matrix, refer to stage 

1-1, i, and 1+1, respectively. Figure 4-4 gives the 

generalized picture of the matrix for a 3 component, n 

stage tower. 

In this procedure, for the size tower represented, the 

matrix has been partitioned into a 6x6 matrix of 

submatrices. This is done to take full advantage of the 

regular structure of the problem. The method of ordering 

the component balances by component is more efficient for 

a tower with many components and few trays. The overall 

matrix will expand to the left and towards the top as more 

components are added. As trays are added, the submatrices 

will increase in size. The large overall size of the matrix 

makes direct inversion somewhat impractical. This is 
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primarily due to time and storage limitations on most 

computers. Therefore, the inversion is done by 

performing a partial triangularization of the large 

matrix. This procedure produces a much smaller matrix 

which requires subsequent inversion. 

The initialization and partial triangulation of the 

matrix proceeds as follows: 

1. develop the overall stage material balance 

entries J, K, and k; (equation 4-41) 

2. invert K and multiply the bottom row by it 

3. generate submatrices C and D on a component 

basis and the corresponding right hand side 

(RI-IS) entries 

4, multiply the bottom row by D and subtract 

the result from the top row on a component 

basis - the result being the elimination of D 

5. generate F, G, and H entries 

6. multiply the bottom row by H and subtract 

from row N1 - thus H is eliminated 

7. generate A, B, E, and I on a component by 

component basis - I is not actually generated 

since it is the entry for the sum equation and 

equal to the identity matrix 

8. invert A matrix and multiply the j component 

row by it 
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9, multiply the j component row by E and subtract 

the result from row N1-E is eliminated 

10. multiply the j component row by I and subtract 

the result from row N2-I is eliminated 

As each step above is completed, for all the components 

on all the stages, the calculation. proceeds, The result 

is shown in Figure 4-5, The area outlined in bold lines 

is the only area which requires inversion to calculate 

the A T and V values. 

The inversion procedure that was finally used. 

proceeds as follows: 

invert F and multiply G and the RHS (-,N1) 

term by the inverse 

2. multiply G and the N1 term by L and subtract 

from M and the RHS (-,N2) term, respectively 

3. invert M and multiply the RHS (-,N2) term by 

the inverse 

4. multiply G by the RHS (-,N2) term and 

subtract from the RHS (-,N1) term 

Once the inversion is complete, the delta T terms are 

located in RHS (_,N1) and the delta V terms in RHS 

(-,N2). 
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The new x's and delta L's are now calculated by back 

substitution. The J term is multiplied by the delta V 

term and the result subtracted from RHS (-,N3) to obtain 

the delta L's. The B and C terms are multiplied 

component by component by the delta T and delta V terms, 

respectively. The result is subtracted from the old 

compositions to obtain the new compositions. 

The above procedure represents one Newton-Raphson 

iteration. The computational procedure is continued 

until the convergence criteria are satisfied. The 

procedure represents a more generalized or hierarchical 

Gaussian elimination of matrices, rather than elimination 

of elements.(7) The Fortran listing of this procedure is 

given in Appendix I. 

(7)
Goldstein and Stanfield, ibid., p. 80. 



CHAPTER 5 

PROGRAM PROCEDURE  

A necessary part of any iterative method is the 

input and output information plus any supporting 

subroutines. In this chapter a flowsheet for the program 

will be given along with a short description of the other 

subroutines used. The input information necessary will 

be described in detail with an example given. 

Program Flowsheet  

A computer program must follow a logical sequence of 

events during the calculation. In Figure 5-1, the.flow-

sheet for the program is presented. Referring to the 

figure, the procedure is as follows: 

1. initialize program 

2. read' input data and print 

3. initialize stream rates 

4. print initial rates and compositions 

5. normalize compositions 

6. solve iteration method 

7. scale corrections 

8. check for convergence 

9. return 

10. print stream rates and compositions 

11. a. if converged, print final output 

45 
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Figure 5-1, Computer Program Fiowsheet 
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b. if not converged, repeat 5-10 

12. do next problem or stop 

• Each of the above functions is performed by one or 

more subroutines. These subroutines can be broken into 

major and minor groups. The major ones perform basic 

steps as detailed above and the minor ones fulfill 

supporting rules. All of the subroutines are listed. in 

the appendix. 

The following will. be  considered as major subroutines 

that are common to both iteration procedures: 

INPUT - reads necessary control data, initial 

temperatures, pressures, heat loads, and 

calculates initial profile by Amundson's 

method 

CDATA - reads component data, K-data, enthalpy 

data, and curve fits data 

FEED - reads feed data: rates, temperature, 

pressure, entering point of feed 

OTPUT - prints final material balance 

The minor subroutines are desccibed: 

KGEN - uses K-data to calculate K as function 

of temperature 

HGEN - uses enthalpy data to calculate it as 

function of temperature 
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EQUA - evaluates pol.ynominal coefficients, used 

for data 

PIPIT - curve fits data by regression analysis 

WAYA - converges on a single value 

MNRITE - prints out tray summary during calculation 

FLASH - performs flash calculation on column feeds 

MINV - matrix inversion 

ALNUM develops integer equivalents of numbers 

There are also subroutines which are needed separately 

for each method. The subroutines used for the stage 

oriented Newton-Raphson method are: 

ABSR1 - main calling program 

INR - stage oriented Newton-Raphson and 

convergence check 

ABCD - stage oriented Newton-Raphson 

GET(I) - calculates K and enthalpy data plus 

derivatives on a stage by stage basis 

The subroutines for the Newton-Raphson component oriented 

method are as follows: 

ABSR2 - main calling program 

MATRIX - Newtor-Raphson procedure and convergence 

check 

INI Newton-Raphson procedure 

ENTHAL - Newton-Raphson procedure 
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COMP - Newton-Raphson procedure 

SUBST - Newton-Raphson procedure 

ZERO - sets a matrix 'equal to zero 

EQUAL - sets one matrix equal to another 

MPLYM - matrix and vector multiplication 

GET - calculates K and enthalpy data plus 

derivatives for all stages 

The subroutines which form the Newton-Raphson 

iteration procedure are given in Appendix I. In order 

to give the reader a cohesive picture of both programs, 

a listing of both in their entirety has been included. 

In Appendix II, is located the program using the Newton-

Raphson component oriented procedure with Amundson's 

initialization procedure. Appendix III contains the 

Newton-Raphson stage oriented procedure with Amundson's 

initialization procedure. Either program may be used to 

obtain a problem solution. 
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Input Information  

The following section describes the input requirements 

for both programs and the sequence of the data cards. 

1. Title card, columns 1-80 

Any information desired to describe the 

problem may be included on this card. 

2. Control card 

All data on this card must be punched within 

the specified space right justified. 

a. Columns 1-5 Number of contact stages. 

excluding reboiler 1 N 20 

b. Columns 6-10 Number of components 2 C 15 

c. Columns 11-15 Number of feeds 2 lc.- F 6 

d. Columns 16-20 Number of side stream and/or 

interstage heat exchanges 0 SS/Q 5 

e. Column 21-25 Number of vapor-liquid 

equilibrium data points supplied as a 

function of temperature and pressure for 

each component 2 = K 15-- 8 

Two (2) has been found to be best 

f. Column 26-30 Number of vapor-liquid 

enthalpy data points supplied as a function 

of temperature and pressure for each 

component 2 H 8. Two (2) has been 

found to be best 
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g. Columns 31-35 Number of iterations 

h. Columns 36-40 Design variable - always 

equal to 2 

i. Columns 41-45 Print output code 

3 Input and Output 

2  1 + trial data 

1 2 + all data 

4 3 4- error print cut 

j. Columns 46-50 Column type 

1 simple absorber 

2 sidestream and/or interstage heat 

exchanger 

3 strippers 

4 reboiled absorbers 

3. Design parameter card 

a. Columns 1-10 heboiler heat load kiqBtu/hr 

b. Columns 11-20 Overhead vapor rate, mots/hr 

4. Temperature card. 

All temperatures must be entered with a decimal 

point and are in degrees F 

a. Columns 1-10 Column top tray temperature 

b. Columns 11-20 Column bottom tray temperature 

c. Columns 21-30, 31-40 If desiredi a temperature 

at some midpoint in the column may be 

specified so as to allow for a two straight 
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line temperature estimation 

Columns 21-30 tray number 

Columns 31-40 temperature 

5. Pressure card 

Pressure is specified in psia and it is assumed 

pressure drop per stage is uniform. All data 

must be entered with a decimal point. 

a. Columns 1-10 Top tray pressure 

b. Columns 11-20 Pressure drop across the 

column 

6. Feed definition cards 

For each feed stream there will be one complete 

set of cards. For absorbers and strippers the 

oil will be fed at the top tray (tray no. 1) and 

the gas at the bottom (tray no, N). If any 

other feeds enter the column, at a location 

other than top or bottom, they will be listed as 

entering on the higher numbered tray 

a. Specific feed data 

1 Columns 1-12 Feed name 

2 Columns 19-20 Feed stage number, right 

justified 

Feed conditions 
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Columns 21-30 Pressure, Asia 

Columns 31-40 Temperature, °F 

Columns 241-50 heat content, IViMBtu/hr 

4 Columns 51-60 Feed preheat duty, 

MMBtu/hr 

4- heat added 

- heat removed 

b. Feed component data, mo3s/hr 

Columns 1-10 Component 1 

Columns 11-20 Component 2 

etc. etc. 

If more than 8 components are present, 

additional cards should be used, maximum of 

eight components per card 

c. Feed equilibrium data 

If the feed heat content is not given, the 

battery limit liquid-vapor equilibrium data 

must be supplied so that the necessary feed 

flash can be performed so as to determine 

the associated enthalpy. If the heat content 

if specified, then this card must be 

omitted 

Columns 1-10 Component 1 

Columns 11-20 Component 2 

etc. etc. 



• Sidestream and/or interstage heat exchangers 

If there are no sidestreams and/or interstage 

heat exchangers present, this data is to be 

omitted. The following data is supplied on 

one card for each sidestream and/or interstage 

heat exchanger. 

a. Columns 1-5 Tray number, right justified 

b. Columns 11-20 Vapor withdrawal, mols/hr 

c. Columns 21-30 Liquid withdrawal, mols/hr 

d, Columns 31-40 Heat exchanger duty, MMBtu/hr 

heat removed from stage 

- heat added to stage 

8. Component data 

The following data is supplied for each component, 

one card per component. 

a. Columns 1-8 Component name 

b. Columns 11-20 Molecular weight 

c. Columns 21-30 Density, lb/gal 

9. Liquid-vapor equilibrium data 

At least 2 data points must be supplied per 

component, the maximum being 8 

a. Temperature data (one card) 
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Columns 1-10 Temperature #1, °F 

Columns 11-20 Temperature #2, °F 

etc. etc. 

b. Pressure data (one card) 

Columns 1-10 Pressure #1, psia 

etc. etc. 

c. Componential liquid-vapor equilibrium data 

(one card per component) 

Columns 1-10 K-data corresnonding to 

Temperature #1 and Pressure #1 

Columns 11-20 K-data corresponding tc 

Temperature #2 and Pressure #2 

etc. etc. 

The program will interpolate and extrapolate 

the data based on the K-data temperature 

relationship 

T (YR) 

If all of the K-data is specified at the same. 

pressure then all the data will be pressure 

corrected assuming that 

Pressure * K-data = constant 
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10. Liquid-vapor enthalpy data 

At least 2 data points must be supplied per 

component, the maximum being 8 

a. Temperature data (one card) 

Column 1 Enthalpy units code 

1 Btu/lb-mole 

2 Btu/lb 

Columns 2-10 Temperature °F 

Columns 11-20 Temperature #2, of 

etc. etc. 

b. Pressure data (one card) 

Columns 1-10 Pressure #1, psia 

Columns 11-20 Pressure #2, psia 

etc. . etc. 

c. Enthalpy data (two cards per component) 

1 Vapor enthalpy data (one card) 

Columns 1-10 Enthalpy data corres- 

ponding to Temperature #1  

and Pressure #1 

Columns 11-20 Enthalpy data corres- 

ponding to Temperature #2 

and Pressure #2 

etc. etc. 



57 

2 Liquid enthalpy data (one card) 

Columns 1-10 Enthalpy data corres- 

ponding to Temperature #1 

and Pressure #1 

Columns 11-20 Enthalpy data corres- 

ponding to Temperature #2 

and Pressure #2 

etc. etc. 

The program will interpolate and extrapolate the 

data based on the following relationship 

11. Problem Termination 

At the end of each problem, a control card must 

be placed consisting of 

Columns 1-4 4)44 

Located in Appendix IV is a sample Fortran input 

coding form. A listing of the data used for each problem 

is also located in this Appendix. 



. CHAPTER 6 

DISCUSSION OF RESULTS AND  CONCLUSIONS  

The original intent was to make the necessary modifi-

cations to a distillation program using the stage oriented 

Newton-Raphson matrix procedure so as to obtain a solution 

to a simple absorber problem. Once the problem was 

solved, a comparison solution was available during the 

debugging of the iNewton-Raph on matrix method that As 

component oriented. 

The initial coding of the component oriented procedure 

involved a. total inversion of that portion of the r;.atrix 

shown in Figure 4-4 labeled FGLM, after an initial 

compaction. For a total inversion, a compaction is 

necessary in order to eliminate the zero terms remaining 

in each matrix if a column contains less than twenty (20) 

stages so as to obtain a valid inverse. The corresponding 

right hand side terms (N1 and N2) are also compacted to 

eliminate zeros. The resulting inverted matrix and 

vector, respectively, are then multiplied to yield the • 

delta T and delta V terms for each stage for that 

iteration. Indicated delta values on the order of 

104-107 were obtained from this procedure after several 

iterations. 

58 
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Since it was obvious that an error was present, each 

portion of the procedure was individually checked. The 

solution from the stage oriented program was used for this 

purpose. In theory, if a calculation procedure is corrects  

then supplying the solution as input data should yield 

identical output. However, this did not occur with the 

component oriented procedure. In order to locate the 

errors in the procedure and to verify the coding, the 

material and enthalpy balance entries were set equal to 

zero so that no modifications to the input would result. 

Here, again, no solution was obtained. By varying the 

entries which were set equal to zero, we were able to 

determine that the equations were derived correctly and 

also were able to uncover errors in coding. 

Once it was proven that the equations and coding 

were correct, the only other source of problems could 

have been the inversion procedure. At this point, it was 

decided to perform a partial, instead of total, inversion 

of FGL11 without a compaction of the respective submatrices. 

The procedure is described in a previous chapter. The 

incorporation of a partial inversion into the system 

yielded output results very nearly identical to the 

solution answers used as input. 
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The solution to the first problem obtained from the 

component oriented method is included in the appendix. A 

total of seven iterations was required versus the six 

needed using the stage oriented method. 

A second simple absorber problem, labeled number four 

in the appendix, was run using both procedures. Initially, 

this problem would not converge using either procedure. A 

check of various data sources revealed that, for the 

heavier components especially, there was a discrepancy in 

the k and enthalpy data. The initial source of data was 

the appendix contained in Design  of Eouilibrium Stage 

Processesby Buford Smith. Smith's original source of data 

was the Data Book on Hydrocarbons by J. B. Maxwell. The 

difficulty was that the data in Smith's book is only a 

partial representation of the original data. For many 

components, Smith indicates a dashed line for liquid 

enthalpies at temperatures past the critical point. For 

most materials an extrapolation of the saturation line 

tangent to it will yield more realistic results. 

Similar variations in k data, due to different methods of 

plotting, were also present but were not as extreme. 

Since no data for the oil phase was included in the 

problem statement other than molecular weight and API 

gravity, it was assumed to have a very high enthalpy and 
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very low volatility. After using information obtained 

from la.xwell which correlate the molecular weight and API 

gravity with the mean average boiling point to yield the 

enthalpy, it was found that the above assumptions were not 

necessarily valid and caused large errors in calculation. 

The first set of data used also caused problems with the 

feed flash calculation in that it would not converge. 

Once a correct and consistent set of data was used, this 

error disappeared. 

The conclusions to be drawn from this problem are 

that if the column conditions, temperature and pressure, 

fall near or just beyond the critical point on the 

enthalpy graph, it is best to assume a tangential 

extrapolation of the saturation line instead of using the 

dashed lire is normally presented. If problems with 

feed flash do arise, this is a good indication of an error 

in feed heat content and in the liquid enthalpy data. 

Both procedures should be able to handle a column 

with side streams and/or heat trays. In order to verify 

this, an absorber with an intercooler on two stages was 

tested, problem number two in the appendix. Initially 

this calculation would not converge using either method. 

It was felt that the initialization procedure used gave a 

poor initial column profile for this type of problem. A 
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linear interpolation of the input conditions across the 

column was made using the following assumptions: 

1. liquid compositions• on stage 1 equal to feed 

composition to stare 1 

2. liquid compositions on stage NT equal to 

composition on stage 1 plus a varying 

percentage of the vapor feed to stage NT from 

light to heavy components 

3. liquid flow leaving the column 30/,  

higher than entering 

4, a linear change in compositions and flows 

from top to bottom 

This procedure was coded and was made a part of the 

component oriented procedure. By using a "logical if 

statement", the program would bypass the original profile 

calculation and use the above. This procedure did not 

work and was subsequently abandoned; however, the coding 

is still present in the program but does not form part of 

the calculation. 

At this point Dr. Roche requested Mr. E. Wells of the 

Foster-Wheeler Corporation to run the problem using their 

program from which a converged solution was obtained. The 

enthalpy and k data used with the programs at Foster-Wheeler 

were compared with that used with these programs given here. 
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The comparison revealed problems with both the enthalpy 

data and the k data. The discrepancy in the enthalpy data 

was due to the same problem as discussed for the previous 

example. The k data used with the Newton-Raphren proce-

dures was observed tc contain a discontinuity which caused 

large errors in compositions. The composition errors were 

caused since the derivatives of the k data, due to 

temperature conditions An the column, were being taken at 

a point with a very large derivative with respect to 

temperature. The large derivative was due to a difference 

in the pressures used to evaluate the data. Once the 

Correct data set was used, both the stage and component 

oriented methods converged to a solution. 

With respect to k data, one can draw the conclusion 

that it is imperative that a consistent set of vapor-liquid 

equilibrium data be used, representative' of the actual 

column operating conditions. 

Since a stripping operation is analogous to 

absorption, except with the mass transfer being in the 

opposite direction, a steam stripping example was tried; 

but would not converge using either procedure. The same 

problem with discrepancies in data was discovered but 

corrections here did not improve the calculation. Again, 

it was felt that a linear interpolation of the input data 
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would yield a better starting point than that being used. 

The following method was used: 

1. a uniform liquid composition was assumed 

on all the stages 

2. condensed. steam was assumed to be.not 

present 

3. liquid rate entering the column was equal 

to the value obtained after the flash 

calculation 

4, liquid leaving was equal to 80% of that 

entering 

5. . a linear change in flow rates across the 

column from top to bottom 

The linear inierpolation was coded with the component 

oriented procedure and entered by using anlogical if 

statement': This procedure did provide a better initial 

point for the calculation and did yield smaller errors in 

temperatures and flow rates but did not converge. 

However, the component oriented method did get closer to 

the desired overhead product rate than the stage oriented 

procedure. The temperatures calculated with either 

procedure oscillated badly from iteration to iteration. 

Generally, both procedures presented in this paper 

are capable of solving absorber calculations with equal 
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efficiency as related to number of iterations required. 

The stage oriented procedure appears to be much more 

efficient for the solution of absorbers with sidestreams 

and/or heat trays requiring on the order of 65% as many 

iterations as the component oriented method requires. In 

their present form, neither procedure is applicable to 

strAppers. 

It is recommended that two point data be used for any 

particular problem as long as the temperature range is not 

large. The program performs a smooth interpolation of the 

input data by a regression analysis and since absorbers 

operate under somewhat pseudo-equilibrium conditions, 

greater accuracy obtained by using more than two data points 

over a narrow temperature range is not especially warranted. 



CHAPTER 7 

RECOMMENDATIONS 

In order to further verify the procedures, several 

other solved absorber problems should possibly be run. 

These may be obtained either from sources in the 

literature or possibly from industry. 

Since neither procedure is now applicable in its 

present form for the solution of stripping columns, 

further work should possibly be done to determine what 

problems exist in the programs. Once these problem areas 

are defined, a solution to them should be incorporated 

into the programs. 

The case using a reboiled absorber was not attempted 

with these programs. Possible modifications to them 

should be considered so as to expand the area of use for 

these programs. 

As discussed earlier, a total inversion of FGLM would 

not result in a usable procedure. Since the work of 

Goldstein and Stanfield indicates a total inversion can be 

used for distillation, further studies should be undertaken 

to determire the reasons behind its failure to work here. 

The use of the total inversion may have an effect on the 

total number of iterations required for a particular 

proble . It may he possible to reduce the required 

66 
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computing time by changing the inversion technique. 

Lastly, it may be worthwhile to further streamline 

the program to gain more efficiency of operation. 



APPENDIX  I 

68 



FORTRAN Iv C/Fq, L3,';) 3'1URCE L1STINcA SOP, RGOTTNE 0 4 / 10/73 PAGE 

16- .20iti.M.2.04..C..Y.J21)..1_. 
7 C 

PATA 

20 C 
21 WRITE .(6-.•2) 

_ 

23 2 FORMAT t1H1) 
24 4 FORMAT(/) 

NIUNF*10 
26 0 399 NIT:3100El 
27 C 

taixj-IT 
29 51,1=0.0 
30 DO 11 J=1,"';C 
31. al. 511MIBSUM40C1.,101) 
32 DO 12 Jul/NC 
33 12 X(,),/)=X(JII)/SIPi 

_ NITILL,LE 
35 CALL GET 
36 C 

_._37_.._. 
CALL ENT AL 

39 CALL OMP 
_CALL__S_U f2,5T 

41 GO TL (5r.1.,501,51,5 2-!ALOt' 
42 502 COPTINIIE 

44 C THE ERRORS EACH STA(E ARF PRINTED.  
45 WRITEt6s2) 

47 c 
48 DO PO 1=1,;iT 

.—A9_.._ 40____.YRIJE( 03.1.A.AHS_CIA N 3 )4,?tiStI,02),RHSALL11) 
50 402 F0RMAT(//10x 1  uNSCALE.D COMPUTED CORRECTIPNS,  

6? 0001 
002 
0903 
0k2A 
0005 
0000 

_DO L7 
OW3 

0009 

0011 
0012 

5 

Q017 
0016 
0019 
0020 
0021 

002-2 
00'23 
0024 
0025 
0026 
0027 

0029 
0030 
0031 
0932 
0032 

00 -3 
003E 
0031 
003-E 
00.3.9 
4 td 
004 1 
0042 

 0041  
0042; 
00.4!! 

0041 
004 
004c 

L-941:-DTRON STAGE' 0050 

1 SIPI“WIT.V.;E  MATRIX (4,1*) 
2 C. 
3 COMMON // X(15i20)0v(201,4(2.0),QC20),W(20),  

t 2DIAIA1201,, Et16.; 2.11 ) 
5 HF(20,APP (20,0GADIST 
6 coRWIN 

1 

/COmTRL/ C,NTILDCANTO,NTM1AKTOP,, 
JUANz.r..3.1 

8 coNmoN /DATA/ 144.(150.20))4Kt15220),HVV(15,20), 
9 I1LL(15 / 201,011v115,20 ),OHL(1502010 

2 -10 
11 
12 

--t-a 

COMON 

1 

/FIX/ 4 (20,2:)) , (20,20015),C( 200 20,10,  
Et AFt2,20)", 
AJ(2v1iHSIzoti8), 

14 3 (..; (20'2;5. ° AL (2d,20',"(20,20 
5 C 

7NP"AX/C:$001/A0LMAX/0,001/pDTM4Y/0.05/ 



•:ATRTX SUFT.rjUTIAE FrIKTRAN IV (VER SC)ORCE LjsTIWri 

52 C 
53 C CALCuLATE CORSCTIPWi FOR p.AC8 STAGE 

55 
56 

58 
59 135 

61 C 
62 C PINT CORRECTI0NS Fork EACH STA':,E 

64 ,,14,ITE(6,4) 
65 DO 136 I=1ANT 

-1111_T A,A01)_1.04X1.1_1_1_,_CY_111,_r_TAILL.. • 
67 403 FFMAT(//1c4 1  CkPRECTED L-V-T o5IN0 uNSCALED C0RPCTIONS W 
68 1 I5//10X(1P3E18.5)) 

70 5o1 CONTINUE 
71 C 

73 C (I) %AxPum ABs(uv).0",0vmAx vag VAPOR FLOW 

74 C (2) ;;AximUM Afis()L) LT,0LmAx Lis L01010 FLOW 
_15_C _43)_ Os(1.1724.T...A_DIOAX Tm TEMPOATURi 
76 C SCALE COR.RCTiNS IF TM) ..r-CAVSE FOR'SCALINC 

(1) ,,v.roT•0•20*1/ 
_ _ (21 1-.3T•31.21:.L 

(3) J.61',20,0 

86 DP 145 0=1:0.  

88 Dv=AmAX1(OS(SHS(MAN2))/v(m)Dv) 
89 oLs:AmAX1(AS(RHS(mAN)?/x0r1),DL) 

DI.!AHA.).(l_t*S011SiMLN11)40:1 
91 C 
92 IF(0VoLT,OvloAX.AD.DL.LT .DLMAX,AiZOT,LT.0TMAX) NIAME=1 

—3 t  
94 505 00 150 Ial,NT 
95 no 150 00.14

c 

- 97 IF(RHS(I,J),LT,1,0E-6)6- 5.06 
98 IF(RHS(10.1),LE0090•JR,RHS(I,J)405,1.0) GU TO 509 

100 506 IF(RHS(IAJ).LE..1.6)105(10J)%X(J;I)/2.0  

...aa5 
002.  
003 

0055 
0056 

 4452 
0058 
0059 

00t1 
0012 
0163 
00•b4 
005 

__A064t1 
STAGE10067 

0068 
_00119 
007Q 
0071 
0.012 
0073 
0074 
0075 
0076 
0077 

007 

00e1 

00E'i 

00f:! 
OUt 

00Si 
00Si 
9(  
0091 
009; 

09t 
00;;:! 

005- 

009 

10(  

1715 1=1,!4T 
CTA(I)=T.(T)+RHS(I,N1) 

)=XLA1J+RHS(I4h3, 
CV(I)=V(I)+W4S(I,N2) 
CrITINuE 

_ L)C.CAT,21__APATE_OLZI 

77 C 
78_C_ 
79 C 
80 C 
81 
02 
83 
84_ _ 
65 C 

v=0 ,0  
PO:00n 
DTc0,0 

_Stjj159.=9'. 

04/10/73 PAGE • 



04/11/7a PAGE 

.___101_____15.12__MIL_IIJE _. 7/ ova 
102 0 TO 50T . • . 0102 
103 509 NDONE:o. • 010 

_ .1..04________1111_15.5_1.414.10'....._____ . 01 c4 
105 Co 155 J=1,i'T 0105 
106 CX=R1-!S(i,,J)“(J.I.1) 016 

_ __l(g ______ _ __ !:!.H3A-LPA ) F_X 1.41.1)t5.11'4C X i ic4)_   --0,14,-•7 
108 155 COKTINOE oloa 

- T• - - 019 109 GO 0 50w,  
___11.0.._C _ ._____. ._0110 

Ill 51'.;7 D0 1.51 I=1,“.iT 61121 
112 IFOOS(RS(103)),c,T,0=2(2,001.).R,e-S(RHs(IAN2)). 0112 

..._413_._ __II:A e .9  e.2.4.Y.Lq .1).. ). 1111.J/1_ .z.4.g _4113 
114 158 ComTIHQ6 
115 GO TO 51; 

117 00 160 Ic1pNT 
11P RHS(I,N3),H5(1/1, 3)*.5 

119- _AMS114Li2-1,71-th544/ A Li2141,5  
120 160 cnNTINUE 
121 Go 70 507 
122_4 
123 510 :)II 165 1=1,1,T 
124 IF(Aas(Rs(10N1)).GT.2.0.f)) on TO 511 

—125 16,5 CUUTIALLE 
126 GO TO 512 
127 511 it )0ME,10 

129 DJ 166 1=10NT 
130 RH5CIPHOmPA-15(I,M1)*,5 

L431 168 CTATIALLE 
132 GO 11) 510 • 

' 133 512 do 170 x.q,NT 

 

 

an Ill Jz1rVt 
135 171 x(J,I)=RS(IPJ) 

i 136 XL(I)=XL(I)+HS(1/ 3) 
1 _1.37_ ....21(.11/m.V11)Az113114 2.) 

136 TA(1)=TA(1)+RHS(I,N/) 
139 17C1 CONTINUE 
.1.40_._C ._  
141 
142 

.1_4a 
144 
145 404 

1
147
48 

- 
150 C 

A FORTRAN /V (VFR 1.3) SVRcE LJSTIMI;s SOIAPOT1NE 

0.114 
011,5 

0117 
011'6 

0121 
0122 
0122 
0124 

 0123 
0126 
0127 
012g 
0125 
013 

_au]. 
0122 
ols2 

 0134 
6135 
(1.36 
0137 

IF(LD0C,EQ.1) GU Ti 513 
IF(LOUCe'21.2) WRITE(6A2) 

SLA4_04) NIIPSUASI.),;q.0%.!PC4- 
'RITE(6,4) 
FORMAT(//1011  1TFRATION M,!M8ER/ 15// 

0712__IQUAEVI F20./ 
212x' PT fi4x 1  F2806/12X 1  t>.x OV/V,F26,6/ 
312X,  M4X OL/LIF2(,,6) 

___IFILUALAt5k.2.1a111,1U0AniTA15) WRITE(61-2) 

01.” 
0119 

_01 kg 
0141 
0142 
014 
0.144 
0145 
0146 
0147 
0148 
Q149 



A FORTRAN IV (VER L3) SN1RCE LISTIN(A 4aRlx suBovTINE 011/10/73 PAGE 

.-15.3._ TO LL1-3-1-5 _GB 5 4 , c I. 4 ) , C__. _LED 72. _051 

152 514 CALL MI.OliTt . 
153 

—154 C 

513 

- - 

IF(N0O4E.NEO) Gil TO 515 015.3  

-015-4 
0155 155 399 CEPTINUE 

156 C 0156 
_.1.57. .111_111 515 0157 
15$ C ' 015.6 
159 515 IF(NDOE,W.0) GO TO 516 0159 

161 405 F11RMAT(///20, ;.,F1 CLWSURF flITAIND OH PRQBLEM/i 0161 
162 120X, FOR SPECIFIED NOME-i;,; OF TRIP-151 M) 0162 
163 -- _ARTTEA642) kua 
1b4 CALL MWRIT 0164 
165 RETURN 2 

167 516 GO TO (6P0,600,70,70), LUOC 0167 

168 600 jRITE 016P 
_149______CALLALE11.1 
170 C 0 7.0 
171 700 RETURN 0171 

--427 2 - cmr, 0172 



29_ _ _________+ _  1A(1...1_3, ).•_AK (1.24..),_0(4.10 ) 

BOCK N3 

Q197 
0198 
OVP9 
A2ao 

29 Po IQ I=1,T11 021 
30 Aj(/A 1)=-1. o2.2 
.31 _ .4.4  c_ii_L±1..) Rio__ 0213 
32 10 CONTINUE 0214 
33 AJ(NT,NT)=-1, 3205 

 c 34 ant? 
35 C AK MATRIX IS SET E:WAL TO ZERO AND THEN THE 02,)7 
36 C NON-ZERO TES ARF Cn MMPOTE R  028 
37 __CALI _1E+121_1 Ak_p_NT.2.a.1__.. 02o9 
3R AK(1,1)41,1'. : . 0210 
39 DO 20 1=2 
.0 AILLII)=..1.1 

,',J .0211 
022 

41 AK(IAI)=-1. 0213 
42 2° CCP'TINiiE 0214 
43 C_ 0215 
44 C Dy ;.1* ' 0 SIDE OF THE MATERIAL RALANCF IS DEVFOPED 7-62115 
45 C .0217 
46 RHs(1/P3)=W1)+JSJ)+V(1)+W(1),419C+1L1)-V(2) 02 
47 
48 

PO 30 T=2,711 
RHs(I,N3)=L(I)+11(1)+V(I)4.v(1)-F(NC+1,1)-XL(1-1)-V(I+1) V 

49 30  CONTINUE 0221 
50 RHS(NTA 43)=XL(NT)+O(:)T)+V(NT)+W(N1).,f(NC+1ANT),XL(MTN1) 02.72 

21 
C  
C DEVELOP DOR/1LL t$ATERIAL BALANCE E '° TRIES  

22__L 
23 C AJ MAT01X IS SET F)UAL IC ,ZERO AND THEN THE 
24 C NT1..ZERO TER.-1S ARF CDMPUTFO 
25 C 
26 
27 CALL ZFRO .(AJANT20) 
25- -C-- 

CALL ZETvAP5,360) • 

.4491 
0192 
0193 
0194 
01e?5 
011'6 

IA FORTRAN IV (VER sciuRce LisTP\4;i 04/10/73 PA(;E 

1  SUkRWTI; F IA 7,1 0173 
2 C 0174 
3 COMM014 // X(15,20),V(20).0(020))0(20),W(20), 0175 

Lu
j
iti.  

6 
COmMON /CONTRL/ HF(20),PF(20);QGpr T 5 2 0177  

.;CANTs10.7C,NTO,NTM1,KTOP, 0178  
7 1  N1iN2A;11113i43/N12a 01_79  
8 COMMON /DATA/ WK(15,70)ADK(15,20,1"(15,70), 01.f.,'0 
9 1 HLL(15.1120),DHV(15020)r`)HL(15,201, 0 VI 

_i_o__ — _ YA4-51..?  -, $ 0.52 
'-61:"AoN /FIX/ 11 A(2CP0,0"20'20'15)1(.(20'20'19)1  

12 I E 
01::3

- 

 

A J 31201.2  c Lt." -S-L2r fit) P 

  OP=4 

G(20,2:-;;PAL(2., 0 ,AM(20p20) it --ia 
 

15 REAL 

17 C 
18 E')IvALE: Cr,. 

sm(20,1,20),SV(400), 011:57 
_ .A.K.1_24.2.2010_12.4,z2.01______ _ _0130 

(S:4(1,1)#$V(1)), 
01,'9 
0190 



F [MIRAN IV (vER L3C) SnuRCE LISTIN . 101 suriRriuTINE 0 4 / 10/73 PAGE ( 

022.3 
52 C ..GENERATE VIS DE SUA EQUAlloN 

53 00 31 

55 31 colIT1N0F 
56 C 

022„4( 

0225( 

02.27( 
0228f 
0_2)9( 

58 02.10( 
59 Oft 34 N=1ANT 0251( 

_0_2321 
63. 02351 
62 SV(L)=AK(MJN) 0234' 

..... 
64 34 coNTxmvE 0236.  
65 C 02:37' 

020 
67 C 0239 
68 CALL mIwN;(sv / NT,0ETRAAY(1.0.),AK(1,2)) 024.0 

70 Ligo • . 0242 
73. On 38 Na10 .:\J 

0244 
73 L=L+1 0245 
74 AK(mp;0=sv(L) 0246 

76 36 Crii,.!T 0248 
77 C 0249 

0250 
79 C Rh$ FOR MATERIAL ALAt,cr. f-2QuATinoi 02.51 
80 C 0252 
61_ GALL icIFIr iqq AK A  Ajl.‘Sm, ,̀J1 0253 

82 CALL 4qUAL(4,10.5M,NT) 025.4 
83 CALL HPLYV(4K,RHs(10:13,sv,NT) 025.5 

AL_4_,_ fj-4-151L, 1,•_51/1 ) 021-6 
65 0257 
86 C GEPFRATE C Pi. ,..T CF C0MP0NE:1 114TERI AL 02 

wi-41c uRDERFD C':..11Po\IENT 14isE 025 
88 C 026C 
89 C SET C PiATRIX CAJAL TO ZERO FUR COMPQmENT 0261 

c__ ..tkP11) GPEPATE N014—ZER,i3 TEF0,1:5 . _____.._..._.—.02(.2 
91 C 026,3 
97 00 53 J=1, HC 0264 

026t 
94 00 41 1111 ,( Tl1 02t.Tre 
95 C(ip1,4)=WKCJ,I)*X(JiI) 0261 

(14...1.±14.2,1)=—','IK(4212+.1)*5c(J_OtA) ..026E 
97 41 C ONTO"F. 026 
98 C(1.4T,IITA4)=wK(J A T)*X(.1,T) 027( 

100 C ETiE R A T M 027; 



A FORTP401 1..,, (`,EP.  1.3.1 50uRCE CISTINI].i V41 SORbuTIME 04/10/73 PAGE 

_19_1_ .C_    fAUY liUDED Ay TAIS III  1E 2S.".  0273 
102 C TO M001Fv C OATRIX ACD4.5SOCIA1E0 RHS' . " .02f4 
103 C .0.2” 
1ff4________cAlt_lafia_ILAA122,) 0276 

in ' f.(1.0).,x(J/1.) 02 
0277 

7 
Iv r: a  42 L=2.0_4 T  0279 

02P 0 
0.”1; 

..02F32 
02P3 
02P.4 

411 C   av5 
114 DO 4,F,3 1=1,NT 026 

02P7 
z fLk 

02';9  
OVO 

 02'41  
0292 
0293 
0294 
02.5 
02'6 
0297 
029 
0299 
0300 
0301 
0302 

_03n3 
1,K, 0304 

  

0305 

0307 
03 
03C9 
0310 

  

  

108  
109 D(TAT)*X0,1) 
1.10__ 42  LANTINUI1 
111 C 
112 C GEPERATE OiS FnR EAU CDMPFilT 

. . _ 
123 Isj)-P(I,K)30,1-iS(KAril) 
124 48 

-.12.5...._c  
126 C MULTIPLY 0 * AJ AND SUBTRACT FRr3r1 c• 
127 C 

129 C 
130 no 5C 

in c(1,K,J).c(T,K, 
133 50 CC.3t4T i.0,)E,- 

135 53-  CnNTIwiF-: 
136 C 
137 UR.I'3_ 
13S E 

115 RHSILPJ)-F(J,I) 

117 C 
118 C '11.1LTIFLY 0 * RHS(..),N3) twr 

_119 C suRTRAcI_Fpwl R_HS11_,.1) 
120 C 
121 DO 48 I=1:N1` 

_41_1(alp T 



PAGE 

6 

0311 

Wil.f" 

°O;11:(! 
01.1 

JE 
0321 
Q122 

N FORTRAN 

..1 

1 
__A_ ____... 

5 
6 

IV (VER L30 51URCE LIST1Mc; 04 10 

St.RIM.rIe.:E laTHAL  
. 

CUmMOD // 
_.1_ .._ 

2 
COMMWg /C(MTRL/ 

2c 
 X(15,20),v(20),X4(20,11(20)AW129),  

.22(2.0.a.1-1 (.201,..ai.20 ) LiA.1,2,01,11.1.6.12gi ).4.... 
AF(2.0 ),PP(20) / (4ADIST 

'C'NT,I_Pr2.CMIO,NTMI.,,KTOP, 
____7_ 1 P.1402A.314, NT.20 

R COmMT(.4 /DATA/ WK(15,20)pDK(N5420),HVV(15s20),, 

9 1 HLL(15,20)0, 0!1V(15,20)01,11015,20 0  

11 Coi'IMV /FIX/ A(20,0),' i 20,20,15)..C(20,20,15),  

ii 
1 E(20,20),APC2cft 20), 

A4.(29. 1ARHSta3), 2 
14 3 ,,(20,20AAL(20,20),AM(20,29) 
15 REAL SM(20,20,5V(400).04(20420) 

17 
le 

EQuIVALEICF: 
+ 

(S(1,1),Sv(1)), 
(4(1,1),(1,0) 

u32 
0324 
0.3.5 

0327 
037s 

20 CALL ZE1.k (AF,400) 0330
19_C______ 

21 CALL UV' (G,400) 0.311 

23 C GENERATE AF,(;,,AND PHS(-.0-1) 
.._0 
03  
1.2. 

';:3 
_22_ C ... 

. 75 ..( ._ 
24 C 

26 C '5,ENERATE AF ENTRIES 
27 C . 

o3le  /13 SR1_64__JP1LiaC__ 
29 C 03-49 
30 AF(1,1)sAF(1,1)+(XL(1)+U(1))*X(J11)*DHOJ/1) 0340 

1. ________4:±A Ma )±.?_111) PM AS J /429R,111/4/tHVMUL_W c104/1 ) ) *X ( A / U 0141 
AF(1,2)

33 OHV(JR2)+HV(J,2)*WKIJ,2)) t0114t. 
1gAF(102).“ V(2)*X1p2))*(W0j$2)* 

34 Da bl. 11=2... kTiL1.1 0344 

(si

35 AF(//1.,1)=4F(IPI-1)-(XL(I-1)*X(J,I-1)*DHL(4,1-1)) 34 

36 
7   1 AFU

R I)=4F(IpI)+0(1.(T)+U(1))*X(J;I)*DHL(J0I) (f: 
+(V(04-,,,i(0)*(!4K(JAL)*Dlivst)tOV(p1)*DKUP.1))*X(.0.1) __  0345 

38 AF(1,I+1)=AF(IP/*1),,tV(14.1)*X(4,/+1))* 7 -7-041 

39 1(101,1,104,1)4'DHV(J/I+1)44.!VV(014.1)*DK(4,.14,1)/ 034S 
40 61 COOILqUE_ _  ____ 035( 

41 AF(kTAPI1)=4F(NT,Fil ) -(xL(Tml)*x(J/NThi)*OHL(J,NT111)) 0351 
42 AF (NTA T yr,,,.,..F (i-iT,;,:1' y+ ( XI, c To,o(NT) )*X(..liNT)*DHL(J,;s1) 035; 

43 At(1(kT)+LT))*(KCJJNI)AphV(,lINT)+HVV(J.,NT)AiNgJeT0*X(4,NT).. 035:i 

44 64 Ci_ITIOE 0354 
45 C pvi! 

_46 c _ ..___________________ _ 03 
—67a. 47 C (7E , ERATE G ENTRIES ri" 

48 C 03'ii 
49 Do 65 Itg1o'qM1 03 
50 r'(I 0 1)=HV(T) 03 



N FoRTRAN 

52 65 
55 . 

_51 _______61.41t1)=7H_Vii+0 

Tv (VEP L3p) SOORcr LISTIN;A tF.NTHr:L sWW,cUTINE 04/10/ 73 PAr; 

0361 

Ga6z 
of,) 

.W4 

CONTINUE 
CANTANT)mHV(NT) 

55 C !:;FERATE ETRIE 03,5 
56 C 
_57 CALL 2EU (H/AT2g_.) 03',7 

58 H(10,1j4HL(1) 
59 14 72 4s12,NT 0369 

• '• 030 

61 H(I01)=HL(1) 0371 
62 72 CONTME 0372 

_AO 037B 
64 DO 74 1=1,,T • 0374 
65 74 RHS(1,01)=-0(I)+F(N1o1)*HF(1) 0375 

- -66 C 
MOLTIPLY H P,Y AJ AND SUFORPCT FROM G 0377 67 C 

be C 0378.  
--69 00 761_17.1ALT 0379.  

on 76 03n- 70 
71 DO 75 K71,;4T 03411' 

_7_2_ _ 
73 C 

Gc_I.J14.=91.4_141.4-1-14_1114.tA.4414,911 •0382,  
03A3 

74 C By RHs(I,N!3) ANr $01"PtAcT FROM RHS(I,A1) 0354' 

76 RHS(IRIA.)=Rii5(1,1j1) (I.PL)*Ri.45(LoN1) 03 6 
77 76 CONTVitlE 0307: 
78 C 93.38 
79 C 03Pi 
AO C 0390 

qT0a1 0391 
87 END 03;2 



04/10/73 PAGE  

2e 03,;31 

0315. 
01 
0 3,87; 

0398 
W9. 

. 

FoRTRAN  iv (V L3i.f) sq,IRcr:  LisTiw): 

50ROUTItl_ VHP 
2 C 
3 C1MMON // X(15 / 20).0(20),..XL(20),L(20),W(20), 

....._..._ . _ ..012.01..iliti.?,:i4AA1I2410_,EIAI201,1146.21241) 
5 HP(20)APP(20).SQG,DIST 
6 

2
commp;,1 /coNTRL/ CANT A LDL A NInoTM1AKT0P, 

/ 1 :2111.0 1N2,i3±110120 
_8 
9 

11 
12 
43 
14 
15 

17 
18 C 

____A 9 _C__ . . .....G E .N. El's A I E—C-D4 Pill_EN.T..4._Y__C.D.bi PiallE.142 __A_P..,....E.P.AR 
20 C 1 IS NOT ACTUALLY GENERATE;) stNce IT IS T

i
THE 

21 C COMPONENTIAL ENTRIES FDR THE SUM EQUATIOM 
___22 

23 
24 

.___2.5 . 
26 
27 

28-... 
29 
30 

C 
C 
C 

ComPuTE lioESE OF A A'..ip WATIPLY TOP ROW By IT 

_CALL__ZERP_IAL,110al 

C 

C 
C F 

CALL ZER (AM,40(_,) • 

.1)11_13.0_-__JA14 4C 

G ARE ADJUSTED AS A KEsuLT OF E ELIONATION 
C L AVND M ARE ADJUSTED BY I iAIMINAT/ow 

32 C 
33 CALL zER(1 A,NT20) 

_ 
35 CALL. LER!? (E,NT20) 
36 C 
37 A(1,1) 0 ( ,111)+1411).)*WK(4,1)+XL111.+U(1) 
38 4(1,2)g...V(2)*WK(JA2) 
39 E(1,1)p(v(1)+1.4(1))*WV(J,I)*HVV(..61)* 

_____4_0_______ .._..._1(1c14_11_+.!1(_11..)...egik14_J/...1) 
41 F(1,2)5.1,  ( 7)*WK(Jp2)*1-01V(Ji2 ) 
42 Po 82 11:21;ji..11 

.____ 43 __LO-0.171)2177..4.,(1-1)  
44 ACIROgiv(1)+W(I))*WK(JW+XL(/)+UtI) 
45 A(10/4,1)=”v((+1)*00,1+1) 

------ 46 .._c_ .._ 
47 E(IRI-1)=-YL(I-1)*HLLORI-J) 
48 E(1,I)=CV(I)+Cd(I))*WKCJAT)01VV(JII).4- 
49 ..4..(XL.11...t.11...HLLS J.L.L.) 
50 ECTAr+.1)=,•V(I+1)*Io<(,iipi+1)441.10(jA /+1,) 

0415 
041, 
0417 
04Ig 
0419 
0429 
0421 
0422 
0423 
00A 
0425 
047t 
0427 
042e 
0429 
04.10 
0431 
0432 
0432 
0434 
042 
004 
0431 

. :041f 
0435 
044( 

C0MMON /DATA/ 

1 

COW IN /FIX/ 
1 

wK(15,20),DK(15,20),HVV(15020), 
HL015:020),014V;15,20),DHL(0,201, 

A(20."0),,A,40A20,15),C(20,20,15), 
E(2000 ) ,41, Ft2 ,20 ,,  

04fl 
04o1 

04o3 
04f:4 

- 1' _AJ(2.0.s.„7.01..LAHSt2.0.A.4_814 0445 
P(20,20,0,41(2,')020 )P4°1 (20020) 0406 

REAL V(20,20)A5V(400) 040. 

EVIVALFICE (sm(1,1),Sv(1)) 04r'9 
0410 



A FORTRAN IV (VER 1,3) snURCF  LIsTimi:A coMP SU8R0UTINE 

_31 62_ uNLINF 0443  
52 4WT,NTml)ft-,XL(NTM1) 
53 A(NT,NT)IcIVO,J)+W(rT))*Wk(iNT)+XL.CNT)0J(NT) 

D444 
P445 

55 EINT,FNI)a(vC., T)+w(NT) )4,wi,.(,1, 1)*ivit,j,H1)4, 0447 
56 1(XL(HT)+U(:•iT))*HLL(JANT) 0446 
57 C 0449 
56 DO 83 1111, Tml 0450.  

59 B(I01,J)=IV(I)+W(I))*X(J.0)*nK(Jil) 0451 
60 all ./..+4,1_,116-  V U+4 ),:e)( (4 p I4-1) nK (4.i.i +.0 n42.. 
61 83 c0WrTNLE 

004 
0455  
045) 

04/10/73 PAGE 

62 tAl'',T,NTAJ)=(v(0T+0)*x(JpOT)*DK(JoNT) 
63 C 
64 C MATRIX A IS INYERTFP 
65 C 

67 nn g0 N=1,0* 
68 00 90 MINIAT 

___W?.._   L=L+1 
70 sv(t)=A(mpo 002 

—72-4- 
71 90 CONTIMuE 

C())44:1:  
73 CALL MIAv(SV,,NT A FJETRA,A(t,l) s AtI A 2)) 0465 
74 Lmr, 

(S'!;  
76 DO 91 MIBIA -wr 0468 
77 LuL+1 

AILLINO_ASA_Li 
0469 

78    070 
79 91 CONTINUE 0471 
So C 0472 

_Al C_ Mlit„TIPLY A FY i. 0473 

__,84._ C 

82 

85 C MULTIPLY A 5Y C 

15 
CALL MPLYM (A,B(1)1/J iN );SmT) 
CALL EQUAL Ui(101,J),SMAT) 

Ti  
86 CALL IFLYM (A,c(1,1,j)isro mT) Q47  

__....B 7 _______CAL1,...69_UA—A.Cavq,,,111_,S 114 i.L_Ti_ 
BR C 
89 C MULTIPLY A t3Y RHS(I,J) ii ii 
90- 
91 
92 

_.93 

0453 

94 
95 
9.6 
97 
g8 
9 

100 

0459 
0460 
0461 

rALL-101.P_LYVta.c8,HS(p_41.i.,51611n _____:____ ___0462 
003 
041.',4 
04F,5 

CALL EQUALv(RMS(10J),SV,;.T) 
C 
C _LJILIIply_1104,1 kV ELB0 suliTRAci_Filir Paw Ni 
C 

k DO 95 1:10T 
Dr 95 Kzlosj 

g:.3  
048$ 

DO 94 L'Al.vJ 
AF(AK)10,FOAK)-E(T,L)*B(LIKAJ) 

_94 . _G ( I .p.K_L=54.I 226:__) !LEAL! _L_) t C c_i-__A_KA J .) 

0489 
0490 
04q1 

RHstIAN1)=RH5(/p1),J(1,K)*KHS(K;J) 0492 



FORTRAN IV (vER Lv ) SI3LiRcc: LISTIWA :,,,4' - SUFROUTINE 

°411°173 

ri...4P PAGE 

_./.0.1 _ _.9ONTI U.E_______ 
102 i. 
103 C 

_  , 
......H 

By  
105 C 0497,  
106 il.'0 110 I=.1,NT 04981  

HS. (L.12) —:kHS ( LIAO 04991 
lew,rf . 

108 120   
1 0 q NI 120 K=10NT 

_ILO. ..1.2D__...../.4,11444,11 p K ) -, 2 ( Lfr xi J.) 0.502: 
111 DO 130 I=1,i,T 

(1 3 112 C0130 Krz1pi..;T 055 'i.)4 '  

61'0 :04439: 

.. .....: -...04:§7.4( 

... 1.13_130_______414..I A )=A11. U. K ) 05j)5.: 
114 C . .0506' 
115 C 0”7 

117 C 
118 C 0510 

.119 RETURN 
120 END . (0512 



14 FORTRAN r- (VER L.? 0 ) FI;APCF LIsTIN‘ 04/10/73 PAGE 

05,3 
0514 

X(15,V,I),V(20),X020,W200W(2)), 0515 
,Q12.0),H1_40/Liiii.120.1.1.W.i.1.11A2...2(als___________135..0_ 
:1F(20).prP(2 ) .,QGPDIST 017 

- JC,NT,LFY)CANYDANTill,KTOPP 051A 
Ni/N.230;'33PNT20 0519 
WK(15,2(.)aK(15#20),HVV(15,20), 052-6 
AL(15,20)si)I1v(15,20)AoHL(13021), 0521 

4(2002r;),(20120,15),C(20,20,15), 
E(2.0,7).&F(2,20), 
Al(2.0,•'.0.eRH:)g2k-,Plalt  

. f.........__1AL ...._...._.. ........_$".“.2_04.2.0...)a. ...5..Y. WO 

17 C 
18 FQUIVALECF (S4C1,1),SV(1)) 
19 C  a5.1.1 
20 C IMIERT ..0512 
21 Lmo 
.22______1_a...41_ 

0533 
_01. 4 

23 DO 10 H1., 0535 
24 L=L+1 053t,  

_25_10_ .SVAIJA:Afl.M.A2A 0537 
26 CALL MINV (5V,NT,DETRMAAF(1,04AF(1,2)) 
27 Lmo 

: , gm 

__Etn_ 90 .  .051U 
29 On 20 migL,T 0541 
30 L=L+1 0542 

_al_zo AF(MAPAR.U11/. Ohl' 
32 C - 0544 
33 C vAJLTIPLY G Ama RilS(01) BY AF UAVER5E :0545 

-MI 
054E 
054.9 
.05!..S .0 

 

.0551 
052 

(5 05:: )  
05cA 

 

055-6 
0557 
• 05 

NZ 8 
. 05&1 

_1 SUf.RPUTI,E S, a5T 
2 
3 

5 
6 
7 

C 
COMMON // 

/COPTKL/ 

i 
2

CQMMON 

1 
a C9MMON /DATA/ 
9 1 

11 COWlf\1  /FIX/ 
12 1. 

-1-3 --2 
3 14 

5 C 
G(20,27)AAL(2,20),AM(20020)- • . •0526 

- . :0%7 

• 0522 
0573 
0524 

0525_ 

057? 
05V) 

35 
36 

47 
38C 
39 

_______CAL.L....0.ELIM_JAEJ_GAST) 
CALL EQUAL (rPASM:NT) 
CALL MrLYV (AF,RkS(lANOISv/TIT) 
CA LI—E.,10,1LY A R.H.51.44.1A 0 0-5 Y...-11111 

C oULTIPLY G Ail) RHS(-.0111).RY AL AND SUBTRACT 
11.EELPI.0 LIVELY 

41 CALL MPLYil (ALJ.GASA .3 T) 
42 CALL JIPLYV (i:,LARHS(1,01)#$VAcj) 
43 _P_11...._40._ I..mq.JLT_ 
44 DO 30 41,T 
45 30 AmCIAJ)mAm(Y2J)..StotI,J) 
46 40. _RHS(14.N2..LFRE.S...atEi)-IY.T.4. 
47 C 
48 C INVERT A,  
49 L=k - 

50 ril 50 1=1,,%T 



FORTRAk V (VER $:JRCP 1,1cJI4 SOkST SUrAtflUTINE 04/10/73 PAGE 

51___ _ _PO. 50. 12 :11 _ _   2- 0563( 

52 Lut,..4.1 _056.4c 

53 50 SV(L)=AM(MpN) 0565 

_54_..._-_ ___CALL___11-1±1.V: 1.5_ VAN 7:4  DET2.114.1:1-1(4.4.11.0AILL34.21.1   05664 

55 1-60 056,7 
56 rrj 60 N21,1:I 05f::8( 

_57 _ 1:10 6D M121.0 r. 0569;_ 

58 L0.+1 OM 

59 60 Am(IAN)=SV(L) 0571( 

-053_12 
70 C TiiE XIS AND rjELTA. LIS .0582 
_TPI.C______nEnaltiinallIr lf_=7!_!___ ___________ . _ ________95 4.: 

05 8 3' 

73 On 111. Km11'•41. 055 
74 111 RHS(1,k3),H5(TAi4 3).•,AJCIAY.)*RHS(K,N2) 0516 

.275__C fq 
76 00 116 J;(1/MC ,..W. 
77 Do 116 I=1,NT • 135R.,:9  

_______________ 
79 RH$(1,,j)=KHs(I0j).!1(I,1(0,!)*RS(K,N1).4(1,KA 4)*RHS(K.02) 

80 116 CONTIN!JI 
_81 C 054'3 
62 C 0594 
63 C 0595 
84 RIJOR 516 ___-__ 
85 EN5 05Q7 

05721 
61 C HULTIPLY (I. .

:$(., d2) BY AM INVERSE 0571: 

62 CALLL
. 
 MPLYV (AMPRFS(102),PSV,T) 05741 

2)   _05 

64 C . . •o5.7.4( 
65 C MULTIPLY C BY 1 HS-(oN2) AND SOBSTRACT FRO1 RHS(•.,1) . 057.7; 

-66_ ____ __ ___4_A.I.L..K111,_YV__(.47.4_Ri4S_(1.02:121,10./1 NI) 0.578i  
67 1 1 0 70 1010'1- 0579 
68 70 R1-lS(1,N1),::Hs(1,:.41)-sVt1, 0510- 

-69 _C. 

0511 
0592 



APPENDIX  II  

83 



A FORTRAN Tv (vER 08) SOURCE LISTINGi 05/01/73 PAGI 

PRoGRAM ABM-  49,1 
2 C Ot 

C 0( 
4 
5 REAL A(20) 0( 
6 DATA ZEND / IOW / 0( 
7 C 0(  

NTIME P. 0 0( 
9 2 READ (5,100,END=999). A. . . . 0( 
10 10D. FORBAT.12_014.L_ 
11 WRITE (6,102) A O( 
12 3.02 FORMAT (1Hi/12X,20A4) OC 

_CAL1_INRUT 168) 0( 
14 CALL MATRIX (C8,1110) 0( 
15 . CALL OTPUT 0( 

 MA& 
17 C 0( 
18 8 WRITE (6,104) 0( 
10 I. Q4 . FORMAT t //./1./.111X_ IRROBitEll FLUSMED111.0.k.I.PROCEEDIMG_TILNEXL.PROBIEM.Qc 
20 0/////) 0( 
21 C OC 
22 10 READ (5,,100.AENDILia9JALIL_ .01 
23 IF (A(1).EQ.ZEND) 00 To 2 0( 
24 GO TO 10 0( 
25 C 0( 
26 999 WRITE (6,106) 0( 
27 106 FORMAT' ('1.1 ) 0( 
2 STOP  
29 END 0( 



A FORTRAN 

A __ 
2 C 
3 
4 

IV (VER L3S) SOURCE CISTIN01 KGEN SUBROUTINE 05/01/73 

__SVBRPUTISE_KDEN_IIPL/M) 

PAGE 

4t( oc 
00 
00 
00 

COMMON f/ X(15$20),V(2010XL(20)#U(20),W(20), 
1 Qj201j1L1201L9V(2043Al2_0J,F(16I20)4_ 

5 2 1F(20)sPP(20).#0,DIST 00 
6 COMMON. /CONTRL/ NC, NT, on, Nlo, NTM1, KTOP, OC 
7 1 N1,N2A0`13,A3N3iNT20 .0.0 
8 COMMON- fnATA1f NKPEKTAP,L(8R15).ATK(8)0 00 
9 1 PA, PK(8), KCOPE OC 
10 C 00 
11 REAL E(1) OC 
12 DOUBLE PRECISION XX OC 
13 C 0( 
14 1 IF (NK•OT.2) GO TO 3 0( 
15 jos' 0( 
16 GO TO 9 0( 
17 3 DO 6 La2ANK 0( 
18 IF (ToLT.TK(L)) GO TO 7 0( 
19 6 CONTINUE 0( 
20 LOK 0( 
21 7 J4L.1 0( 
22 ` .___K_.. t1 ____ OS 
23 0 0( 
24 10 XX (1,0/(T+460:0).100/(TK(J)+460..0)) / 0( 
25 I_ (104(7100+460;0)...1,0J(TK(J)+460,0)) ___Di 
26 00 14 PF10NC 0( 
27 14 E(1)*DEXP(EKTABL(J,I)+( EKTAB1(K01)..,EKTAB4(.1,1))*XXI 0( 
28 C , _ 0( 
29 IF(KCODE.E0*0) GO Tn 41 0( 
30 31 GO TO (41,32), KCUDE 0( 
31 32 TWIP;PAPP(M) 0( 
32 DO 33 IP1,NC 0( 
33 33 E(1)=E(I)*PRATIO 0( 
34_ C _±...0.! 
35 41 RETURN Ol 
36 ENO 01 



A FORTRAN IV (VER 08) SOURCE LISTINGi HGEN SUBROUTINE 05/01/73 PAGE 

SUBRINTiNE__IIDEN__CIAnkiL1_  
2 C 
3 
4 
5 
6 C 

8C 
9 
10 
11 
12 
.13 
14 
15 
16 
17 
)j8 C 
19 
20 no 10 Nuisrc ol 
21 2V(N);RHVTAbL(J.101),*(HVTABOR,O7HVTABL(J,N)t*XX 01 
22 10 LIANIFAITAELL12111*IHLTAILIKAN)*HLTAati4401414*XX_ __0! 
23 C 0,  
24 RETURN 0 
25 END  

COMMON /CPNTRL/ NC, NT, LDOC, NIO, NTM1 <TOR, 
1 N1,11.1.240,11.11113N3;h12.0 

0( 
0( 
0( 
0( 
0( 
Dc 
01 
0( 

_A11 
0( 

commnm /DATA2/ WOLTABL(8415),HVIABL(8,15f/TH18),PH(8) 

!SEAL... 2Y.111-2 Z_LID 
. 

IF (NH.GT•2) GO TO 3 
_4!1 
GO TO 8 

3 DU 6 1.:2,NH 01 
IF (T1LT,TH(L)) GO. TO 7 _01 

6 CONTINUE Of 
LoNH 01 

7 J=1.,1 DI 
8 100+1 0' 

01 
9 XX°(T'ITI1U1) / ( TH(X.17THUI) 01 



05/01/73 PAGE 

1 FUNCTION EQUA j )(2 C ) ga7 QC 
2 C OC 
3 C THTS FUNCTION EVALUATES A SET OF FOLYNnmINAL COEFFICIENTS BY OC 
4 C NESTED_EXPARSIUN. AS_GERE.RAT00.BY_....F_Uoci2.ON_Littl,__________0t 
5 C OC 
6 C Y = AO + Al*x + A2*X**2 + ## .. •• + AM****M OC 
7 C .. OC 
6 ( . M m NI) OC 
9 C 0( 
10 C fitiy_f.. C.( 2 ) _ ______: Ol 
11 C Al 6 C(3) 0) 
12 C A2 = c(4) 0) 

14 C 11. AI 0000 0) 
15 C At 6 C(m62) '01 

.l b C___.. ____O; 
17 REAL C(1) a: 
18 C 0: 
19 N 6 c(1)+0.1 0: 

Y c(m+2) 0: 
21 MM = .M4,2 .0: 
22 fla 1 ._•!_ _1,_F?.__...__._ _02, 
23 MMJsMM-J 0: 
24 YO*X+C(MMJ) o: 
_ZP. _i_CpNTI.Ni&__ _0: 
26 EQUA : Y 0: 
27 RETURN 0: 
28 END ..0.; 

A FORTRAN IV OVER L3a) SUURCE LISTING; EQUA FUNCTION 



A FORTRAN IV (VER L38) SOURCE LISTIWA FITIT FUNCTION 05/01/73 PAGE 

__1. __F. VtACJILINI.._FITILA._ Xi_...Y,..._Nu , MAX C, LN,A  ...)  .. 
2C o ] 
5 C WILL FIT PDLYNOMIAC Of• ORDER MAX ( MAX ,LT. 71 TO NO Y VS. X DATA0 
4 C PO I NITS $ uP PLIE.O.Latt_ARRA Y s Y AN EL it's _COE F f  MUNI/ REILIRNEILIN ARRAY .1)..) 
5 C C IN FORM NEEDED BY FUNCTION EQUA, STANDARD DEVIATION OF Y RETORNEO) 
6 C 0 AS FITIT, 03 
7C 03 
n C EN LOG TRANSFORMATION CflPE 1 = Y VS, X Cs 
9 ( " 2 P LN Y VS, x 0: 
10 C 3 s Y _.V.S 4...A.11...x._ lc 
11 C 4 = EN Y VS. LN X o: 
12 C 0: 
13 C A = INTERCEPT CODE ZERO = INTERCEPT = 0.0 0: 
14t NONZERO P INTERCEPT CALCULATED 0: 
15 C 0: 

0 ) S ( 7 La.. XY (7)  71_  
17 C 0: 
18 C SET CONTROLS AND ZEROS AND XY, 0 
19 C. o 
20 N = MO o: 
21 M : M1NO ( MAX + 10 No 7) 0 
22 L = MINQ ( 4, MAXO ( 141_11i )____ 0 
23 z = N 0 
24 Do 10 1 = 1, M 0 
25 S(I) = 0.0 0 
26 DO 10 J I I, M 0 
27 10 XY(IA 0 • A 0.0 0 
28 C  
29 C FOR EACH DATUM, MOVE Y AND X 111 0(1) AND 0(2), GET LOGS IF NEEDED o 
30 C AND POWERS OF X, AND ACCUMULATE SUMS, SQUARES, AND CROSS PRODUCTS 0 
.31 C IN S AND XV, 0 
32 C 0 
33 DO 80 K =11  N 0 
34 OW = 'VW) 0 
35 0(2) = X(K) 0 
36 GO TO ( 50, 20, 40, 30 ), L 0 
37 20 D(1) a 4.00 ( 0(1) ) 0 
38 60 10 50 0 
39 30 0(1) P ALOG ( 1)(1) ) 0 
40 40 42) P ALCM ( 0(?) )  
41 50 Do 60 I *3, m 0 
42 60 D(I) = D(2) * D(I - 1) 0 
43 DO 70 1 = io M 0 _ 
44 S(I) =5(I) + 0(1) 6 
45 DO 70 J * I, M 0 

 1201_  acJI 0 
47 80 CONTINUE 0 
48 C 0 
49 C GET REDUCED SQUARES AND CROSS PRODUCTS IF A NONZERO AND FOLD XY 0 

---50 C OVER. 0 



A FORTRAN IV (VER L38) SOURCE LISTINGi FITIT FUNCTION 05/01/73 PAGE 

64 DO 160 I 8 2, .M 01 
65 • 0 p Mr 1) ' 01 

67 -DO 130 4 = 1, M 01 
68 130 XYCI, 4) le XY(I, 4) / Q 0] 
69 DO 150 K g 1, m 01 
70 7TF 4 K if0; I ) GO TO 1.50 01 
71 • 0 p XY(K, 11 0] 
72 XY(K, If = 0.0 0] 
73 DO 140 4 = 1. M 01 
74 140 XV(K, 4) = XY(K, J) - xY(I, J) * 0 ol 
75 150 CONTINUE 01 
76 160 CONTINUE 01 
77 0 = MAx0 i N .. MA 1 ) 01 
78 . FITIT P SORT ( AmAx1 ( Xy. C.1.1 11 i QA 0,0 ) ) DI 
79 C 01 
80 C STORE COEFFICIENTS IN C ARRAY, 01 
51 C 01 
82 - C(1) = M m I 02 
83 C(2) * 0.0 02 
84 DO 170 I p 2$ M 84 DO 170 I p 2$ M 84 DO 170 I p 2$ M 
85 S(1) a S(1) S(1) * XY(1, 1) 85 S(1) a S(1) S(1) * XY(1, 1) 85 S(1) a S(1) S(1) * XY(1, 1) 
86 170 Cti 1) a XY(I, 1) 86 170 Cti 1) a XY(I, 1) 86 170 Cti 1) a XY(I, 1) 
87 ( VAIAGA.A.01_ I. ti2A. FLUJ 87 ( VAIAGA.A.01_ I. ti2A. FLUJ 87 ( VAIAGA.A.01_ I. ti2A. FLUJ 
88 RETURN 88 RETURN 88 RETURN 
d9 d9 C d9 C C 
90 END 90 END 90 END 

P2 
02 
02 
02 
02 
02 

P2 
02 
02 

 02 
02 
02 

 AND GET STANDARD DEVIATUIN OF Y. 01 
63c 01 

01 



A FORTRAN IV (VER L36) SOURCE LISTING: wAYA FUNCTION 05/01/73 PAGE 

_l____ FuNCTION. wAYA_CAAANS/IDA4SIARTA5TOP.iLEV Li   
2 C o; 
3 C ROUTINE TO. CONVERGE UN SINGLE VALUED FUNCTION 0; 

_ ... .0; 
5 C A = CURRENT VALUE OF DEPENDENT VARIABLE oi 
6 C ANS =DESIRED VALUE oF DEPENDENT VARIABLE 02 

_7 C TOL =TOLERANCE 02 
8 C START=cURRENT VALUE OF INDEPENDENT VARIAnLE, A BETTER VALUE RETURNEDO 
9 C STOP =LIMIT OF INDEPENDENT VARIABLE.. ANSwER RFTWEEN START AND SToP, 02 

1.19.EX FOR ALLTILEI_EL.. USE*. _0; 
11 C 0; 
12 C wAYA WILL VARY START BETWEEN ITS INITIAL VALUE AND STOP UNTIL 0; 

A451__AtIS_. Al _..L.E., _T_Qi: 12R__30 _TRIM. .3__TAKEK,  
14 C 02 
15 C ON. EXIT wAYA !SI 02 
16_ & ,- Fa MIT triNYEKG.ED_  R FF EACAL MA/MN _WM REAL/ALIA E. iit_STAAT. _02 
17 C o FOR CONVERGED IN LIMITS nR 30 TRIALS TAKEN, 02 
18 C + FOR CANNOT CONVERGE, START WILL BE ITS INITIAL vACUE OR STOP, 02 
19 c ___. wkl.I.C.H.EY.g.lk _GI YES...LLSIER.....EMDRA_OR_IT.S__INITIALVALME_If__LEVEI___0.2 
20 C IS NEGATIVE. 0; 
21C 02 
22 DIMENS I iii,  X113 LcX.213_11 Y_LI111.1211.14 KOVRTi.11. 01 _ 
23 C 02 
24 DATA KOUNT/ 3*0 / 02 
2.5..._c Oi 
26 C SET X,Y t LEVEL Oi 
27 x=sTART 02 
28 YorA,NS.A _01 
29 LIBIABS(LEVEL) 02 
30 wAYA=1.0 02 
31 C 0; 
32 C SEE IF CONVERGED 0; 
33 C 02 
34 _IF(ABS(Y),CE, IOU ) Go TO 70 _._  
35 C 02 
36 C NOT CONVERGED. SEE WHICH CALL. 02 
37 C o; 
38 rF(KOUNT(L)) 80030,10 0; 
39 C 0; 
10_ C s E caRD___Dit_ AVER . &All:* _SEE  I..F.-Y ANLL. TIAILLARAC.K.E.T_ANSwER,.._ 02 
41 C 02 
42 10 IF(Y*Y1(L) .LT. 0,0) Go TO 20 0; 
43 C 02  
44 C NO Y.Y1 BRACKET. SEE IF SECOND DR HIGHER CALL" 0, 
45 C 0; 
46 IF(KOUNTtL! .GT. 1) GO TO 30 o; 
47 C Oi 
48 C NO BRACKET AT ALL, REDO AT START IF THAT LIMIT IS CLOSER OR IFO; 
49 c LEvEL is mlNus 02 
50 C 02 



A FORTRAN IV (VER L34) SOURCE LISTING wAYA FUNCTION 05/01/73 PAGE 

Jell 0 _LEV EL_ALGI._. 0 ) in .6 0 9/ _D2 
52 X=XI(L) o; 
53 KOUNT(L)= -1 o; 
54 60 02 
55 C Oi 
56 C Y-Y1 EiRACKET, STORE X g Y IN X2(L) AND Y2(L) 02 
57 C (12 

0; 58 20 X2(L)=X 
59 Y2(L)=Y 0; 

4_0 60 _0; 
c 0; 

62 C FIRST CALL OR CONVERGING No-Y2 BRACKET CALL. sITIRE X & V IN X1 0; 
63 C £ Ylt o; 
64 C o; 
65 30 X1(L)=X 0; 

Yl(L)=Y 
67 X=STOP 0; 
68 IE(KOUNT(L).EQ. 0) GO 10 50 0; 
69 C 0; 
70 C INTERPOLATE NF.W X AND CONTINUE OR WIT DEPENDING ON KDUNT(L), 0; 
71 C 0; 
72 40 Xs(Xl(L)*(3.*Y2(L),Y1(L))+X2(L)2(0034*YliL)))/(44*(Y2(0.0Y1(00; 
73 1)) 0; 
76 IF (KOUNT(L) OE. 30) GO TO 70 0; 
75 50 KOUNT(L)=KOUNT(L)+1 0, 
76 60 WAYA00,1,0 0; 
77 GO TO 90 
70C 
79 C CONVERGED OR TOO MANY TRIALS 
so C 
81 70 WAYA=0,0 0 
82 80 KOUNT(L)=0 0 
$3 C 

111W .3A1.1.11.: OE DEPEN 0_0 T VAR Btf 0 
85C 0 
86 90 START=X 0 
87 RETURN 
e 8 C 0 
89 END 0 



A FORTRAN IV 

_J._ _____ 
2 -e 

(VER L36) SOURCE LISTINGI 05/01/73 

S.OFFITOTIU_KWRITE 

PAGE 

__AL 
0; 

3 COMMON // X(154.0),VI20)4XL(20)*V(20/iW(29)s 0: 
4 . _____ _l _ _. C1120.1.01412...0_LuiVI2S0 .a_T At 2_014.11.164.2.012.. . _ 0.: 
5 2 HF(20),PP(20),(1G,DIST Ci 
6 COMMON /CONTRL/ NC, NT, LDOC, NIO, NTM1, KTOP, 0: 
7 1 N1.02,N3AN3N3NT20 0: 
8 ComMON /PRPP/ CIAME:t2,15),XMWI3.5)ARHO413) 0: 
9 COMMON /FIX/ SPACE14845)4.0(120 0: 
lo c _ 0.; 
11 WRITE (6,0101)(V(J),JR1PNT) 0: 
12 101 FORMAT(//10X, CALCULATED VAPOR RATES 1 /4(9X.14F1),.3/)) 0' 

11 W.R.ITE__.(41102) IXLIJ)/AslaNT) 0 - 
FORMAT ( 11X,26HCORRESPONDING LIQUID RATES/4(.9)(0011.3/)) 0: 14 102 

15 WRITE (6,103) (TACJW=1;NT) 0 
16 103 IJ OSP CALOiATEVIEgPERATURES 1 / 4ini4E1101_i)  

0 17 C 
18 C NBL NUMBER OF BLOCKS OF 4 OR PART THEREOF 0 
19 C NPP NUMBER (IF L/NES ALREADY PRINTUL 0 
20 KN=0 0 
21 KM=NT 
22 NB LIPIN Til.)/ 4 0 

NpPar(74,3)+(N$L*3)+(NC4-5) 0 23 
24 C 0 
25 2 IF (101,J.E.,4) Go TO ..6 0 
26 KN=4,1-KN 0 
27 0 

KAFKMTA, 0 

29-  KEsKN 0 
30 GO TO 10 0 

31 6 KNFKM+10 0 
32 L=KN—KM+1 0 
33 KM=0 C) 

34 KE:KN 
35 1( LE=L 0 
36 WRITE(6,1) 0 
37 1 FoRmAT(//) 

0 3$ C 
39 WRITE(6s115) (J0,121.LEaKE) • C 
40__...__11"•x..-F_ORMAT  (10X t / OU I D COMMS tTIONSIBOiL ERAVUDINS  1 au,  LAMY _At  1 110P  s 

9111) 
42 
41 

DO 12 I=1,KC 
43 12 WRITE(6,116) (CNAMF(K,I),K=1p2),(X(I,J),J=LoKN) 
44 116 FORMAT (12)(,244,1X,4F11.1i.) 
45 DO 15 JsL,KN 
44 AX(4)=0, 
47 b0 15 IFIoNC 
48 15 AX(J)=AX(J)+X(I,J) 
49  WRITE (6,126) (AX(J) J=LA0) 
50 126 FORMAT(10X/ .TOTAL ' 4F11'.$/) 

C 

C 

C 
C 

C. 
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51_.__ _._ __TE( KNA.L.E...0) _Ca ID _3 L  93 _c 
52 IF ( .57,,NPP.-NC*5 ) 22,22;23 03 
5:4 22 WRITE(6,154) o2 

5.4 15.4__FDRBAT_IIHi1. 01 
55 NpPxO 02 
56 23 NPPRNPP+NC+5 02 
57 GO TO 2   02 

02 
(:) 

0: 
0: 

_0_: 
0'; 
0: 

58 c PRINT REBOI4ER DUTY 
59 C 
60 C 
61 31 ONTxARS(',(P T)) 
62 WRITE (6,220) QNT 
O3 _229_, FDRKATM11X.,19AFIEKILR__DVT.YA likTUS,_ __11641/1______ 
64 -01 TURN 
65 END 



A FORTRAN IV (VER 08) SOURCE LISTING! INPUT sUBROuTINE 05/01/73 PAGI 

SuBROUTINf_INPoi 121) 9V 0: 1 
2c 
3 COMMON /t X(15,.?6),V(201.0(L(20)AW20),,W(20), 

1 Q.( 2 01.11-A L12014.14V ( 201s I.A_(.2.0.6.111-6;2111a_  
5 HF(20),PP(20),QG,DIST 

7 

2
COMMON 

1 
/rONTRL/ NC, NT, LOOC, NIO, NTM14 KTOP, 

11,011N3R N3N3A NT20 
8 2 ,KTYPE 
9 COMMON /FIX/ EK(I5a20)..A(20)46(20),c(20);o(26), . 

10 1 AX.(1.0.1.ak120J  
11 COMMON /sSDAYA/ NSSoNsTRAY(5),Xw(5),XU($),Q$S(s) 
12 COMMON /FFOATA/ NF/NAMEF(3,6);NFTRAY(6),12F(16P6),U(15,6): 
13 1 QFNt6), TF(6)1 PF(If21, 
14 COMMON /PROP/ CNAMEt2,15),XM1015),RH0115) 
15 COMMON IDATA1/ NOUTA6L(8,15),TK(8)., 
16 PAL_RX161,_ !CCM_ 
17 COMMON /DATA2/ NI,MLTABL(8,15),HVTABL-(8015),THIS),PH(8) 
18  COMMON /0ATA3/ BXX(6),XXL(15,6) 
19 
20 

C 
-c KTOP ,-- DESIGN YARTABLE 

21 C 2 0 RE8OILER 
22 C mEATALOAD.5_..ARELN MMITUAmt 
23 C 
24 C LDDC --- PRINT CODE 
25 C 1 INPUT t, _OUTPUT 
26 C . 2 3. + TRIAL -DATA 
27 C 3 2 + ALL. DATA 
28 C 4 3 + ERN:Pk PRIVI UT 
29 C 
30 C am OD KTYPE -- COLUMN TYPE 
31 C 1 SIMPLE 485011pTIoN 
32 C 2 INTERCOOLERS/SIDESTREAMS 
33 C STRIPPER 

C Aersoatp AsInPaER 
35 C 
36 NOGO=0 
37 READ (5,101) N -Wo chNF,NssANK,NH,N10,KTOPpLnOCAKTYPE 
38 101 FORMAT (1015) 
39 C 
40 REAralklaal_ajOST 
41 102 FOKMAT(8F10.0) 
42 READ (5,102)TTOP, TBOT, DTRAY, TMID 

EAD(5,3.02) PTOpit  DPTWR 
44C 

:45 • NTM1mNT*1 
46 C 
47 N1=NC -4. 1 
48 H2=N1+1 
49 N3=N2+1 
50 !`!3N3;IN3*113 

0 
0 
0 
0 

0: 

0: 
0: 
0: 
0: 

co: 

0: 

0: 
0 
0 
0 
0 

_o 
0 
0 
0. 

0 

0 
0 

0 
0 

0 

0 
0 

0 
0 
0 
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0' 
PP(1)xPTOP • 

_ Oz 
00 9 J=2,NT 

9 PP(J)=PP(J-1)+DP I 
57 C 
58 IF(NI0.A.E.01NIN125 : 
59 IF (IDOC,LEi0• AR. LPOc,'GF,31 1.00Cf2 
60 C 04 
61 WRITE (6,105) NTANC4NFANSS,NK4NHAIO4KTOP,LDOCAKTYPE 0,  
62 105 FORMAT (//12X4 1NUMBER OF TRAYS' 1204 /12X,INUMBER OF COMPONENTS' ID' 

.1154//12A4INUMBER_OF FEUS) '204 /12X4'SIDESTREAM AND/OR HEAT _TRAY39,  
64 21  17, //12)(41KIMBER OF l(r)/4714 POINTS' 112, /12XINUM5.ER OF H.DATA PO,  
65 30INTSt 1124 //i2X4,NUM6EA OF ITERATIONS' 1154 0 

-6 /12.XL 4W .-C,O_D-E 
67 512)(1 00CUMENTATION LEVEL' /16 ,//i2X,'COLUMN TYPE' T24) 0,  
68 C 
69 ._14 DO 1.6_ J214NT 0,  
70 Hf(J)P0,0 0,  
71 U(J)=00 0,  
72 0,  
73 O(J)=0.0 0. 
74 DO 15 11114NC 
75 15 X(14.1)1110,0 0 
76 DO 16 114N1 
77 16 F(14,1)110,0 
78 C 0 
79 C 0 
80 TA(1)111TTOP 0 
81 TA(MT)=TBOT 0 
82 NOTRAY DTRAY 
83 IF (NDTRAY.EQ.0) GO TO 41 0 
84 MTM/OPNIMAYM,  
85 IP(NTMID.GE,NT)WIT041 0 
86 OT:(TMID-TA(1))/FLOAT(NTm/D-1) 
S7 nO 31 Jg2INTMID 0 
88 31 TAWIPTA(Js1)+PT 0 
89 OTp(TA(NT).4MID)/FLOAT(NTNTMID) 0 
90 NTM.10PrNTMID+1 
91 00 32 jm4TMIDPANTM1 
92 32 TA(4+1)8TA(J)+DT 0 
93 GOTO5O 0 
94 C 0 
95 41 DTIA(TBOT,TTOP)/FLOAT(NTM1) 0 
96 1:10 42. +121224..N.IM1 
97 42 TA(J)=TA(JT.1)+DT 
98 C 99 50 Q0=QR*110E6 0 
100 I (1R.E0,0,10) GO TO 60 : .. 0 

51 Ni2.0.=NT*10 
52 C 
53 
54 
55 
56 



A FORTRAN IV (VER L38) SOURCE LISTING: INPUT SUBROUTINE 05/01/73 PACt 

_101 _ wR.I-Tf 1.6,1121 OR 9 6 0' 
102 112 FORMAT (112XJ 1 REBoILfR Dity, mmatuom,  F20;6).  Os 
103 Q(NT)= Qty c“ 
104 C ....____ .04 
105 60 IF (DIST.GT.0.0) GO TO 62 cy 
106 WRITE (6,121) O 
107 121 FORMAT (///30X,IINvALID DISTILLATE_RATEI/JA ..0i 
108 Nuno:1 o4 
109 C Oi 
110 62 YRITE (6,122) GIST 0,  
111 122 FORMAT (/12X,IOVERHEAD VADOR PRODUCT, mOLS/HR: F10;3) Os 
112 C 04 
3.a.___ WRITE (6,12.3)_TTORALTBOT  
114 123 FORMAT (/liWINPU/ TEMPfRATURES; DEG Fl / 0,  
115 117X 'TOP TRAY,  F12.1 / 11X 45OTT0M TRAY' F9.1 ) cl, 
110_ 
117 
118 
119 C 
120 
121 
122 
123 
124 C 
125 C 
126 c 
127 C 

129 C 
130 
131 
132 
133 
134. 
135 
136 

138 
139 
140 
141 
142 
.143 C 
144 
145 
146 C 
147 
148 
J49 
150 

______ LEA N.D.Ilt A4E.Q.a:.0..L.P. 10 64 
WRITE (6,124) TMIDANDTPAY 

124 FORMAT (I2X 'TEMPERATURE ESTINATEn AS 1 FR,1,2XIDED F ON TRAY' I4) 
0,  
0,  

0,  64 WRITE (6,125) PTDP, DPTWR, Pp(I) PP(NT) 
125. FORMAT (/12X, !INPUT PKESSURES, PSIA' / 11XIMRHEADIF18.4 

iillx_ITIDIER_UEL_TA__El_113:...44_17X 1ToWER  IIIP_Illtth 
0,  
04 

2/17X 'TOWER BOTTOM! F14.4 ) 0. 
0,  
0. 

READ GAS FEED IN. FIRST 0. 

128 C  
OIL FEED,  IN SECOND 0. 

0 
DO 6e: J=1,NF 0 
R E A 0 ( 5.,  131, ) ( 11 A MEE( 1.14 Ea141.11)ANF TR A Y1 d10f 1.1 LaELLY,LCARILI ). a _.9 

1 GEX(j) .0 
131 FORMAT (3A40180010.0) 0 

READ_ ilt1021_, il.FILLiabli11:;_liC.1 , 0 
IF(OFN(J).NE.0.0)GOT068 0 

137 C  
READ (5,102) (ZK(I0J),1=1.NC) 0 

63 CONTINUE 0 
IFINSS.E0.01GOT070 0 
00._129_41.10.1155 . • ___O 

69 READ (5,133) NSTRAY(.1)0XVI(J).XU(j).GSS(J) 0 
133 FORMAT (15,5X03F10'.0) 0 

0 
70 CALL CDATA 0 

CALL ZFEFD (SUMFO) 0 

IF(NSS.EQ,0)GOT 
.... . 

oeo 
0 
0 

WRITE(604) 0 
FORMAT(///1///) __ 
WRITE(60141) 0 



A FORTRAN IV 

151 141 
152 
153 
13 4 7 
155 142 
156 ( 
157 C 0 
158 80 
159 
JUO__ 

(VER L38) SOURCE LISTING! INPUT SUBROUTINE 05/01/73 477 PAGE 

FORMA7(1.121 12X 1 5IDESTREAM AND HIM.. TRAY_DPLIAI/LAIX...._.1 7.1kAYA.0.17X1V..0.! 
1APUR MOLE /HR! 7X ItIOUID MOLSAW 7X !HEAT OUT MMRTU/HRI) • 0! 

OU 79 Nu1sNSS 0! 
R I T 161142.14411,STRAY. (111.....KWINIA..X1.,i110 SS"( ►   

FORMAT (10X,14s2X,15,9X,F12•2,9X,F12.2,9X,F15.ii 0! 
0! 

IS HEAT OUT FROM STAGE (41 0! 
SUMIRDIST 
IF(NSS.E04,0)GOTU90 

0! 
0! 

161 R:NSTRAY(J) 0! 
162 U(K)=XU(J) 0! 

W(K)=XW(4) _D! 
164 Q(14 )=0$514$101.0E6 0! 
165 8) SUMItSUM+U(K)+14(K) 0! 
166 C DJ 
167 '90 IF(SUMFD•SUM .GT. 0,0)GOT092 0! 
168 WRITE (6,145) 0! 
169 145 FORMAT (///30X !BOTTOMS RATE IS INVALID!) 0! 
170 NOGOwl 0! 
171 C 0! 
172 92 Vill=DIST 
173 V(NT)=0.8*(SOMFD0DIST) 0. 
174 XL(1)=0,9*F(N1.01) O. 
/75 
3.76 .  

XI(NT)=SUMFD--SOM O. 
a. IF (MOGU.NE.0) RETOR1 1 

177 C.  • O. 
78 DVIs(V(NT)wV(1))/FLOMINTMi) 0. 
179 OLN(WNT)..XL(1))/FLOAT(MTM1) 0 
180 DO 93 012,NTM1 0 
181 V(J)=V(.1,-1)t0V_ 0 
182 93 XL(J)01XL(J-1),ODL 0 
183 00 94 klmlANT 0 
104 94 CALL KEEN (TA(J)JEK(1,J).0J) 0 
185 C 0 
186 C 0 
187 IF (RTYPE GT,2) no TO 190 0 
188 C 0 
189 G W 41 VAPOR U 41OUID 0 
190 DO 9.9_111,14C_ 
191 A(1):0.0 0 
192 8(1):V(1)*(1.0,TEK(I,1))-v(2),F(N1/1) 0 
193 Q 
194 P(1)=eF(Is1) 0 
195 SUMJM1PF(N1,1).;,01ST 0 
196 itlitt...=_ESN.1/.2.) mitt t2.iratittfiliLLI.L.A111... 0 
197 DO 95 J=2,N7M1 0 
198 A(4)=V(J)+SUMjM1 0 
199 8(J).41-((V(j)+W(j1)*EK(I,J)+V44+1)tSUMJ+U(4)) _Q 
200 C(J)0/(J+11*EK(1$J*1) 0 
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202 
203 95 
2.04 
205 
206 
207 
208 
209 
210 
211 96 
212 
213 97 
214 
215 
216 
217 
219 
219 
220 98 
221 99 
222 C 
223 C 
224 
225 C 
226 190 
227 
228 
229 
230 
_231 
232 
233 
234 
235 
236 
237 200 
238 
219 
240 
241 
242 
243 210 
244 
245 220 
246 C 
247 
248 C 
249 300 
250 

8- ! 
0! 
0! 

0! 
0! 
0.! 
0! 
0! 

0! 
0! 
_0! 
0.! 
0! 

. tanf 
Sumjm1pSum4M14E('?1,J)-w(4) U(J) 
Sum44Sum,i+F(NI.104.1)-',0(J+1.).0(J*1) 
AtNT)!Y114Ti+XIANT)-F0\11/T) 
D(NT)=.4(NT)*EK(1,T )-xL(NT) 
C(NT)=0,0 
0(NT)=,,,F(Ni,NT) 
Ax(1)=c(1)/Bti) 
8X(1)=0(1)/8(1) 

AX(j)=C(J)/(8(J),,A(J)*AX(Jm1)) 
DO 97 4=2,NT 
9(c4)FcP(4..).7A(11AWkIT'1)110il30.74.(0_0)0.4;.1)).___. 
X(IANT)1400(tNT) - 
IF( X(I,NT) .LE. 0.0 ) XiI,NT)P 10E-R25 
0(-1 98 10110 NTMl__ ___________ 
J=NT-K 
X(I,J)=8X(J)-AX(4)*X(IAJ+1) 
IF t X(1/4) .LE, 0.0 ) MI,4) r 
CONTINUE 
CONTINUE 

GO TO 800 

ACq0,0 
ANTM1=NP11 
ANO:NC 
ANT=0,0 
IF (KTYPE.E0.3) GO TO 300 
00_200 
DO 200 JI;20NTM1 
X(1,1)=2F(Ii2),M01,2! 
AC=ACtligLAKILLii_  
X(I,NT)=X(1.01)4,(UtIA1)/ZF(N1/1))*AC 
ANTIBANT+(1./ANTM1)/2. 
X(IIA)qX(IA1)+ANT*Wi#NT)-Xttall  
411)PZF(N1,2) 
MANT)saFtN1,2)+.3*ZFCN1,1) 
ANTP010 
no 210 J=2;NTM1 
ANTIKANT+1./ANTM1 
XL(J)3 (1.(11+ANT*(XLINT)-XL(1)) 
Do 220 J;1120T 
V(j)=Xt1J)+V(iii,X0.1)+W(J)+U(J) 

GO TO 800 

NCM1=NC-1 
DO 310 I=1,NCMI. 

 

 

0! 
0! 
0: 
0 

0. 
0 
Q- 
0 
0 

0 
0 
0  
0 
0 
Q 
0 
0 

0 
0 
0 
0 
C 

0 

C 
C 
C 



A FORTRAN IV (VER 138) SOURCE LISTINC.4 INPUT SUBROUTINE 05/01/73 RAG( 

251 OC) 310 .4=1;_NT _747 _0( 
252 310 X(I,J)=XXL(1,02)/8XX(2) Of 
253 CIO 320 J:1.1,NT Of 
254 3.2. _X (NC*.Alizt14.11 __Of 
255 xL(1)=8XX(2) Ot 
256 XONT)=•8*8XX(2) ot. 

257 ANT=0.0 _ Of 
258 00 330 Nle4NTM1 Of 
259 ANTaANT+ (1 ./ANTM1 ) /2. o( 

260_ 330 X L .1.11._Xl.illtAN MIXL.t.N.T.1,1X,L11.11 _01 
261 DO 340 J=2/NT 01 
262 340 V(J)==XL(J)+V(1).,XL(1)+W(J)+U(J) 01 

_26./...0 . _Of 
264 800 CONTINUE 01 
265 C 01 
266 C 
267 RETURN 0 
268 ENO 0 



Xt15020)PV(201,XL(20).0(20);W(20), 
0129 ),ALt 201-013/ ( 20 )  ATAI2.014-P114;v2-0-34 
HF(20),PP(20),O,DIST 
NC, NT, LOOC, NIOs NTM1, KTOP, 
NI,N21±13,N3N3j_NT20 

/06 0( 
OE 
OE 

Of 
Of 
OE 

  

CMAME(2415),,XKW(15)0RM0(15) 0( 
NK0EKTABL(8,15),TR(S)0 01 
_P IA__K COVE  
NM,HLTABL(8,15)0HVTABL(5,15)0Tw(8),M4(8) 0.  
CK(8015)0OCK(7015),CHV(6,15),, 0. 
DCMV(5015),CHIJ6,15J,DCH4(5_115);  0 

122 FORMAT (//12X 'MAIN COL.UMN RoTABLE' 
WRITE (6,123) tPK(.j)A4=1;NK) 

.12.3___F_ORMAT (_14X_IPRESSUREL_PSIA B.F1444)_ 
WRITE (6,125) 

125 FORMAT (/) 
43_JaIoNC 

43 WRITE (6,124) (CNAME(K#4);g14 1,2);(1EKTABOKJ),K*1,NK) 
124 FORMAT (15X,2A4,6X,8F140) 

no 45 .110.0NC 
DO 45 Kx10NK 

45 EKTABL(K/J)111ALOG(EKTMIL( J)) 

//14)(J ITEMPERATURE; .F I8F149.2)0 
0 

0 
0 

0 
C 

C 
C 
C 

A FORTRAN IV (VER L38) SOURCF LISTING; 05/01/73 PA01 

2 PPA0CtODE 0 
0
0 
0 
0 

11 
12 
13 
14 
15 
16 
17 
18  
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 C 
30 

3; 
32 
33 
34 C 
35 
36 C 
37 
38 
39 
_40_ 
41 
42 
43 
44 
45 
46 C 
47 
48 
.49 
50 C 

1 SUBROUTINE CDATA 
2 C 
3 COMMON // 
_4 1 
5 2 
6 COMMON /CONTRL/ 
7 1- 
8 COMMON /PROP/ 
9 COMMON /0ATA1/ 
10 1 

COMMON /0ATA2/ 
COMMON /CLEF/ 

C 

C 

wRITE (6,100) 
100 FORMAT (1H1) 

C 

T(20 ) Aki 20,2a; AHv(20ito.,AHLL200 20 ) 
(AK(1.011)0A10(101)) 

REAL 
EQUIVALENCE 

READ (5/100 (tCMAMEVIAJA11.1112/00M141)RHOWAIIUALCI 0 
101 FORMAT (244,2X,2F1O,0) 

WRITE (6,102) 0 
102 FORMAT 112WDATA ON COMPnNENTS 1 // 10(01NAMEI117.X,  IMOL WTI, SX0 0  

1 ILBS/(AL ,  /) 0 
WRITE (6,103) IJA(CNAME(kiJ)01011,2)0XMt“J)0RHOWAJIII,NC) 0 

103 F OR MAT ( tki2X.1.210, F 1 h al F15.4 ) 

21 READ (5,115) (TK(J)0Jul0NR) 
..W_FORMA.TAAFJ0.0) 

READ (50115) (FX(440419.0NR) 
READ (50115) ((EKTA504.0.110Km1,8),J=10NC) 

0 
0 

o 

0 
0 
0 

WRITE (6,100) 

41 WRITE (6,122j (TKJJ),4PliNK) 



A FORTRAN IV (VER L38) SOURCE LISTINGi CUATA SUBROUTINE 05/01/73 PAGE 

51 C KCODE •• M. .. RRESSUKE CoRRELT  K.DATA  • /0/ De  
52 C 1 K.DATA ALREADY CORRECTED De 
53 C 2 PRESSURE CORRECT K;DATA De 
54 C 
55 rA=p01) oe 

56 48 Kcoust Of 

57 _____ NKM1=14K-1  _ 
58 OD 49 J1=1,Km1 , De 
59 IF (A8S(PK(J)..PK(J4.1))0T.0•001) GO 10 50 Of 

49_UNTInE___ 101 
61 KuIDE = 2 ot 

62 WRITE (6,126) 0( 
63 126 EORMAT(//12X, 1 K-DATA WILL BS PRWURE CORRECTED Tri THE TRAY pPfssoe 
64 luREfilaxpi USING THE K-DATA REFERENCE PRESSURE AS THE DATUM') Of 
65 C Of 
6.6 50 WRIT (0,_100) Of 
67 C 0( 
68 READ (5,127) JCUDE,ITH(J),081,NH) Of 

69 127 FaRhAT_JI1:119.11.047F1ORD) .01 
70C CY, 
71 C JCOPE 1,!.... UNITS OF ENTHAO? DATA 0" 
72 C 1 .i3 Tit/ maL.F._ 0 - 
73 C 2 BTU/LB 0- 
74 C 0- 
75 READ (5o115) (RH(K)PK=1,MH) 0 
76 READ (5,115) ((1VTARL(K),1),K=1,8),(HLTABL(K,J),Km1;8),J411,NC) 0" 
77 G13 TO (55,51),JODE 0- 
78 51 00_52 .1111,NC  
79 00 52 Kel,MH 0- 
80 HVTABL(K0.1)11HVTA8L(K,J)*XMW(j) 0- 
81 52 HLTABL(K,J)=HLTAEL(K,J)*xmw(J)   0' 
82C 0' 
83 55 WRITE (6,128) (TH(J),,Pq,MM) 0" 
84 128 FORMAT (//12X !ENTRAP? TABLE 1 // 14X 'TEMPERATMREI_F  
85 WRITE (6,129) (PH(J),JP11NN) 0' 
R6 129 FORMAT (14)( 'PRESSURE, PSTA 1 8F14.4) 0 
87 WRITE (6,..110) 0' 
88 130 FORMAT (10X,! VAPOR, BTU/MOLE') 0 
89 OP 56 J;PliNC 0.  
90 56 W R I T_F ( 4,131 ) ( C_,!!!AM Elicai,;_1( st 1.12.).1 LHYT ANA _IS,. i A/kg 1/.P.4. lit  
91 131 FORMAT (15X,244,6X,8F14,1) 0 
92 WRITE (6,133) 0 
93 03 FORMAT (10X 1  LIQUID, 8TU/MOLE!)    ... _ ..  . ._ 0 
94 DO 57 J 1111,NC 0 
95 57 WRITE (6,131) (CNAME(04),K11.02);CHLTA8LIKiJisKA1;NH) 0 
96 C 
97 PPANPA 0 
98 MCODESKCODE 0 
99 KCODE=0 0 
100 DT:AMAX1IITA(NT)IT(1))/2;0#50 • . . 0 . . 



A FORTRAN IV (VER L3E) SOURCE LISTINC4 CDATA SUBROUTINE 05/01/73 

).5.TALli -DT /02- 0  - 

PAG1 

T(20)5TA(NT)+07 102 
103 DT*(T(20),-1(1))/190 
_104 .45.21.1.9 0..7 

62 7(J)=T(..1,-.1)+.0T 105 
106 DO 63 K=1,20 01 
107 CALL KOEN(T(K)#AKAJ,K),K) 07 
108 DO 65 4=2,20 
109 ,11,11=Je.1 0", 
110 A*11_0 
111 HOLD=AK(J,K) 07 
112 AK(JAK)=AK(Ksj) 0' 
.10 65 AK(Ks.J)=HOLD 
114 NPWR=4 0) 
115 DO 66 J=1,NC 
116 HO D=1.0 01 
117 66 HOLD=FITIT-(TJAK(1s.)),20,NPWR;CK(1,J),10HOLD) 07 
118 KCODE=MCODE 01 
119 NPWRM1=NPWR.,1 
120 DO 67 JP1ANC . . 07 
121 DCK(10J)PCK(1,0 01 
_122 00 67 1012,,NPWRM1 _ 0) 
123 67 DCK(K,J)=CK(K+1,J)*FLOAT(10.1) 01 
124 DO 68 K,20 01 
125 60 CALL HOEN(T(K)AAHV(10.1QAAHL(1,K)) 01 
126 DO 71 .12,20 0) 
127 01J1 01 
12R DO 71_ KalAJM1 
129 HOLD=AHV(JIK) 01 
130 ANV(J,K)=AHV(KAJ) 01 
131 AHV(KAJ)=MOIP 01 
132 HOLD:AHL(JAK) 07 
133 AHL(,),10gAHL(K,J) 0" 
134 7 (IctithEMILD 
135 NPWR=3 - 
136 DO 73 JaloNC o- 
137 . _ _o- 
130 H0LOPFITit(T.AANV(1,4),20,NPWRoCHV(104)A1PHCILD) 0- 
139 HOLD=1,0 0- 

3J101.D.S.EITILLTJAHLIL4/..42.0iNPARA C.H.1:114.441.1.K0 t. DI 
141 NPWRM1sWPWR-1 
142 00 75 J=1,NC 
143 ._DCHV(1/.1)!CHVCIA4),..1.0 o- 
144 DC4(1,J)1161L(1,J)-.1.0 0' 
145 DO 75 Km2iNPWRil1 0' 
146 DCHV(K)415_01YIK114.1120FWATAXtrl) 
147 75 0CHL(K,J)=CHL(K+14.1)*FLUAT(K*1) 0' 
140 C 0' 
149 RETURN 
150 END 



A FORTRAN IV (VER L38) SOURCE LISTINGI 2FEED SURROoTINE 05/01/73 PAGE 

_____SMOVT.111E_JELED SUMT ) JO.1 
2 C 
3 COMMON // 
4 
5 
6 COMMON /CONTRL/ 
7 1 
8 COMMON /PROP/ 
9 COMMON /FFDATA/ 
10 1 . 
11 COMMON /DATA3/ 
12 C 

14 
13 1 REAL 

)(1.1.f15),VV(15),ikf15) 
C1FP(6);RECI6),„!.  AX(.6); 

15 C 
16 WRITE (6,100) 

100 FORMAT (1H1) 17 
18 C 

WRITE (6,111) (JsjsliNF) 19 
FORMAT (//i5X,I5HINPUT .F0:#0 0ATA.0.7.X,7HFEFO NO;14x;4I14) 20 111 
WRITE (6,112) l(NAMEW,4),11#1•31,J101,NF) 21 
F OR M A T ( 17X49HE,EY,ILNAM,...t2I)(4613114412)( ) ) 22 117 
WRITE (6,0.16) (NFTRAY(J),JuliNF) 23 
FORMAT (17X,19HENTER/NC AT TRAY NO•2X,6114/) 24 116 

25 C 
26 OD 10 Nall,NF 

2F(N1oN1;00.0 27 
Q010 28 

29 10 iF(N1,N)sZF(N1,11)+LF(IAN) 
30 C 

WRITE (6,117) 31 
32 117 FORMAT (17x,19HcOmPO$IT/oN,mins/HR) 

STEAM MUST RE LAST COMPONENT GIVEN 

00 19 Ix1ANC 
WRITE (6,120) (CNAME(RAI),K=1,2),(ZF(T*R),K=1,NF) 
NsmAT (16)(A2A2.10,6F14,2) 
WRITE (6)121) (2F(N10)st41:1,404F) 
FORMAT (17)(i5HTOTALAIRX,6F14.2) 

FEED HEAT CONTENT NOT GIVEN 

SUMT120,0 
00 40 N=1,NF 
IF (0FN(N):NE.0.0) GO TO 21 

FEED ENTHALPY IS NOT GIVEN AND MUST RE CALCULATED. 

33 C 
34 C 
35 C 
36 C 
37 C 
38 
39 19 
40 120 
41 
42 121 
43 
44 C 
45 C 
46 
47 
48 
49 C 
50 C 

x(15,20),v(201,n(20),0(20);#W(26), 
_1112.01,0ALL2.01,641/(20)..atittal JO F(16;20.);  
HF(20),PP(20);()G,DIST 
NC, NT, LOOC, NIO, NTml, KTOP, 
N1,142,N3AN3N3;NT20 
CNAMEI2,15).0(0415),AHO(15) 
NFoNAMEF11,6);NTTRAV(6)AZF(16,6)02K(15,6), 
(4F1‘1( 6 )1  T F (6. ) Al  P F (61.,  _104/41,1LI.E.)SAALL_TTF161_ 
BXX(6),XXL(15:06) 

IF ON = 

01 

01 
01 

01 

01 

OE 
OE 

Of 
Of 
Of 
01 
01 
01 
01 
01 
01 
Of 

01 
01 
Oi 
01 
01 
01 

01 
J)) 

01 
01 
0; 
0; 
01 
0; 
0 

.._01 
0, 

01 
03 
05 
01 
Oi 



A FORTRAN IV EVER L38) SOURCE LISTING, ZFEEn SUBROUTINE 05/61/73 pAG1 

_..J11 
CALL FLASH IZF(11N),Z1(C1 t4).TF(N),,VV,XLItOV(N).QL(N),OFN‘N)) of 

Of 

{AFC (N )..QFN(N) 01 
GO TO 22 01 

OE 

al 
OE 

ADIABATIC FLASH ON FEEDS TO DETERMINE VAPORIZATION AT ENTRY 01 
01 
0( 
Of 

OE 
Of 

OE 
Ot 

.01 
Ot 
0( 

C 
52 
53 C 
5.4 
55 
56 
57 C 
58 21 OFN(N)FN(N)441.0E6 
59 (IFO(N)414FNIN) 

61 C 
62 C 
63 C 
64 22.1(0041FTRAY(N) 
65 CIEXIN);(ak(N)*1.0E6 

67 C 
68 C 
69 C 
70 
71 
72 
73 C 
74 23 CALL KGEN (TTT,YKsK) 
75 CALL FLASH (ZF(1.0),YKATTTAVVAXI.LIQYCN)491INLOQI 01 
76 C WRITE (6,200) 0(;),(40Q(N),TOLAITT Of 
77 C 200 FORMAT (10)04E5.7) Of 
78 C 
7. IF E wAYA1QQ/QQQ(N),TOLATTT,TBIG-.2) ) 23,27,26 01 
80 C 

01 
82 122 FORMAT (1/ 15X 'TEED F(.ASY FAILED TO CONVERGE FOP FEED 00 13 /1) 01 
81 C Of 
84 27 OVIN),(4V(N)/COPft)41[4._ 01 
85 OL(N)=OL(N)/0QQ(N)*QO 01 
86 28 TTF(N):TTT 01 
87 AX(N):00 
88 BX(N)110.0 (); 
89 DO 29 1101,NC 0; 

..x x_LCIAIAT...XLIA I ) 
91 AX(N)=AX(M)+VV(I) 0; 
92 29 BX(N):8X(N)+XLL(I) O. 
93 BXX(N)=BX(N) 0. 
94 C 0,  
95 IF (1‹.2) 34,38,32 0; 
96 32 I F__V-NT.11.14

. 
 18138.•34 

97 34 AX1iX=ZF (N1.0) 0 
98 QFKIIIF(NIRK)*10(K) 

37 inlANC 0 
100 37 F(I,K)RF(IA)4,  2F(loN) 

81 2(1 WRITE (6,122) N 

TTT=TA(1),100. 
T8I4=TA(T)+100. 
TQL*0QA10.#1.11.0E-4. 

QQQ(N) IS TOTAL FEET' ENTHALPY AT ENTRY TO TOWER. 



A FORTRAN IV (VER L38) SOURCE LISTING-I' ZFEED SUBROUTINE PAGE 05/01/75 

01 F(N1ok)28F(N1 K/tAXBX  / ci OE 
102 /F(F(N1,1W,ME,0410)• HF(K /*I 0FIOS)44/F (NI 10 K ) OE 
103 GO TO 40 OE 
104 C   01 
105 38 QFKM1=F(NI,K...1)*HF(K-1) OE 
106 OPK:F(N1,K)*HF(K) OE 

107 D_Q. .39 I 6.14! NC Of 
108 F(I01(1,1)mF(IsK.-1)+NV(I? OE 
109 39 F(1,10PF(I,K)+XLL(1) OE 
11.0 F..(Ja, K..1_111.E1.410._K".1121...4ntS./.._ ______01 
111 F(N1iK)=F(M10K)+13X(N) OE 
112 IF (F(N1,1(..1)0EQ0.0) MF(X".1)*(QFKM1-0V(N))/F(N1,1(”1) OE 
113 .. _IF_ i .F Q4_101.0_,NE.•12.0.1..._.HF tic1itikEc+Qlj Nil/ F 51.41/X) ______ __________ _ OE 
114 40 SUMT:SUMT+ZF(N1AN) OE 
115 C OE 
116 C  
117 WRITE (6,123)(TF(N),i=1,F) OE 
118 123 FORMAT (/17X !TEMPERATURE, Fl 9X 6F14.1) OE 
119 WRITE (6,124)(Rf(N10N=1,rF) Of 
120 124 FORMAT (17X 'PRESSURE, PSIA' 9X 6F14.4) OS 
121 WRITE (60125)(4FCIN)0N:1iNF) OS 
122 115 FORMATaanctH2ALSOTEN.TI BTUS. ItAIW il2 ..0;j5.E.1kol_. ______JM 
123 WRITE (6,126) (QFG(N),Noi,NF) OS 
124 126 FORMAT ( 17X !HEAT CONTENT, BTUS (GIVEN)! F110,5F1.4,0) Os 
125 _ _ WRITE...1_001274_14EX(N) ,NsIANF) OS 
126 127 FORMAT (/17X 1 400ITIONAL HEAT, BTUS! 2X 6F1401 OS 
127 WRITE (6,128) (00EN/oNss1iNF) OS 
128 12.8 FIMMATAA170_1HEAT—VAltigi BTUS LINLETILL_FALL0A5FI41,0) 0' 
129 WRITE (6,129) (TTF(N)0111,NF) 0( 
130 129 FORMAT (17X !TEMPERATURE, F (INLET)/ 1X 6F14,2) 0( 
131 WRITE (0,130) (AX(N),N=1;NF) 0( 
132 130 FORMAT (/17X !VAPOR, MOLS (INLET)! 4X 6F14,3) CY 
133 WRITE (60131) (BX(N),N=10M.F). 0c 
Al4 131 FORMAT (17X IA...WIP,  moLs (INLETAI 3X 6F14,3) _0! 
135 C 0' 
136 RETURN 01 

_137 ____ PO 0, 



A FORTRAN IV (VER 138) SOURCE LISTINGI FLASH SUBROUTINE 05/01/73 PAGE 

.1 _.50R0Vri tiEF_LASii__IXX2ZKOILL(GXLLQVA_Q_LAQT ) /0 Z _____w 
2C 0( 
3 COMMON /CONTRL/ NC' NT, • LDOCA,N100 NTMi,  RIM)", 0( 
4 .1.__________ _ _.......________Nlit42;113..t.,43NLOT20 ot 
5 C 

REAL 
0( 

6 Xx(1),ZK(1),XV(1),XL(1),HVAP(15),HLIQ(15) 0' 

_7 X__ V 
8 C sfiii-------Ye4( -OiED Ot 
9 C 

_ 
1=_ TOTAL L4gOiD 0' 

10. C _ _ __ _____IDIAL_WDR 0' 
11 C of 
12 SUm=0,0 of 
13 SUMX=0, 0' 
14 SUMY=0. 01  
1, DU 1 Im1,NC 0' 
16 IF(XX(il_kgQ.A.DADiGntal__  
17 SUM=SUM+XX(I) 0' 
18 SUMYLISUMY+xX(I)*U(I) 0 
19 SUMX=SUMx+xX(I)/ZictI) 0 
20 1 CONTINUE 0' 
21 C WRITE (6,310) SUmX,SWMY,SUM 0' 
22 C 3.10 F_ORMAT( 1.1,  /3E25,7)  
23 IF (SUM .RSUMY)4,2,2 0' 
24 C 0 
25 C ..!..PI.CPPOT) (19.VIP. 0 
26 C 0 
27 2 O0 3 ImlANC 0 
28. XL( II :XX III_ 0 
29 3 XV(I)=0, 0 
30 SUMX=SUM 0 
31 SUMY=0.0 0 _ _ _ _ 
32 C WRITE (6,300) 
33 C 300 FORMAT (///0.  SUBCOOLEO ttOUiDt) 
34 C WRITE (6,20) (XX(J)07.1((j),XV(J),XL(J),J=1,NC) 

0 
0 
0 
0 35 C 20 FORMAT (4E20,6) 

36 GO TO 30 0 
37 _____4 IF___(.SUM -SuMX)7,1A5 _0. 
38C 0 
39 C SUPERHEATED VAPOR 0 
40. re_ ... ,__.„___  ____ ...0 
41 5 00 6 Iml,Nc 0 
42 XV(I)RXX(1) 0 
4.3 __IL:A 1,C1 ) 8_0_1 .___,......_0 
44 SUMYeSUM 0 
45 SUM00,0 0 
40 C WRITE 104301 L 0 
47 C 301 FORMAT (////f SUPERHEATED VAPOR') 
48 C WRITE (6,20) (XX(J),Z1((j);XV(J),XL(J),J=1A NC ) 0 

_49 _ GO 10_30. 0 
50 C 0 



A FORTRAN IV (VER L38) SOURCE LISTINGS FLASH SUBROUTINE 05/01/73 PAGE 

51 C SYSTEM _ .2i.Y.P.!FMASE. . 
/D ? OS 

52 C OS 
53 7 XLF=0•9999999 OS 
54 ...___XL.f*=.9:•../Q011_0.0.1...._______________—_—___....... 05 
55 C OS 
56 8 XVF=1/0.,XLF OS 
57 SUOV=SUM*XVF 05 
58 SUMX=SUM*XLF 05 
59 YTOT=0,0 OS 
6P 
61 

MT=PAP_ 
DO 9 I=1,NC 

V 
Os. 

62 FAC=XLF+XVF*IK(I) OS 
63 XV(I)=XX(I)/SMM n,K(I)/FAC_ 

YTOTOTOT+XV(/) 
_ 4.`

64 OS 
65 
_Ot> 
67 
68 
69 
70 
71 
72 

C 
C 
C 
C 
C 
C 

XL(I)=XX(I)/SUM /FAC 
9 XTOT=XTDT+W_II_ 

13 WRITE (6,200) 
200 Ft)RMATA/11/(  MIXED PHASE') 

OS 
AS 
0' 
C) 
_OS 
Oc 
W 

_9(  

WRITE (6,410) SUMX,SUMYpSOM ;YTOT,XTOT 
410 FORMAT (5E2517) 

II IXVIALIA/11.5114.41.0 _WRITE _L61.2.a.) _XXXI ..114.2.K3 
73 IF ( WAYA ( (YTOT..XTOT),0•000.600005,XLFPXLF$P1) ) 8,2248 0' 
74 C 0' 
75 I T.E... 10/.10.0) __18..11R _0' 
76 100 FORMAT 1//5X 'FEED FLASH  CALCULATION FAILED TO criNvE0G0 W 
77 + /5X 'LIQUID FRACTION EITHER > 0:999999 OR < 0.00f2,6011 / 5X. IcALCLW 
70 _11,ATION____CD_NTINUIN.G.1  _LI 1, _ ot _ 
79 c o( 
80 22 DO 24 ImiliNC 0' 
81 XL(I)xXL(I)*SUMX 0' 
82 24 XV(1):XV(/).*SUMY 0' 
83 C • 1.4 
84 30 (4=0•0 
85 (4=0,0 1( 
86 CALL HGEN (TT,HVAP,HLIQ) 1( 
67 !1,. C

.. _._.......... -C ...4! 
88 OV00V+HVAP(I)*XV(I) 1( 
89 32 QLITQL+14LIMI)*XL( X) ic 
90 9.0110.001, __Ls 
91 C U 
92 RETURN if 

_90 .ENP__.. _ ... _ 



A FORTRAN 

1 

IV (VER L38) SOURCE LISTING: mPLYm SUBROUTINE 

SVARQU.TillEA.P OM ( tio 1r C p NI ____ 
? C 
3 C MATRIX MULTIPLICATION• 
4 C A#R.E.C... . 
5 C Ns:ACTUAL SIZE OF WRTX 
6 C 

05/01/73 PAGE 

 /Ar .1( 

1( 
1( 
AJ 
ic 
it 

7 REAL. A ( 20,24)4.1( .20.;204.A.C.1.2.0.40/..... _______1( 

f3 C “ 
9 PI a N 

5 DA mJ=Ilm .10 

it 
E 

11 DO 20 I=1,N IC 
12 C(I,J)=00 1( 

K=1,14 
14 C(1,J)PC(1'.,0).,04(1s1()*B(Ksj) It 
15 30 CONTINUE 1( 

_111....___1(1 _UM NIA ______11 
17 10 CONTINUE 1( 
18 C 1( 
19 RETURN 
20C 1( 
21 ENTRY MPLYV (A,B,C,N) 1( 

22 m go . .11 

23 GO T 0 5 1( 

24 C I ( 

25 E ND I.( 



A FORTRAN IV (VER 1.38) SOURCE LIcTINGt ZERU SUbROUTINE 05/01/73 PAGE 

1 SUBROUTINE ZERO(A,K) /09 IC 
2 REAL A(1) 1C 
3 DO 10 .1210K IC 

.4 ...____IP.___Att) =PO ,, .. 1.( 
5 RETURN 1( 
6 END IC 



A FORTRAm Tv (vER L38) SOURCE LISTINGi EQUAL SURRnuTINE 05/01/73 PAGI 

1 SUBROUTINE._fgUAL_IAARim) //t) 1(  

2C • 11 
3 C MATRIX A MATRIX . 80. WHERE•mATRIX R IS GIVEN U 

REAL 
5 C 
6 N=M 

7 _5 _D0_10. __al 
8- 00 10 lelpm 
9 10 A(laJ):8(I,J) . 

....___RETURN 
11 C 1 
12 ENTRY EQUALV (A,4,m) I. 

... 
14 GO To 5 
15C • .1 
16 END 



A FORTRAN IV (BIER L3B) SOURCE LISTINGS MATRIX SUBROUTINE 05/01/73 PAGE 

1  SUBROUTINE MATRIX (ggeN)   /1/ c __j 
2 C 1C 
3 COMMON // X(15,2q),Y120)4•XL(20),U(22),W(20)4 1( 

9.1.014.1.12.0.)_414V (2.0.) p T t (.2_0.1P.F (.1.6,20.)..,..____. ._ _______1S 
5 2 HF(2O),PP(20),QG,DIST 1( 
6 COMMON /CONTRL/ NONT,LOOC,NIO,NTM1PKTOP, 1( 
7 1  N1,02,N3AN3N3AT20 ____ if 
8 7-(OMMON /DATA/ 111K G (1520D1015,20),HVV(15,20); 

-- 
I( 

9 1 HLL(1541.20,APNV(13,920)4DHL115s20), 1( 
10 2 Y(15,201 A! 
ii ----tOgtidN /FIX/ A(20,20).0(20,20,15),C(20,20s15)* 1( 
12 1 E(20,20),AF(26,20), I.( 
13 2_____ AJ(20;20)*RHS(20,18), _ _ _ _ . _ _ _ . . . _ _ ; ( 
14*----  3 G(20$20),AL(25,20),AM(20,20) 1( 

1( 

DVMAX/04001LOLMAX/0.001/,DTMAX/0.05/ 

1S C 
CX4(10,CTA(70401t20 

17 
18 DATA 
19 C 
20 C 
.21 WRITE (6,2) 

CAL1_MYRITF 
23 2. FORMAT (1H1) 
24 4 FORMAT(/) 
25 NOE:ME:0 
26 PO 399 NIT=1,N10 
27 C 
2 8 . _ PD 10 _1!1/XIL 
29 SUM=0.0 
30 DO 11 JzIANC 
31 11 SUNIBSUM+XjjoI) 
32 00 12 0ilsg 
33 12 X(J,I)*X1JI)/SUM 

_CMCLLNAL 
35 CALL GET 
36 C 
37 CALL INI 
38 CALL iNTHAL 
39 CALL COMP 
42 
41 GO TO (501,501,5014502),LDOC 
42 502 CONTINUE 
43 C 
44 C THE ERRORS ON EACH STAGE CkE PRINTED.. 
45 WRITE(602) 
46 
47 C 
48 DO 80 IsloNT 
49 80 WRITE(6,402) IARHS(4143).0_,MS(1,02)1RHSCIAM1) 
50 402 FORMAT(//10X 1  UNSCALED COMPUTED CORRECTIONS4DLOPfer, 



A FORTRAN IV (VER 138) SOURCE LISTING; MATRIX SUBROUTINE 05/01/73 PAGE 

5 1_151/.10)((1113E18.25ii #2... 1.1 
52 C 1] 
53 C CALCULATE CORRECTIONS FOR EACH STAGE 1] 
54 C AJ 
55 bp 135 1=1AT 11 
56 CTA(I)=T4(I)tRMSCIAN1) 11 
57 CW.1101,(1.1.±.RHSCIA113) 11 
58 CV(1)0i(114,RHS(I,1424 /1 
59 135 CONTINUE 

1 

60 ..IFILD_QC_Efit,2J.__IttRITE16.),2.1.. 
61 C 
62 C PRINT CORRECTIONS FOR EACH STAGE 
63 C 
64 WRITE(6,4) 11 
65 Dn 136 I:13NT 
.66 136 2t1 ITE (6/A03j It C.XLILLs_cYLLI,LCIAILL. IA 
67 403 FORMAT(//10X 1  CORRECTED L-V--T USING UNSCALED CORRECTIONS ON STAGE 0 11 
68 1 15//10X(1P3E18.5)) 11 

_ 
70 5.01 —C-6-14-Tfiiiii-  .----- 11 
71 C 11 
•72 C CHECK FOP CONVERUPCE 1J 
73 C (1) MAXIMUM ABS(DV),LT:DVMAX V= VAPOR FL0 11 
74 C (2) MAXIMUM ABS(00.1.TOLMAX L: LIQUID FLOW 11 

(.3) MAXIMUM ABS(DT)41.T.BDTMAX Ts  TEMPERATURE 13 
7. C SCALE CORRECTIONS IF Tno LAPGE r,e..CAUSE FOR SCALING 1] 
77 C (1) OV,GT0.200 1: 
78 C _12) OLATAL.O..20111, ._ X 
79 C (3) DT.U.20.40 1: 
80 C 1: 
81 OV=0,0 __ .1; 
82 DL=0.0 :-. 1: 
83 DT=0#0 1 
84 SUMS0=10.0 AZ. ... _._ 
85 C 1 
86 DO 145 M=1,NT 1 
87 SUM5Q=SUMS0+BHS(titN1)**2 1 
88 OVPAMAXICAPSCRHS1M4pN2MV(M)ADV) 1 
89 01.0AMAXI(ABS(RHS(M;N3))/Xl(M)ini 1 
90•.J45 DTwAMAX1(ABS(RHS(M,N1/110/) ____1 
91 C 1 
92 IF(PVi(T.DVMAX.AND.DL.LTOLMAX.ANDeDT•LT•OTMAX) NOONE=1 1 
93 C 1 
94 505 P11 150 I=1ANT 1 
95 DO 150 j=liNC 1 
96 CX2RH$A04),PX(4,1) . 1 
97 IF(RHS(1,J),LT.1,0E-6) GO TO 506 1 
98 IF(RHS(I,J).LE.0.60R,RHS(I,J)•GE.1.0) GO TO 509 1 
99 GO TO 150 1 
100 -306-IF(RHS(IPJ),LE.00) RHS(I,J)*X(JAI)/2.0 1 



A FORTRAN IV (VER L3B) SOURCE LISTING, MATRIX SUBROUTINE 05/01/73 PAGE 

//3 11 
1) 
11 

11 
1] 

13 
11 
1] 
11 
11 
31  
11 
11 
11 
1] 
1] 
11 

• 11 
11 

1] 
11 

11 
11 

_11 
11 
11 
11 
11 

11 

1: 
1: 
1' 

1: 
1; 

1. 
1. 
1; 
1: 

150 C 1. 

101 150 
102 
103 509 
104 
105 
106 
107 
108 155 
109 
110 C 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 

IF(LDOC.E0:1) GO TO 513 
IF(LDOC•GT:2) WRITE(6,2) 
WRITE (6,404) NIT,SUM59,0TADvADL 
wRITE(6,4) 

404 FORMAT(//1611  ITERATION NumBERt. 11// 
__... 11 2 X__I____31LILAT 

212X 1  DT MAXI E2046/12X 1  tlAx nV/V 1 F264,6/ 
312X,  MAX DL/LIF26.6) 
_l_flOPIC_ofc),_2ARANDOODINIT.,151J.9_,b)_YRITf_16,2.) 

507 DO 15e 101"NT 
IF(A8s(RHs*(I,N3».GT.0.20*nclhooR.AssIRHsci,N2». 

1GT.0.20*V(I)) GO To 500  
150 CONTINUE 

GO TO 510 
500 NOONEPO 

DO 160 Ial,NT 
RHS(I,N3)=RHS(I,N3)*,5 
RHS(I,N2)=RHS(I,N2.)*,5 

160 CONTINUE 
GO TO 507 

510 DO 165 Ifil,NT 
IF(ABS(RMS11,N1)).GT.20.0] Go TO 511 

165_._ 4UNITIVE 
Go T1) 51i_  

511 NOONE=0 

00 168 I=1,NT 
RHS(I,N1)=RHS(I,N1)*,5 

163 CONTINUE 
GO TO 510 

512 DO 170 IsliNT 
P10-1.71__411;_MC_ 

171 X(J,I)sRHS(I,J) 
XL(I)=xL(I)+RHS(1,N3) 

_ V(.11_14(I)+PIESII,N2) 
TA(/)11TA(I)+RH5(I,N1) 

170 CONTINUE 

CONTINUE  
GO TO 507 
NDONE:O 
DO 155 I=1._,OSLT_ 
DO 155 J=1,NC 
CX=RNS(1,J)-X(J,T1 
RHutp_Asx_LJAI)4-sro401z.,cx) 
coNTInvE 
GO TO 505 



A FORTRAN IV (VER L38) SOURCE LISTING: MATRIX SUBRouTINE 05/01/73 PAGI 

NV L 
1; 
1; 

1; 
1; 

1; 
1.  

1.6_0_________WA1TE._(.64_4o5) 1..; 
161 405 FORMAT(///20X1 Nn CLOSURE OBTAINED ON PROBLEM/ L 
162 12oxf FOR SPECIFIED NUMBER OF TRIALS'///) 1: 

_163.....______WRITE__( 6/ 2 .) __ . ______1_ 
164 CALL MwRITE . 1; 
165 RETURN 2 . 

167 516 Go TO (600,600,700.0700), LDDC 1 
168  6o0 WRITE (6,2) 1 
169 _CALL MWEUT.E.. 
170 C 1 
171 700 RETURN 1 
172  

_LI.L 00_111_1513....513;51_4,51.0.1 LDO.C__ 
152 514 CALL MwRITE 
153 513 IF(NDONEINE.0) GO TO 515 
1.54..0 
155 399 CoNTINUE 
156 C 
157 GaT1115  
158 C 
159 515 JE(NDONEONIE,G)-Go TO 516 



A FORTRAN IV (vER L3e) SOURCE LISTING' 05/01/73 PAGE 

SUBRDIJTILLE_ JUL  /4/ .12 
2 e 12 
3 COMMON // X115,40),V(20,,XLt20),U(20);W120)* 12 

011Z01;11112.01i_NY12.0.14 TA I 20 Le Eat 20 ); 
2 HF(20) A PP(20),(4,01ST 12 5 

6 COMMON /CONTRL/ NONT,LDOCAN100TMIsKTOP, 12 
N1,02sN3AN3N3IT20 _1 12 

7 
toiosioN /DATA/ WKI15.)10);Dg115,20)4HV7015,20), 12 

1 HLL(15;20),DHV(15420),DHL(15,20)0 12 
10 2 _KUP11.01_ 

COMMON /FIX/ A(20,20),B(20,20,15),,C(20,20s15), 12 11 
12 1 E(20,20),AF(20,20), 12 

13 _ _ 2 Aj(20;20)4RHS(2.048),  12 
14 3 G(20,20?"402 -5,20),AM(20s20) 12 
15 REAL SM(20;40).;SV(400), 12 
16 _ AK(20i20)00(20,20) 
17 C 
18 EQUIVALENCE (SM(1,1),SV(1),, 12 

1A(1;1),AK(1A1),0(1,14)_ 12 
-20 12 

21 C DEVELOP OVERALL MATERIAL. OACANCE ENTRIES  BLOCK N3 12 

22 12 
Aj MATRIX IS SET MAL TO ZERO AND THEN THE 23 C 12 

24 C NON-ZERO TERMS ARE COMPUTED 12 
28 C 12 
26 CALL ZIR0CRH5i446) 12 
27 CALL ZERO IAJ/NT20) 12 
28 C 12 

00 10 licIPNTM1 29 12 
30 12 
31 1.2 
32 10 CONTINUE 12 
33 Aj(NTANT)11 1. 12 
34 C 
35 C AK MATRIX IS SET EQUAL TO ZERO AND THEN THE 12 
36 C NON-ZERO TERMS ARE COMPUTED 12 
37 CALL ZERO (AKOT2D) 
38 AK(1,1)P-1. 12 
39 DO 20 1s2pNT 12 
40 _AK.11,02rAl 
41 1; 
42 20 CONTINUE 12 
43 C 
44 C THE RIGHT HAND SIDE OF THE MAT,ERIAL RALANCE IS DEVFLOPFD 1; 
45 C 12 
46 R1-4S(1 N3 ) aXt, (Than +V ( Ja+Pi We,  F__OL+1,40, ).112 ) 
47 DO 30 I22ANTM1 12 
48 R9S(/oN3):XL(1)+U(/)+V(1)444(1)..E(NC+1,T)-XL(1.-1)...01+11 1; 
49 30 CONTINUE 1; 
50 RHS(NT,N3)eXL(NT)+U(NPOINT)+W(NT)nFINC44,NT) XLINTM1) 1; 



A EnRTRAN IV (VER L38) SOURCE LISTING: IN! SUBROUTINE 05/01/73 PAG 

,51.0 i/6 

52 C 0ENEP.ATE RHS OF SUM EQUATION L 
53 00 31 IPliNT 1, 
54. _______ R._HS_Ll.t_ti.ah_s_i_.__._______________ I; 
55 51 CONTINI)E 1; 
56 c 1; 
57 C JNY.E.R.T_AK . L 
58 L40 L 
59 DO 34 Nx1,NT 1, 

60 .._... _ AIO _33 Mli._,Le.NT -L 
61 L=L+1 1; 
62 5V(L)=AK(M,N) 1: 
_63. .......33 ___COLITINUE__ .1-, 
64 34 CONTINUE 1, 
65 C 1: 
66 ___ MAIRIX_AIS. IS .P.4.V.E.RTE.0 .1. 
67 C 1 
68 CALL MINV(SV/NT,DETRM$AK(1.11),AK(1,2)) 1. 

6.9..C___ —1; __________ 
70 010 ,V 
71 DO 38 Nigl,,NT V 
72 _ _00...1.7._P1lii,NT 1.: 
73 L=L+1 L 
74 AK(M,N)IgSV(L) 1: 

-1 
1: 
V 

.1,: 
1: 
1: 
1. 

L 
1: 
1: 

1: 
1: 

- — F
. 
 

1 
.. .„__.........1 

1 
1 
1 
1. 
1 

1 
1 

1 

75 _37...___CIPITINVE 
76 38 
77 C 
78 C AK 
79 C RHS 
PO C 
81 
82 
81 
84 

CONTINUE 

AND AJ ARE MULTIPLIED TowHift Alpo wilm ASSOCIATED 
FOR MATERIAL BALANCE EQUATION 

CALL MPLYM4AK,AJoSMPNT) 
CALL EQUAL(AdoSM/NT) 
CALL MPLYV(AK,RHS(1/N3?,5VoNT) — 
CALL EQUALV(RHSO~WIT) 

85 C 
A6 C GENERATE C PART OF COMPONENT MATERIAL 
87 C ..5.ALANCE_NMCki 15__ WISE __C .PROMPOmPONENT 
PP C 
E9 C SET C MATRIX EQUAL TO ZERO FOR. COMPONENT 
90 C ,J Aj10 GRNE_RATE_BON!...ZERD 1fRMS 
9). C 
92 DO 53 JalsNC 
93 CALL ZERO (C(1/1,J),NT20) 
94 NJ 41 1=1,7M1 
95 CWIP.1)=WK(J•1)*X(J,I) 
96 (11,024111.).11 W.K ( J A I + In  
97 41 CONTINUE 
98 C(NT,NT,J)=WK(J.,NT)*X(JoNT) 
_99 C 
100 C - aNERATEbAAfiki-X 



A FORTRAN IV (VER L38) SOURCE LISTING: INI 

01 C  ONLY NEEDED ki THIS TM 
102 C TO MUDIfY"C MATRIX AND ASSOCIATED RHS 
103 C 
194 
105 C 
106 D(1,1)=X(J,1) 
107 _DO 42 1=2/NT 
106 n(I01-1)=*X(JAI-1) 
109 D(1,I)40(.1;I) 
119. SJPILIAJAL 
111 C 
112 C GENERATE RHS FOR EACH COMPONENT 

10 C 
114 00 45 IsIANT 
115 RHS(I,J)*F(J,I) 
116 45 CONTINUE 
117 C 
118 C MULTIPLY D * RHS(-,N3) Arn 
119 C SUBTRACT FROH RHS(I/J) 
120 C 
121 DO 48 I=1,NT . 
122 Do 48 Kgtie 
123 Bils(I,J)=RHS(I,J)-D(IAK)*RHS(KAN3) 
124 48 CONTINUE 
125 C 
126 C mOLTIPLY D * Aj AND SUBTRACT FROM C 
127 C 
128 CALL hi'Li 04PAJAVAM) 
129 C 
130 DO 50 1=1.,NT 
131 P0.50.K=1AVT 
132 1C(.1,K,J)PC(1,0.1),4SM(1,K) 
133 50 CONTINUE 

_ _ _ _ _ _ _ _ _ _ 
135 -53 CONTINUE 
136 C 
137 RETURN 
138 END 

SUBROUTINE 05/01/73 PAGE 

 //7 
3,2 
12 

12 

12 

1: 
12 
12 
12 

12 

• 12 
12 

_12 
12 
1,2 

12 

12 
12 

12 
12 



A FORTRAN IV (VER L38) SOURCE LISTING: 

_i_ ____ $0._ROLITIAL_ERTHAL  
2 ---e- 
3 COMMON // X(15,20),V(20),XL(20),.U(20);WI20# 
4 1 01.211.)iliLS/0.) i.14.K.I20i A TA  ( 20/0_14_116;201.e_ 
5 2 0(20),PP(20);QOP0IST 
6 ComMnN /CONTRL/ NCANT;LnoC,N10,NTMI,KTOP, 
7 1. NI,N2e3,m3N3;NTg0 . 
8 COMMON /DATA/ WK1154.2.0);OKI150.204HVV(15,2o), 
9 I HtAitI;20)4nHV(I5J020),044:15,20:, 
In 2 Y(15i.2.6) 
11 
12 1 E(20,20),AF(26,20), 
_1.3_  Z . AJ(20,.20),RNSt20018), 
14 3 G(20.020),AL(26,20),AM(i0$20) 
15 REAL SM(.20,20),SV(460)iH(10$20 

17 EQUIVALENCE (SM(1,1),SV(1)), 
le + 
19 C 
20 CALL ZERO (AF.400) 
21 CALL ZERO (Gs400) 
22 C 
Z3 C ENERATE AFJPG,HpAND PHS(",r1) 
24 C 
25 C 
26 C GENERATE AF ENTRIES 
27 C 
2R ..._ DU 64 011 1.04_ 
29 C 
30 AF(1,1)=AF(1,1)t(XL(1)+U(1))*X(Jil)*DNL(dp1) 
51 14.(V(1)+W(1))*(WK(.441)*0HV-(JA1)+HVV(JA1).*OK Wan *)514 01) I 
32 AF(102)6AF(1,2)..( V(2)*X(JA2))*(1e(J)2)* 1.  
33 1010(.102)+HVV(J,2)*0K(J2)) 1. 
34 DELI" i.,12,1,4141 1,  
35 AF(1.0.1)=AF(IiI...1),(XL((,1)*X(J,II;1)*OHL(4,19,1)) I 
36 AF(I,I)RAF(I/I)+(XL(I)4U(/))*X(JII)*DHL(.1,1) 1. 
37 i+JVCI)!0.*(I.)P'011.aJW*DMV.4.4,1)+NVV(API/*0.14(4k1J11(i1JAI) .1 
38 AF(1,04.1):AF(1214,1)-(V(14,),)*X(J'i+1))* 1. 
39 liWK(Jol+1)*DMV(Ja1+1)444 VVIJA14,1)*DUJol+1)) 1. 
40 61 CONTINUE 1. 
41 AF(NT,NTM1):AF(NT,NTMO.,(XL(NTM1)*X(.1,NTM1)*ONL(J o NTM1)) I 
42 AF(NT,NT)=AF(NTANT)+(XL(NT)+U(NT))*X(J,NT)*DHL(JoNT) 1 
43 14P(V(NT)+W(NT))*(WK4A,NT)*DMV(JaNT)+HVV(J.01)*(*14/111))1XJAAPTI__ 1 
44 64 CONTINUE 
45 C 
46 C 
47 C GENERATE G ENTRIES 

 

48 C 
49 DO 65 Ilm1owTM1 
50 G(I,1)=1V(1) 

COMMON /FIX/ A(20,20),B(20$20,15),C(20,2('$15)) 

(A(1,1),04(1,1)) 

05/01/75 PAGE 

//t 

1: 

1: 
is 

1 



A FORTRAN IV (VER L38) SOURCE LISTINGI ENTHAL SUbRi.LITINE 05/01/73 PAGE 

51_ _- _ni 1 + ] ) a ..1-1  V ( I+ L)._ 1/ 9 _ ii 
52 65 CONTINUE 14  
53 G(NT,NT)=HV(NT) 14 

. 
55 C GENERATE ENTR I ES-----  ---- ---- ---- 14 
56 C 14  
57 . _ _CALL ZERO (HANT20) 14 
58 H(1,1)=HL(i) 14  
59 DO 72 I:24NT If 
60 M(14.1ml1Al.H01.,1)   
61 H(1,I)sHL(1) 14 
62 72 CONTINUE 14 
63 C 14 
64 00 74 1811,MT I,  
65 74 KHS(1,N1)12-Q(I)+F(N1ai)OW(I) 14 
66C 12 
67 C MULTIPLY H BY AJ AND SUBTRACT FROM G 1. 
68 C 1,  

,(.0
9 DPiti!1 1 ,NT 
7 

. 
DO 76 Lulor.T 1. 

71 DO 75 K=1,J 1 
72 75 fI(IPL)=G(IAL)-411J/K)*AJ(KAL) 1,  
73 C 1,  
74 C MULTIPLY H BY PHS(I,N3) ANf SU3TR4cT FROM RHS(IoN1) 1,  
75C  
76 RHSCI,M1)=RHS(1.0)11) 11,1(1,1.)*Rr4S(LiNS) 1,  
77 76 CONTINUE 1. 
78 C 
79 C 1. 
80 C 1.,  
81 . _ _RETURN _  
82 END 1. 



A FORTRAN IV tVER L38) SOURCE LISTINGi 05/01/73 

ILO R i 

pAGF 

2 C 14  
3 X(1PA.20,v(20 0 04 COMMON /1 ,XL(2,:u(20FAW(2 1,i 

4 
5 
6 

1 QUALD'HL(20)Jka.12.0141_TA14.0)4F t16;.2.0.6_ 
14 
14  

2 HF(20),PP(20)441G,DIST 
COMMON /CONTRL/ NC,NT,LDOCoNIU,NTM1,14ToP,  

7 
8 

1 Ni,N2#N3,N3N3A_NT20 
14 cd?-41- WKI15,201K(15420 0)VV(15,70)A /DATA/ : 0 

9 1 IJ HA15,20)4DHV(15020),DHLC15,2(), 14 

10 YW.A2s0 
11 COMMON /FIX/ A(20,20),Ii(2o,20,15),c(20,20,15), lL 
12 1 E(20,20),AFt2c,20), ld 
13 ) A ____14  

3 G(20,020)14026,2D)AAM(20,20) 14  14 
15 REAL SM(20;20),SY1400) 14  
16 C 
17 EQUIVALENCE (Sm(1,1),Sv(1)) 14  
18 C 14 
19 C GENERATE COMPONENT_BY OMPONENT A,D,E,ANDA 14 
20 C I IS NOT ACTUALLY GENERAI.EO SINCE TT IS THE 14  
21 C COMPONENTIAL ENTRIES FOR THE SUM EOUATION 14  
22 
23 C COMPUTE INVERSE OF A AND MULTIPLY TOP ROW By IT 1,  
24 C 1,  
_25 Z.ER0.1AL.4.00) 1.4 

CALL ZERO .(Am0400) 26 
27 C 
28 DO 150 
29 C 1 
30 C F + G ARE ADJUSTED AS A REspLT OF E ELIMINATION 1 
31 C L AND M ARE ADJUSTED BY I ELIM/NATiON — 
32 C 
33 CALL ZERO iA•NT20) 1 
34 CALL ZERILIB(1;104,1),NT2Q) __a 
35 CALL ZERO tEANT20) 
36 C 1 
37 11(1,1)10(V(i)+W(1))*WK(J01)+XC(1);44)(1) 1 
38 A(1,2)011wV(2).*WK(.1,2) 1 
39 r(1)1)e(V(i)+W(1))*WK(4,1)*HVV(4/1)+ 1 
40 14 XL WAViiinHt. 1.  
41 E(1,2)=.•\/(2)*WK(J,2)*HVV(J,2) 1 

42 00 82 I=2,NTM1 1 

43 1 
44 AtI,I)giV11)+W(I))*WK(JAI)+XL(I)+U( ) 1 
45 At1,1+1)4-VtI4,11#WK(jOI4i) 
46 1 
47 EII,I-1)=—XL(I,..1)*HLL(Js1.1) 1 

48 EtI,I)stV(I)+W(I))*WK(J,1)*HVV(J,I)4,  
49 1(XL11)+U..t..M*PILLfj.LI ) 3.  
50 &t1,1441erV(1+1)*WK(JA/+i)*HVV(J4I+1) 1 



A FORTRAN fV (VER L38) SOURCE LISTING: COMP SUBROUTINE 05/01/73 PAG1  

_51_ 112___CTINTINUE____ /Li V 
52 A(NTsNTM1)=—XL0-4TMI) V 
53 A(NT0NT)stV(NT)+WC , T))*wv.(JAT) 4ALCNT)+U(NT) L 

_54_ ____...._5.111TAATAlle.f.X.LINIh i. ) *)11,1A.J., N T M1) ..)..! 
55 E(NT,NT)=0,(NT)+W(NT))*WK(JAT)*VVIJ,NT)+ L 
56 1(XL(NT)+O(tJ))*HLL(J,NT) L 

_57 C  . ..._______ ...._. 
58 00 83 I=1PNTM1 . L 
59 8(1,I,J)=CV(I)+W(1))*X(JaT)*OK(JA) 1. 
60 P(.1.4.1k11J)=-V(11.11011Altli#DK(AiIk11 ___ __________L 
61 83 CONTINUE 1. 
62 8(NT,NT,J)=.(V(NT)+W(NT))*X(J,NT)*OK(jiNT) 1. 
63 C 
64 C MATRIX A IS INVERTED 1 
65 C 1 
66 L=0 
67 DO 90 NoliNT 1 
68 PD 90 MulANT 1 
69 L=L+1 1 
70 SV(L)=A(MsN) 1 
71 90 CONTINUE 1 
72 C 1 
73 CALL MINV(SVATADETRMAA(1,1),Af1s2)) 1 
74 L=0 
75 DO 91 NuloNT 
76 DO 91 MeloNT 
77 L=L+1 
78 A(M,N)=SV(L) 
79 91 CnNTINUE 1 
80 C 1 
81 C MULTIPLY A BY B 1 

1 
1 

1 
3. 

3. 
89 C MULTIPLY A BY RMS(tAJ) 
90 . CALL MRYVtAA.RHSILJAIL5ViNT) ,1 
91 CALL EOUALV(RHS(1/J).,SVpNT) 
92 C 
93 C MULTIPLY ROW j BY F AND Sth.TPACT FROM ROW Ni 
94 C 1 
95 DO 95 121,NT 1 

1 
97 00 94 L=1/NT 1 
98 AF(I,K)*AF(I,K)...E(I,L)*B(L,Kjj) 3. 
99 94 G(..11$)=G(10K).,.E.(IA11*_CCtagi4J_  1 

100 RHS(I,N1)=PHSCI,N1/IRECIAKI*RNSCK;j) 1 

CALL MPLYM (Ao8(14,J),WiNT) 
83 CALL EQUAL (Btlalij.),5MoNT). • 
84 C 
85 C MULTIPLY A BY C 
86 CALL MPLYM (ApC(141,J),, SMoNT) 
.87 CALL EQUAL_ (C11,1/A.04.5NNT) 
88 C 



A FORTRAN IV (VER L39) SOURCE LISTIN01 COMP SUBROUTINE 05/01/73 PA0 

/ 
1 
1 

1.  
1 
1 

1 
1. 

 
1 

1 

1 
1 
1 

101 
102 
103 
104 
105 
106 
107 110 
108 
109 
10 120 
111 
112 

114 C 
115 C 
136_150 
117 C 
118 C 
119 
120  

Do 110 I=1,NT 
RHS(III12)=RHIiI,N2)1AMAII;J) 
DO 120 1!11-0147 
00 120 K,10T 
AL( 1, K) :AL 
Do 130 I=1ANT 
DO 130 KallANT 
Pl(1,10114MITAIOTC1124i14) 

CONTINUE 

RETURN 
END 

95 CONTINa 
C 
C 
C RaW___J__BY. LAND_ sUATRAtT _FIALM__Raw N2_ 
C 



4 
5 
6 
7 
R 
9 

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

A FORTRAN IV (VEP L3R) SOURCE LISTINGI 05/01/73 PAGE 

1 U.O.ROVT E_ _S S_T_ /Z..1 
2C 
3 COMMON / X(15,20),V(20):,XL(20),Ut20)414(20), 

-1. .12,014-1-10.2014-01-1Z04-TA (1.642.0./____ 
2 HF(20);PP(20);QGADIST 
COMMON /CONTRL/ NC$NTALD00010,NTM1,KTOP, 

NZAIN11, 4314T20. 

1! 

COAMON /DATA/ WK(1,540)01(43.5a20),Hkivti5020),----------1 
1 H1.015;204DHVI15,20)4DHL(154.20i 

._2__ K.11.511.01._ 
b-N1 A(20,20,8(20,20,153,0(20,2o,15), 

1 
1 

1 E(20,20),AF(26,20), 1 
1 

2 G(2bi2el),At;(2-6/203,04(2o,20) 1 
1 

REAL. SM ;OA 20 / ... _ 
1 

EQUIVALENCE ISM(1,1)sSV(1)) 1 

INVERT AF 1 
L=O 1 
DO 10 to=4.t\iT 1 
DO 10 M51,NT 1 
LalL+1 1 
SV(L)=AF (M,N) _ 3. 
CALL MINV (SV,NTADETRNAF11,1)*AF(1,2)) 1. 
LEO 3. 
Dn 20 
DO 20 Mwl,NT 1 
L=L+1 3. 
AF.(M?N)=SV(L) _1 

29 
30 
31 20 
32 C 
33 C MULTIPLY G AND R4S(.041.) BY AF INVERSE 
34 SALLAELY.11 FALAS114 NT) 
35 CALL EQUAL (G,SMJN7) 
36 CALL MPLYV (AF,RMS(1.01),SVANT) 
37 CALL EQUALV (RHS(1AN1),SV-07) 
38 C 
39 C MULTIPLY G AND RNSIsoNI) tY AL AND SUBTRACT 
40 C FROM AM_AND KEI§Iftslal Rf$JIECTLY_W 
41 CALL MPLYM (AL,G,SM,NT) 
42 CALL MPLYV (ALARNS(1,N1),SV)NT) 
43 pn 40 12,1,NT 
44 DO 30 J=1ANT 
45 30 AMCI,J)=AW(laJ)...SM(Io4) 
46 40 
47 C 
4R C INVERT AM 
49 _L!0 
50 DO 50 NifliNT 

3. 
1 
1 
1 
1 

1 

1 

1 
1 

._.__ 
1. 



A FORTRAN IV (VER L38) SOURCE LISTINGS SUBST SUBROUTINE 05/01/7 POI 

51 DO 50 MuIPNT  
52 L=L+1 . 14 
53 50 SV(L)=AM(MaN) 11 

. 54 .c..A 1.,,.L. .111.N V .J.S.M.t_ND_D_E_Iii_M_LAhlionA_A,M111.2/1._______________________________________________ ...... .1..! 
55 L=0 
56 DO 60 NulANT 
57 DO 60 Mul2h1 
58 L=L+1 
59 60 AM(MaN)=SV(L) 

  

 

61 C MULTIPLY RHS(—,N2) BY AM INVERSE 
62 CALL MPLYV (AMARHS(1.042),SViNT) 
63 C4.1tEQUAI,M_IR4S11ANV'SY4NT). 
64C 
65 
66 

C MULTIPLY G BY RHS(..02) AND SOBSTRACT FROM RMS(1.,HI) 
_ALL  
DU 70 IsaiNT 67 1 

68 70 RHS(IoN1)=RNS(IsN1) ,PSVcI) 1. 
69 C 
70 C THE XIS AND DELTA L'S 1. 
71 C ARE CALCULATED BY BACK SUBSTITUTION 1 
72 DO 111 1=1,NT 
73 DO 111 K=1/NT 1 
74 111 RHS(I/N3)=RHS(IsN3)...4J(IJK)*RMS(KAN2) 1 
75 C __ 
76 DO 116 JulaNC 
77 DI) 116 1=11NT 
78. NT _K_TIJ 1 
79 RHS(1,J)=RHS(I,J)-8(1,K,J)*RHS(KiN1).4(I0KJJ)*RHS(K,N2) 1 
80 116 CONTINUE 1 
81 C 1 
82 C 1 
83 C 1 
84 RETURN 
85 END 1 



A FORTRAN IV (VER L3P) SOURCE LISTINGi MINV SUBROUTINE 05/01/73 FAG'  

1 SUBROUTINE .  MINVV1INLDAte) /ZS 11 
2 C 11 
3 C PURPOSE if 

L_4.....C_____. _____IFLV_ER,T_A__mATRIA_ 1.1 
5 C 11 
6 C USAGE 11 

__.1.__C..... ______CALL_MINVIA,NADAAM) _lf 
8 C 11 
9 C DESCRIPTION OF pAKAMETERS 11 

_LQ_ C A - 714.P UT _MATRIX/ 1/_S_TROY.E_D 1111__CIThiPuTATInit_AtiD REPIACED BY .IJ 
11 C RESULTANT INVERSE. 11 
12 C N - ORDER OF MATRIX A 11 
13 C V -  RESVITANT DETERMINANT  I. 
14 C L ,- WORK VECTOR OF LENGTH N 1 
15 C M , .WORK VECTOR PP LENGTH )1 j. 
16 c 1 
17 C kfArkkr--  ---- - - 1 
1R C MATRIX A MUST BE A GENERAL MATRIX 1 
19 C 1  
20 C SUBROUTINES AND FUNCT.WN sUBPROGRAms REQUIRED 1 
21 C NONE 1 
22 c 1 
23 C METHOD 1 
24 C THE STANDARD GAUSS.-.JORDAN METHOD IS USED. THE DETERMINANT 1 
25 C IS ALSO CALCULATED': A DETERMINANT OE ZERO ImDICATES THAT  1 
26 C THE MATRIX IS SINGULAR, 1. 
27 C I _ 
28 C •***** . 000000000 ...... , ........11.Afi.....1.wcp_th................1  
29 C 1 
30 DIMENSION A(1)001),M(1) 1 
11 C 1 
32 C   •........._ 

1 
.. .0 ...  

33 C 1 
34 C IF A DOUBLE PRECISION  .yERSION_Df THIS RoUTIREAS DESF.Eu, THE I 
35 C C IN COLUMN 1 SHOULD $F REMOVED FROM THE r)OUBLE PRECISION 1 
36 C STATEMENT WHICH FOLLOWS* 1 
37 C 1 
38 C DOUBLE PRECISION AADJBIGARHOLD 1 
39 C 1 
40 C THE .__E_ MuST _'._LSD  8E REmAylp FRinSOUBLE P-ECISION SIATEMOITS______I 
41 C APPEARING IN OTHERROUTINES USED IN CONJUNCTION WETH THOS 1 
42 C ROUTINE'. 1 
43 C 1 
44 C THE DOUBLE PRECISION VERSION r3F THIS SUBROUTINE MUST ALSO 1 
45 C CONTAIN DOUBLE PRECISIoN FORTRAN FUNCTIONS. Aas IN STATEMENT 1 
46 C 1.0 MUST1E CHANDED TO .D.Oi 
47 C 1 , 
48 C , , _ 3. 

49 C 1 
50 C SEARCH FOR LARGEST ELEMENT 1 



A FORTRAN TV (VER L38) SOURCE LISTING: MINV SUBROuTINE 05/01/73 PAGE 

51.0 a g r 
52 r)=.10 1- 
53 NK7.-N I" 

55 NK=NK+H 1- 
56 L(K)=K I* 
_57 Pill  
50 KKRNK+K  
59 8IGA=A(KK) 1' 
60 DO 20 01K,N. —1.  
61 IZIgN*(J-1) 1.  
62 DO 20 141K, 1.  
63  
64 10 IF( ABS(SIGA)m AilS(AtIJ)i) 1512020 V 
65 15 RIGAwA(1J) I' 
66 L(K)xI 1.  
67 M(K)=J 1 
68 20 CONTINUE 1 
69 C A 
70 C INTERCHANGE ROWS 1 
71 C 1 
72 jmiL(K) 1 

73 IF(J-K) 35,35,25 1. 
74 25 KI=K-41 1 
75 Do 30 _1._!: 1 p N i 
76 KIIWI+N 1 
77 HOL0q,,ACKI) 1 
78 _AII0c.1mY41,1 1 
79 A(KI)sA(JI) 1 
80 30 A(JI) =HOLD 1 
61 C 1 
82 C INTERCHANGE COLUMNS I 
83 C I 
84 35 tOLIKI . _1. 
85 IF(I-K) 45,45,38 1 
86 39 JPIPN*(1-1) 1 
87 AQ 
88 JK/INK+J 
89 JI=4P+j 

 

 

90 __ 11.01.011!Alaj _  
91 A(JK)mACJI) 1 
92 40 A(JI) HOLD I 
93 C 1 
94 C DIVIDE COLUMN BY. MINUS PIVOT 1VALUE OF PIVOT. ELEMENT IS 1 
95 C CONTAINED IN PIGA) 1 
96C . 

 
97 45 IF(BI A) 40,46,48 1 
98 46 D=0.0 1 
99 RETURN .... _ 1 
100 -48 00 55 1$10N 1 



A FORTRAN IV (VER L3.) SOURCE LisTimai MINV SUBROUTINE 05/01/73 PAGE  

IN ._... 7 F4.1_710 _5.045A50 /4) _1: 

50 110M101.1 102 V: 

109 ACTIOsA(.IK)/(BIOA) 17 

104 55 
105 C 1, 
106 C REDUCE MATRIX V 

.107 C , _1- 
108 DO 65 Iligl, 1' 

109 IK*NKril Y 

_110. UOLD5A(1.K.) V 

111 IJ:I—N V 

112 DO 65 J=1,r 1 

113 IJ=I44.m _ A' 
V 114 TF(IwK) 60,165,40 

115 60 IF(J.,K) 62;65,62 V 
116 62 K4=t0,14.1( 
117 ACIJ)3sHOLD*A(KJ)+A(IJ) 1 

118 65 CONTINUE 1 

11 C 1 
120 C DIVIDE ROW BY PIVOT 1 

121 C ). 
122 KJ=K.,,,N I 

123 uu 75 JaloN 1 
124 KJ=KJ+N 1 

125 IF(J—K1 70.,1111_70_ _A 
1 126 70 A(KJ)=A(KJi/BIGA 

127 75 CONTINUE. 1 
128 C A 
129  C PRODUCT OF PIVOTS 1 
130 C 1 
131 D=D*RIGA / 

132 C* 1 

133 C REPLACE PIVOT BY RECIPROCAL 1 
134 C 1 
135 —A(KK)111•0/81GA 1 

136 80 CONTINUE 1 
137 C _1 

FINAL ROW AND COLUMN INTERCHANGE 138 C 

139 C 1 
140 Kar 1 
141 100 Km(K-1) 1 
142 IF(K) 150,150,105 1 
143 105 ImL(K) 1 
144 IF(I—K) 120,120,1.08 1 
145 108 JCILIN*(K...1) 1 

_ 146. JR=N*( I-1) 
DO 110 JalsN 147 1 

148 4K=J0+,1 1 

149 _HOLO=A(JK) 1 
150 JIsJR+J 



A FORTRAN TV (VER L38) SOURCE LISTINGi MINV SUBROUTINE 05/01/73 PAGE 

51....___ALL   )=-1A1.41) /ZS- 1i 

152 110 4(JI) •=HOLD 
153 120 •J*M(K) 

11 
li 

_154 ___ _ __LEA -21c)_ _LOD.,_1110A 25_ 
155 125 KI=K-N 1; 
156 DO 130 I=1,N 

K 1414  _,157 .1=K 
1,  
1, 

158 HOLD=A(KI) 1 
159 JINKI,..1(+4 1 

160 _____ ___ ___, A .(.14.) amAIJL)__.,_ _ _ ..1. 
16/. 130 A(JI) =HOLD 1 
162 60 TO 100 1 
163 150 RETURN _1 
164 END 1 



A FORTRAN IV (VER 1.3) SOURCE LISTINGS 05/01/73 PAW 

/49. —if 
Lt 

11 COMMON /COEF/ CK(B,15),OCK(7,15),CHV(6,15), 1 
12 1 DCHV(5,15),CHL(6,15),DCHL(5,i15); 1 

.13 _ 2 _ PPA$11.C.D.DE.. --- -- 
14 C 1 
15 DO 22 Ic10HT 1 
16 1.1.1.TAAll —1 
17 SUms0.0 1 
18 HV(I)=0.0 1 
19 HL(1)mo R0 1 
20 U0 11 OB1,NC 1 
21 WK(J,I)PEQUA1TiCK(1,J)? 1 
_22__ ...__ ______pm.. a.• Ii 'LEO AlliDtKILOIL.... _ 1 
23 
24 
25 
26 11 

HVV(.1,1)=EOUA(TADHV(1,J)) 
DHVW,IfsEQUA(T,DCHV(1,J)) 
HLL(J,I)=EQUA(T,CHL(1)J)) 

1 
1 
J 

DHL(JA/)sEQUA(T,DCH011J1) 1 
27 IF(MCODE.E0,0) GO TO 19 1 
28 GO TO (A9t:141,_ MCDDE_ A 

1 29 14 PRATIOaPPA/PP(I) 
30 DO 17 J=1/NC 1 
31 WK Lip.; )=WK (4,1 )*P_RAT/0 _I _1 
32 DK(J,I)PDK(JaI)*FRATIO 1 
31 17 CONTINUE.  1 
34 19 D .  
35 Y(J•I)=WK(J,I)*X(J,I) 
36 SUmIRSUM0(.1,1) 
37 fiV.W.$10(1)tHVY(41)!.1 ) 
38 HOI/IPHLili4LL(Ji!):00J,I1 
39 21 CONTINUE 1 
40 MV(I)*OCII/SUM I 
41 22 CONTINUE 3 
42 C J 
43 ___ RETURN 1 
44 END 3 

_1_ ._ SUftROUTINE GET 
2 --e"

.. 
 

3 COMMON // 
4 . 1 
5 2 HF(20),PP(20)10,0IST 
6 COMMON /CONTRL/ NC, NT, LDOC, NIO, NTM1, KTOPs 

7 _L.__ 111.02_111 3,N3NA:iNT20. 
8 COMMON /DATA/ WKA154?0/4K(15,20410V.(19420), 
9 1 HIA415,Z0vitMv(15,20),0.141j15,201, 

10 2 • Y115 /1AL 

X(15,20),V(20),XL(20)0(20);W(20),, 11 
_cL(.2.91:03.Li201., 

1 



1 

A FORTRAN IV (VER 1:36) SOURCE LISTINGS 05/01/73 PAGE 

1 SUBROUTIN2 DTPUT /3 0 __If 

2 C 
3 C 
4 C....0WN___ ii 
5 1 Q(20),HL(20),HV(20),TA(24),E(16,20)a if 
6 2 HF(20),PP(20)AG,DIST 1' 

7 SQ_M_MC)N. ___LCI3N Mi. _ _NC p_ NT,J.___ 1.1)0c1...J1112/ _ATM ti____K LIP,  _IA 
8 1 NIsh2.0)3,1aN3-iNT20 i. 1 
9 COMMON /FFDATA/ NFANAMEF(346),NFTRAY(.6.14iF(i6,6),iX(15,6), 11  

10 + (LPN ( b_i_i _TY I 6ii_P F__S 6.1,  _.(10216_b___011161, t__' .1' F (6j 12 
11 COMMON /PROP/ CNAME(2,15),XmW(15),RM0(15) V 
12 COMMON /FIX/ EK(15,20)si(15)SXX(15,11),IAA(2-S9), 1. 
13 4, 111(2,9)*ICC(2.,p9),IDD(9),SUMM(11),S 1JMP(9), __1. 
14 5106(9), TEMP(9)e Q0S(9), NTT(9), Nmr(9), 1 
15 + SLOP(14557) 1 

16 COMMON /COEF/ CK(81.15/40Maki51.ACHVb6c15..LL__ • 1 
17 1 DCHV(5,15),CHC(6,15),PCML(5,15); 1 
1$1 2 PPAsMCODE 1 
19 C 1 
20 DATA NO0 1.6/ 1 
21 C 1 

22 INTEGER FLANK /' 0 /4   KaLLIIMOL.Stii _1 
23 4 FDNO(2) //FEED'',  NO 1/" TRNO(2) /'TRAY',' NO //s 1 
24 + COMB(2) /1COM1 1 ,11NED 16 FD(2) / 1  FE1,1 ED 1 /, 1 
25 + 1010_12 ) /, 0.V.E.F_!_i_1 HEAR! /.1.____ _OA) (_21____/ .!___EI Pie OD. 111_1 
26 4, VAP(2) /' VAP 1,1 0R 1 /, PROM) /1 PRO141DUCti/i 1 
27 + RTM(2) 0 ow 1 01TUS16 1 
2a + SSNOS2) /1___SLIA).A_I_L____ 
29 C 
30 C 
31 NBLK=0 
32 TA(1)PTA(1)+4BS(DTSUB) 
33 Do 10 NiAl,NT 

_34___ ___PRATIP110___ _. _ _ ___________ 
35 IF(Mc0oE.Eo.64-ariii -if 
36 GO TO ( RA6), MCODE 
17 .6_ PRATIP=P_PA/PPOJ 
3 8 $ 00 10 011,NC 1 
39 10 EK(J,N):EQUA(TA(N),C10. 1,JI)*PRATtO 1 

. 4.0. T A .11.1.E.T.A.W_ItA0 8$10-TSUB-1 
41 C 
42 WRITE (NnuT,201) 
43 201 FaRMAT (1H11/////10X 1  _PEED  ANDARODUCT_CAMPOSITIoNS 1i/ 1 
44 C 
45 ASSIGN 15 TO INDEX 
46 C 
47 11 K=0 
48 00 12 Ja1,9 

_450  SVMM(J)=0.0 0 
50 SOMP(J) 80,0 

I 
Atikklabil 2,01111.1.2.0 w  



A FORTRAN IV (VER L3;1) SOURCF LISTINi OTPUT SUBROUTINE 05/01/73 pAGI 

/ 3 / _.. 1.< .., 

52 QQS(J)P00 IS 
53 TEMP(J)10.0 V 

55 NTT(J)=BLANK V 

56 NNN(J)=8LANK V 

57...... 1.0D(4)!_MPLS _ ______15 

58 Do 12 111PNC V 
59 12 XX(I,J)010,0 1( 

61 DO 13 .1111,2 V 

62 DO 13 Ic1,9 1( 

63 IAA(...0)=BLANK ._____P 
64 1118(.101)!RBLANK 1' 
65 13 ICC(J,1):8CANK 1' 
60 C --1! 
67 G [1.-  TO INDEX,--   — -.( 15; 41;0 iiir 7 -6I 1(  

1.  
1 
1 
1' 

1 

3. 

1 

1 
1 
1 
1 

1 

1 
1 
1 

1 

68 C 
.69 C 
70 C 
71 

73 
74 
75 
76 
77 

_CAISALATE_ SEPARATE FEEDS 

15 DO 17 NiloNF 

LsNFTRAY(N) 
CALL ALNUM (L,NTT(K)) 
CALL ALNUM (N,NNN(K)) 
DO 16 11P1ANC 

16 XX(1,K)*IF(L0N) 
78 51-0"1400121FINUNL______ 
79 TEMP(K)=TTF(N) 
80 4C1S(K)F0QQ(N) 
81 DO 17 J=1,2 _ 
82 IAA(J,K)41FDNO(J) 
83 17 ICC(J,K):TRND(J) 
84 C 
85 C CALCULATE TOTAL FEED ..... ONLY IF MORE THAN ONE FEED 
86 C 
87 IF (NF EQ.1) GO TO 30 
88 K=K+1 
89 DO 19 Npl,NF 
90 50MMIKUNIJKItIUMBAIP___ 
91 O.Q.S(K)POS(K)+QQ5(N) 
92 DI) 19 I:1 1,NC 
93 19 XX(I,K)11XXCIPKI+XXIIAN? 
94 DO 20 J11102 
95 IAA(JiK)OCON8(d) 
96 
4f t----  

go ;08(41g#11)(4)_ 
- - 

98 C CALCULATE OVERHEAD DISTILLATE ***VAPOR*** 
99.. 0 
100 30 1-0-(/(1)•EQ*0.110) Du TD 39 

1 

1 



A FORTRAN IV (DER L38) SOURCE LISTINGi OTPUT SUBROUTINE 05/61/73 PAGE 

102 1(10104+1 
103 00 31 I=1,NC 
104 31 XX(Ifi_K)=X11.2.1..AEXIILLP!ILLL___ 
105 SUMM(K)xV(1) 
106 TEMP(K)*TA(1) 

______ROWISUMKIKJAHLA1) 
108 DO 32 J*1,2 
109 IAA(j,K)*OVHDO/ . 
110 aBBLI,10=VAP(4) 
111 32 ICC(JAK)=PROD(J) 
112 C 
113 C 
114 C CALCULATL DEST:EAMS 
115 C 
1.1.6 39 .100:0 
117 DO 58 M=2,oTn1 
118 C 
119 C *** LIQUID SIDEST)EAMS 
120 C 
121 IF (U(M).EQ0.0) GO TO 46 
_122 A.K.LLT.e.91-01...113 _41 
123 ASSIGN 41 TO INDEX 
124 GO TO 64 
125 41 KlgX4.1 
126 DO 44 /*1pNt 
127 44: XX(I,K)*U00*X(IPM) 
128 
129 QQS(K):11L(M)*U(M) 
130 DO 45 J311,2 

132 
133 C 
134_.._x_.  
135 C 
136 

GO TO 53 

*** VAPOR SIDESTREAMS *** 

46 IF (W(M),,E00.0) GO TO 58 
40. TO 41. _If_AKAIT.09) 

138 ASSIGN 47 TO INDEX 
139 GO TO 64 
140 47 KuK+1 
141 DO 49 ImliNC 
142 49 XX(1,10sX(1,11)*EK(1,04) 
143 SUMM(K)*WLMI 
144 HOQS(K)*WIMI*HV(M) 
145 DO 52 • 

.14.6.. 52 IBILLLAKIS.V.A.Pill 
147 C 
148 53 CALL ACNUM (N•1/NTT(K)? 
149 CALL AIN)M,JKX±2,,1!NN(K)) 
150 DO 54 4#1,2 

: 2 
2 
2 
2 
2 

2 



A FORTRAN IV (VER L38) SOURCE LISTING i OTPUT SUBROUTINE 05/01/73 PAGE 

151 _ IAA(JAK)aSSNOW_ / 3 .._.. zs 
152 54 ICC(J,K)=TKNO(J) 2( 

153 TEMP(K)*TA(M) 2( 
1_54 51 CONTLNUI_ 
155 C 2( 

156 C CALCULATE BUTTOMS 2( 

157 C 2( 

158 IF (KelT49) GO TO 61 2( 

159 ASSIW1 61 TO INDEX 2( 
160 GO TU 64 r 
161 61 K=K+1 2( 

16? DO 62 1=1,NC 2( 
163 .6Z X.MA_1(1°.X11.01)!XLINT) 2( 

164 7SUMM(K)0(L(NT) 2( 

•165 QQS(K)=SUMM(K)*HL(NT) 2( 
1_06 TEMP(K)IRTA(NTL 2S 
167 DO 63 J=1,2 2( 
168 IAA(J,K)=8TM(.1) 2( 

169 _63 _11111/.K.).F.MODLa)_ 2( 
170 ASSIGN 70 TO INDEX 2( 
171 C 2( 
172 t. PRINT__DUI_LA TA_ SIMMARY_  
173 C 2( 
174 64 NL=K 2( 
175 C  
176 WRITE (NOUT0111) ((lAA(NAK),Nx1,2)yriNN(K),011,NL) 21 

177 111 FORMAT (24)($27A4) 2' 
178 WRITE  tNOUT,112) (CIF(Ni10_,MfA/2)/14=1,NL) ill 
179 112 FORMAT (25Xs8(2A4s4X),2A4) 2' 
180 WRITE (NOUT,111) MCC(14;10,41111s2),NTT(K)AmIsNL) 2' 
181 WRITE (NOUT,113) (100(K)AmIsNL) 2. 

182 113 FORMAT (10X 1  COMPONENT 1  "%P44, 8(7,XsA4)) 2,  
183 DO 65 lalsNC 2 
184 65 WRITE  t NpUTA 1.21. ) ( COME ( KO );10,!1;2 ) ., ( X )(  ( 1;VA1.c.r_Lp_L\U:.L________________Z 
185 121 FORMAT ( 11X,2A4,1X,9F12.4 ) 2 
186 C 2 
187 WRITE (NDU7A123) (SU4M(K),K=1,NL). _2 

188 123 FORMAT (LOX.' TOTAL" 10(09P12.4 ) . 2 
189 DO 67 KulANL 2 
190 DO _6_6_1111.04r, . .. ___________ 
191 FACOX(I,K)*XMTi(i) 2 
192 SUMP(K)USUMP(K)+FAC 2 

_191 66 SUMG(1010SUMW)+RAWHO(1). _  
194 67 410S(X)*(4S41(1/10000 2 
195 WRITE (NOUTs124) (SUMP(K.);1044NLI. 2 
196 124 F OR MA T U1_01 I PtIUKQV__3.XJ1t.F_LZA.ZLJ___._________________________  
197 WRITE (NOUT,126) (SUMOK);Km1oNL) 2 
198 126 FORMAT (10X 0  GALLONS' 2Xs9F1292 ) 2 

_199 WRI TE ANOUT,..1281_0.545.0_14.K1_11,1141) ___ ..... 
200 128 FORMAT (/10X 1 Qs MBTUI 21(p9E1243 ) 2 



05/01/73 A FORTRAN IV O'ER L38) SOURCE CISTINGI oTPUT sUi3ROUTINE PA0 

201 WRI.T.E___IIIELULL1294,(TEMP.I.K.141.2441110_ /3 9 2. ( 
202 129 FORMAT t•/10X I TEMP, F1 2X0F1262 ) 2( 
203 C 2( 
2.04 . ..._11131.K.F.ht8 (Aid_ ....____Zr 
205 GO TO (69,68), WILK 2( 
206 C 2( 
297 6$ .wRIT.g....M.V.,•1311) _._._2C 
208 —136 FORMAT t 1  i 1  // ) 2( 
209 GO TO 11 2( 
210 C .._ _ _..._... _ _..2.( 
211 64 WRITE -(NOUT, 137 ) 2( 
21.2 137 FORMAT Mil) 2( 
213 PJBLK=0. . _. ..... .2C 
214 du TO 11 2( 
215 C 2( 
216 C . _...CALCIII.ATE_AND___PILINIT.O.U.7 T AV S UM:i.A.P Y  
217 C 2( 
218 70 WRITE (NOUT,140) 2( 
219 1.40 _FORMAT t . !..1 ! ...11X__JNE.T....14.9UIP f, Y A F OR .L.EAYIN.4_,E_Ac H.3_11  A.4_0 _././.. j_________2 
220 c 2( 
221 Nog4 2c 
222 ._ , P.0...:71 J.Fj',ASL. 
223 71 SUMM(J)=100.0 2( 
224 C 2( 
225 DO 98 Nul,NT 21 
226 K=N 21 
227 IF (NI.+NC+9.LT.58 ) 00 TO 73 21 
22.8_. ..._...w RITLANAVT..a1_401_________________ 

NI.g4 
___2J 

229 2 
230 C 2 
231 73 IF ( NA  EQ.M.T fi  AND. 00.i. NEAkal GO _TO _74 2 
232 WRITE (NOUTr143) KJTA(N)aPPCN) Z. 
233 143 FORMAT(6X 0  TRAY NO 1 I405X 1 TEMP.O.F! Ftii2,5X )RRESS,PSIA1 F84.24 2 

.234 ____. _GO_ TO_Te. 2 
235 74 WRITE (NOUT,144) TA(N),PP(N) 2 
236 144 FORMAT(6X1 REBOILER' 8X 1TEMP,F 1  F8.2,5X .1PRESS*PSIAI F8,2 ) 2 
237 C 2 
238 76 WRITE (NDUT,149) 2 
239 149 FORMAT ( 23X 7(1. 1 )41/VAPOR1 7(' r1)$$X 121./.., 4)0)CIWIDI 12( 1  -1 )2 
24P__ 443X I NO_ COMP! LOX ImOLSI 31LILBILIX_IDADLit 6.X_I1 t V qx IlL0,s,  ? 

241 7X 'LDS' 6X 'GALS' 6X 'MoL%' 7X 1147%1 5X 'VOW 7X /K.,DATA 1  ) 2 
242 DO 77 J=1,7 2 
_743 _77 5.V.M.M(41.111(10 -- 2 
244 SUMM(3)410().0 2 
245 SUMM(4)111100.0 2 

2 
247 SHV=0.0 2 
248 SUMV=0.0 
_449 _ 
250 DO 78 4*1,11 



05/01/73 PAGE 

2! 
21 

2: 
2: 

. a: 
.2 

2 
2 

2 
2 

2 
2 
2 

A FORTRAN IV (VER L38) SOURCE LISTINGS OTPUT SU8ROuTIME 

251 7XX(JA4).7.02.0 
252 C 
253 DO 79 /121,MC 
254 WA :II( il_ttlisill. 
255 79 SumV=SUMV+2(I) 
256 IF (V(N).EP.0.0) GO TO 85 
257 FAC=V(N)/SuMV 
258 Du 81 I:1,NC 
259 XX(41)PZ(I)*F4C 
260 _____)AU_Latsal_11_112.00114_11.1_. 
261 SUMM(1)aSUMM(1)+XX(Ia1! 
262 81 SUmM(2)=SUmM(2)+xx(Is2) 
263 _FACI119.0•USURMIll 
264 F801100,0/3UMMI2) 
265 00 83 1241,NC 
266 XXCIA3y:XX(.11.1AAFIC_ 
267 83 Xx(I,4)=xx(I,2)*FBC 
26t c 
269 85 pri ...87_1=1ANC 
270 XX(I,5)4(0,N)*Xt(N) 
271 Xx(I,6)!XX(I,5)*XMW(1) 2 

272._ ____XXILMAYAiLtbiLR10111_ 2 
273 SUmM(5)=5UmMI5I+Xxtip5) 2 

274 SUMM(6)aSUMM(6)+XX(I,6) 2 

275 SUMM(7)SUMM(7)0(X11011 2 

276 87 XX(1,11)fEK(1.04) 2 

277 FACK100110/SUMM15) 2 

278_ ________FRIADD_OISIMIgh ) • 2 
279 FCC111000/SUMM(7) 2 

280 DO 88 I=1,MC 2 

281 Xx(I,8)sxX(I,5)*FAc 2 
282 xx(1,9)=XXIIA6)*F8C 2 

283 88 XX(1,1(1)=XXII/7)*FCC 2 

284 C 2 

285 WRITE (NLIUT,152) (1,(CNAME(KibaK31,2),(Xx(IsK),1011,11),E=1,NC) 2 

286 152 FORmAT(3X,13,2X,2A4,F11.3.1;Flo.1,2F10.4,F12,3,2F10,1,3F10,4AF12'5) 2 
287 WRITE (N0uTp_151) A3PmM(K).AKF1410, 2 

288 153 FORMAT (SX 4 TOTAL/ ax F10opF10*.1s2F10.4:, F121,3,2F10.1,3F10.4 ) 2 
289 2 VmW120.0 
290 IF (v(N)ILEILOADI GD_IP %I :i 
291 VMW=SUMM(2)/SUMM(1) 2 
292 SHVIINV(N)*V(N)  

293 91 X4m04.11MmiAAMPIM(54_ i 
294 ZDEN14SPMR(6)/SUMM(7) 1 
295 SHOWL(M)*XL(N)  
296 WR I TE ___(_Nraite 1.611 -ViiiitS_HIbiallitaialslati E.  
297 161 FORMAT ( lo ,  9X IvAPOR MW x/ F70,05X 'VAPOR ENTHALPY =1 F11.0,1  BT; 

298 +US' / 9X 'LIQUID MW =t F7.3,5X 'LIQUID LB/GAL st F7.3,5X 'LIQUID E; 
299 OTHALRY !c. f..  E11101 BTUs ,  / )  
300 C  



A FORTRAN IV (VER L38) SOURCE EISTINGi OTPUT SUBROUTINE 05/01/73 PAGE 

20.1__ _9iL.N.L.LtiLt..92t A. /1g _2j 

302 6- 21 
303 RETURN 21 
304 E.ND 2) 



A FORTRAN IV (VER L38) SOURCE LISTING: ALNUM SUBROUTINE 05/01/73 PAGI 

‘Y.2 

THIS SUBROUTINE DEVELOPS INTEGER EQUIVALENTS OF NUMBERS 
. FR_Ot4 
NN = NUMBER TO BE CONVERTED. MM = INTEGER EQUIVALENT. 

IF(NN".9) is 14 _2 

2: 
2: 

2: 

2: 
2] 

NUMBER IS 9 OR. LESS. 2) 

MM=..268435456+NN*16777216 21 
RETURN 2) 

21 
NUMBER. IS BETWEEN 10 AND 990. INCLuslvE. 2) 

2: 
maNN/Io 
L=NN-4*10 2: 
MM=-252690368+M*16777216+L*65536 2: 
RETURN 2. 

2: 
END 2: 

2 t • 
3 C 

5 C 
6 C 
7 
8 C 
9 C 

11 1 
12 
13 C 
14 C 
15 

.16 2 
17 
18 
19 
20 C 
21 

SI,LBROUT I 14E ALNUM ( MM) 



APPENDIX III  

138 



FopTRAN IV (vER L 
04/10/73) s.uRc LisTim„;: PAGE 

1 T.,RAGRAF: Afsssl. /3? 000. 

3 C 
0004! ...,........ „_....... .. __ 

5 C  

6 REAL A(20) 
 

 Iti 

C 00091  
0010' 

11 100 F9p.mAT (20A4) 0011 

12 oRITE ((,,1(.)2) A 001 

14 CALL IPUT (&4) 

15 CALL INR (0,00) 
TioT4 
0013 

---------  
oo0 

__ 4. CALL CrifiT -401n 
17 Go Pi 1,0 0017 

18 c oots 

.J.9...............E  AITE _.(1'.4.1'.4.) 
o019 ___________. 

,n4 FORMAT (/////10X 1PROBLE FLUSHED1 /10X 'PROCEEDING Iii  NEXT  PRQBLEM.7c 

i? ." 1'////n Wa 

.2.2._t_ , __ 0022 

23 i. REAW (5,1r.e40.4(499) A.(1) 0023 

24 IF (A(1),E,ZE140) c.,0 TU 2 0024 

5 ....__.. 5Q P .I. 1). .. ..._ 005 

6 -t-- 00Z6 

27 -W./ 'i* 1 TE (6,1.-:'t10 0021 

. as_ _1._o_fi_pr.. : T
- 
. 1__1 ]...0 002$ 

2-4 511WC.; :5 

10 EW) 
 

00?C 



FORTRAN Iv (VE,7 sruRe GEm sof3RuuTINE 04/10/15 PAGE 

/1/0 S 0o31( 

2 C .7701M 

3 COOMO /1 X(2C,100)f V(100)i XL(100), O(1.00),0 W(1C0), .0033f 

4 _l_. 01 )4' 1.01.042;)." HV(1.0.0)  TA(1.1)0)$ F( 2121..0?___OLO3kf 

6 CVMI.P1 /CtYITRL, NC, NT,  L. NI O, NT!1141 '<TOP, 0036 
0035(( 5 2 HF(100),  PP(10).,  vi.),  DIST 

7 M1.9 N2 A  Ml!,, 149143 003T 

:C0 1:31-41_9 

._.._, 
6 (Ai T P41TA1/ IV, EKTA:ii(8,20),KM T $ 

:j 
9 1 PA, PK($), KCODE 0 

...  
11 PEAL E(1) 00//1( 

fi c 
Do0BLE inEcisioN xx 

0043,: 
ooiia( 

14 1 IF (NK,GT,2) GO TO 3 0044 

Jo 0045i 
(ka 

1 
 Til 9 00445t 

17 00 6 012,N„. 0047i 

18 IF (T.LT,TIAL)) r".4:1 Til 7 004:i! 

19 6 coNTlime 0O49,  

20 
21 7 J*L-1 

Lei,* 00 
___ 

0051.  

22 9 =+ _1 052 ___ F__ J__ 
23 C 

grg 24 10 XX=(1,0/(T+460,0)-10/(Tv(J)+460A)) / 
25 _________I__. c.l_f0/(Tv.(K)+46.2so)-1t1.1/(TK(J)+460,0)1 0055 

14 011:DEXF1EKTABL(J1j)+ceITABL(K.0).,EKTAL(4.0))*XX) 88;5 Do 14 isipf4 

2F, C ___Ag_!.s. 
29 IF(KC2UF,E,0) (°GLTO 41 

INZ1) 30 31 6O TO (41,32), KCQi?E 

11._____32..FkAitU!RALePAA,_ 0Q61 
006-2 32 00 33 /1610NC 

33 33 E(7)=E(I)TICI 0063 
0064 

35 4] P.ETURN 
36 0066 



LISTIN(.:: -,CiEN StPRIIUTINE 

(TanoZL)._ 

NC, Ni, 1.:..',0C., NIDA %TH1, KTOPi 
Na.p..  ti2 j... rt.,1_,,, NI .3tki...z.„.  

04/10/73 PAGE 

- 
/V/ 

7

00(,7 

  -6046  
,.. ,. _POP 

NA, HLTAt:10':3,20), HVTABl(e,20)p T'(3), P-i4( .8) 0071 

0072 
0073 

O075 ' 
1.9.747. 
0077 
0078 

WTRAN V! (VER. 1,-.0 SnURC 

1 5UR?t-IIIi-E: '1L/EN 

'..4. COMMON rrINTRL 
2 C 

V 5 CMCIM /14kTA2/ 
6 C 

6 C 
IF (kHoGT4,2) GO Ti] 

It --4-----..--  Go Trj k4 
12 1 Dn 6 L=2,11 

1-4.) It 7 
14 6 CONTINOE 
II  
.1.6_ .......... 7_..J..=L1,r1.... . ...._ . ....9.08.2 
17 i'=J+1 0083 

18 C 0(Y4 

19_______2...Mm(T-T.!4J4))/(THJI4a-TH(.4)) 00e5 
20 on in holl A Nc 0016 
21 zV(N)=HVTA4(JAN)+CHVTABLAK/i0.....HVTAW,W4))*XX 0087 

71.0._)=HLTAaL(4/.N)+OLTA014K,N)-HLT4BL(JpN))*x% 000 
23 C ovr-,  
24 cF"ru;&N 009C 
15._ END 0091 

0079 
QOLO 
00R1 



FORTRAN -v 

Eili;..  

ivCER

TU.P 

LA':1 $IJRCE IlsTINC 

I 

, i E00A FT4CTION 04/10/73 ,AGE 

2 C 
C

9  
3 C THIs FITIIY.:i EVAL!,ATES .A SET OF PaLYNnM1NAL CDEFFTCIENTS B  Y 0094 

.4._ .C. ..NESIEV_EXPANSIDN...p.,....— A.S.. cif NERATE..a. a V FMPCTION FIT IT ... 0_095 
5 C 0096 
6 C ' = is.d.) + A1*X + 42*X 4-  + A(l*xxe4gm 0097 

0096 
6 C 2 C ( i ) ---- 009.  
9 C 0100 

.1.0_.C......... .. ..40... F ...C_.4..2..)_......._._._....._........_ _____O 1.`-`.1. 
11 C Ai a C(3) 6102 
12 C 11, = C(4) 

4 0 1. U 3 

14 C R.16  
Se 6 **pp 0105 

15 C Ar: gg C V1 +2.) 01(1)6 
_10 C _ ..0jr:1 
17 kV. C ( 1) . 01‘8 

C 
e91 m _F....CIA) .....________. 0110 

01Q9 

20 Y = c(h+2) --Urii 
21 mm 6  M+2 0112 
22.. .-0 1 .1 =

- .
1“. 011'3 

23 141411,;114-- -7 -0114-  
24 Yay*x.oc omj

) 0115 
25 1 C0i,!TINt.! 0116  

0-11-7 
011 
0119 

26 —EQUA a -Y- 
27 4,FTURw 
28 tilf) 



7C 
8 C Li-t = LOC, Ti....A]l$FORMATION CcIDE 1 s Y V$, X  

9 C 2 2  LN Y "S 

....L. 

X 

v 
11 C 4 = LN y v, CN x 

12 C 
C A = INTERCEPT CODE ZERU = INTERCFPT = 0.0 

14 C NONZERO m  INTERCEPT CALCOLATED 
15 C 

D(  •7.) A S ( 7 ) 4; X Y ( 7,  7 ) 

SET CCr.iTOLS AND ZERS k,n XV. 

01281  
01291 
01301 
01311  
01321  
0133; 
• 01341 
01,15 

61736, 
00-P 

FORTRAN Ti (VE L3) SfluRCE 11STINK,i EITIT FU ' 04 / 10/73NCTION PAr''E 

1 FoNcTI FITIT ( X, VA Pc:). i'1,94,A CA 0, A ) i,e3 0120 
• 

3 C

• -0717,T 2 C 
iIi.„. PIT PLLvMDMIAL OF OPDER MAX ( MAX .LT„ 7 ,' To NO v$, X 0ATA0122' 

4... 0 POINTS SliPPLIED 44 ARRAYS Y AND xp COEFFICIENTS RETURN.0 IN ARRAY 01Z3,  

3 C TN F1-4..'. 'FiDED V FJiNCT/TITITChe P41.40740 601Atiif7173F-XTZETINtjr,iiii;t 

6 C r,  AS FITTT, 0125. 
cl,:q,. 

_.....___ 01'38; 
00114I 

01.41i 
0142 
0143 
 01.44 

. 0145 

g1:7 
29 C FUR EAC;-.  DAT!MA HnvE y i!k• X To :(1) 00 D(2), GET LS IF NEEDED (51-4e 

30 C Ao!-; PO'-U.S OF X, 0D AcCIULATE. SUMS, SQUARES, AND cRnss PP,00ucTs 0149 
31.. C IN S ANO XY, _ 0.150 

32 C .0151 

33 PO 80 K =1. N 015.2 
0153 

35 D(2) 2  )610 0154 
36 GO Tn ( 50, 20.1 40, 30 ). L 0155 
37 20 P(1) = AL0c,  ( NI) )   0156 

30 '(1) 2  AOC,  ( D(1) ) 81
57 
5$ 

A8 Go TO ,50 

40 40 0(2) = Al,r,IGA_ DC21 L _Plt5. 
41 5:.) 00 60 1 :3, M   01e 

42 60 :'(!) = D(2) ' 0(T •. 1) 0161 
43 PO 70 1 = lfr 44 014.2 
44 S(I or $0) + 0(1) 0163 
45 Do 70 J  r. 1,, M 0 

13 •Xi(I, J) + D(T) * p(J1 
47 8o C0!.1 T-InE 0166 
48 C  

  
0167 

49 C CET REIACEP: SVARES AND CPflS$ PR DUCTS IF A NONZERO 4ND FOLD XY 0168 

50 C OVER. 0169 

-19-C 
20 N NO 
21 = ( MAX 1, H, 7) 

= Q ( 4 Pktt x0 C. a, 
23 7. is 
24 10 I =1, M 
25 1 
26 r.)11 10 r. 
27 10 XY(/, o.o 
_2P _(. 



FORTRAN TV (vER 1.13) seuRu LIiTINg FITIT FuhtvioN 

52 IF ( A ,E0, 0,0 ) !A.) T14 110 

53 -:'a 100 I g  1' " 
34_ _ . .:;..... SII.L.L.L..._ 

55 011 90 J a I, M 
56 90 XY(I, J = re(1, J) — Q * :)(J) 

_57 ___.1.0.P__.511.) gr_14 

5e 110 X1  120 J ' 1,  M 
59 7,n 120 1 s j, 

 m 

..60_12.o_4y11,_J)...m_xl.J.,  I). - 
61 C 
62 C SOLVE RECRESSION MATIX AAP GET STANDARD 

.. _ 
64 DO 160 I = 2., 1 

65 M XY(I4' 1) 

_66 XY(1, I) = la 
67 00 130 J = lA M 
68 130 XY(I, J) = MI, J) / Q 

70 IF I s  .0>.. I ) G2 Tfi 150 
i"8 9 _____ __IA _150 !.4.,._.F. 1, m 

71 i:1 ' XY(KP 1 ) 
._71Z NelK.P ii.  M CLIO 

0191( 

73 M 140 J = 1, m 01)2( 

77 0a MAX0 ( i'., • Mi 1 ) 

rie
j
.lf99__5;: 

0196' 

74 140 XV(KA J) = XY(K, j) , )(Yu, J) * Q 

.1.5. _ ___15.0..2Xj...UF._....._. - 
76 160 CMATINUE 

78 ._1. TIT =. ST ..0 kiAZI _c__X.Y.__f 4 Li. ..9,!_ .9J! 1:'. ) ) 

79 C 
80 C 

C _ 
8 
83 
84 
85 

86 
87 
88 RETURN 

_  

EN1: 

02 

90 O 
r,]A

02':9
89 C 

s  

STORE CUFFFICAENTS 

C(1) A — 

IA C ARRAY, 

C(2)  = 0.0 
DO 170 .1 = 2, M  
SO) = $(1) - SO) 44  )(T(Y) 1, 

170 M. t 1) m XY(I, 1) 
IF ( A ,LE -. 0.0 ) c(2) = 01) 

04/10/73 PA0E ( 

MY 0170 
0171r. 

0172'.  

0174( 
0175', 

DA761  
0177( 
0178( 

011“)i, 

DEVIATIrlq OF V.  

01$3( 
014(  
015i 

- - — — 01 
01.0'( 

0197 

0199 

020 
021, 
0.202 
02G3 

02U5 



04/10/7 PAGE 

/5/f•  0210 
----bift' 
0212. 

. ... 9...21.1! . ....... .. ........ . , 

___7 

A 

0216,  

5 C !,, sCoPkENT VALUE 1JF DEpoE0T vARIA(3LE 021i 

6 C A's1S swESIRE VALUE r?F DEPuTEsiT VARIAM.E 021:5 

8  C ST;IRT=Cjk
_F_To1F-RA

EhT VALUE 5E INDEoENT VARIARLE..A ETTER VALVE RETORNE00217.  
9 C srlP I.L,WIT oF T9DEFENDENT v4RTA3L7.-:, ANSfe4ER fiETwEEN START ANb STOP, 021$( 

0
0
27, 

 22! 

0 
 C  n2Z3 
C ON EXIT wAv4 15: 6274 

jilj_ ..r .FaR t.IrT c,j,'NERGE,0 RErET cALcuLATIsm WITH ,,iv,,1 VACUE Its_START.L. 0225 

17 C (.] FrA C.-,01E1  lh LLIITS ':!12, .. 0 TPIALS TAKEN. 0226! 

la C + Fi,k Ci,,,(JT C6,,,/ RGE, START '..•ILL F.E ITS INITIAL J'A.uE 0R. STOP, 0227( 
al.?... C.  ___ AtIgJFVO:P__IVS.LESSER_FRRPEJ.OR ITS INITTAL VALUE IF LEVEL 022.8 

20 C IS NEc,ATI-VE, C229( 

21 C 02:30( 

22 DIMENW2H Y1(1W213),Y1k3),Y2(31,KOUNT(3) 
------------- 

o23lt 

23 C 
gEi,  24 !)ATA KOA,4T/ 3*U / 

_.C.._ _...._ .__._____. ___ ..... ... 02:14( 

26 C SET x'Y & LEVEL 0235' 
27 X=START 0236( 

...2.8_ _........ .Y.s.A.31.S.!.FA  

.31 C (ii22:  

29 i=lAe.S(LIE.ViA) 
30 wAYA=1,0 2 91 

32 C SEE IF (*..iNVERC,E.- 0241( 

33 C 0242,  

. _34_ _ .. _______1F41414Y4.....L.E., 12!:02 
0244 .5 C 

36 C w.1T CY0AvERGED. SEE wH1CP CALL, 0245' 
0.2.46' 

3R IF(KoVNT(L)) 60)30410 0247-,  

39 c 0246.  
40 C SECDD ,:44  II (ALL, (ALL:0_ SEE IF 1111) yl(L) iiRACwEl ANSwER, 024,9 
41 C 020' 
42 10 IF(Y01(L) .LT. ''.. ) Grj '1- 2.', 02511 

_ 
44 ( ..; Y.-..;Ti :7-ACKT. :E. '' 6.ND t:L,i, HIGHER CACL. 0253' 
45 C 
4h 

47 C 
46 C 
49 C 
50 

0254 
(KQUj4T(A,..) •GT., 1) (-40 T.- 30 0255 

02;:' 6  
isRACKET AT ALL. REwon AI $TAPT IF THAT LIMIT IS CLLISER 1R IFo2,57 

LEVEL IS MINUS 02.5s,  
0259 

FDRTRP4 I" ("ER L1:1) S')URCF LI5T4 ,AYA FIJCTION 

TP1i31.5.I.WEVF L ,  FUd:TluN  Wr  .1,44AAPIJ.S.A_TEILI§1 
2 C • • 
3 C ROUTINE TO COH.JERGE ON ST; LUED FUNCTION 

MQLT LEvEl_ 
11 C 
12 C 4,Y4 wILL Vio.A STAP.T F1ETwEE ITS IATIAL VALUE AND STOP UNTIL 



FORTRAN Iv (vEF La!;.) snocF ,:AYA FuNcTIDN 04/10/7'2, rArE 

irj_ 8 0 __ 
52 X eX1(1.) 

ROUNT(L -1 
.. 111.. 6!) 

55 C 
56 C y-yl F RACKET, STC-WE X €: y IN x2(1) AND v2(L) 

5P 20 x2 11. /uX 
59 Y2(1.):of 

_... . .G.0. _Tp.....4D. 
61, C 
62 C Fri-ST CALL U( CO!1 lErGrqr; V.Y2 BRACKET CALL, STORE X F, V IN X1 0271! 

64 C 0273. 
65 3'.) Xl(L)=X 0274', 

.66 '7111,17.Y. 02751- 
67 yr-STOP . j276t 
68 Jp(K*T(l.)*Q., G3 TO 50 

.119 c 
0277 

70 C U., TERuLATE NE4 X AND CEINTFNUg DR QUIT DEPEMCING ON KOLWT(L), (479 
71 C 02*Oi. 
72 . .... .41.1.. . _.X =1.X.M.P4 (.3,!kY..210.1".Y.Laii.±..X.2111.4!_tY2 ( L ) "3._•..*YV.L.W.1 (4,.*01.2..0.1.f_taLUILU 
73 1.)) 022( 
74 IF ( ‹CiuNT(L) • GE. ?3) GO T!..3 10 

00234 :75 ._____30 .....K 0 ciN (1,1 FiMilT1 L1+1 _____  
76 6 0.--  w A 4= 1 • 0 02743C 
77 GO TC 50 0286 
78 C 0217( 
79 C — 651,1VEActCtitik —fttiTT4T\III fi'TKI:§.  . -  
80 C 

- - — ------0-F"C 

el 70 wAYA=0,0 
0269; 
0290(_ 

82 ti 0 Koi_ip4 T (I ) =0  762-31-fi 
83 C 0292' 

____ ..... . 84 C . I±!:.14 4ALIJ.E_ OF 191)V EDENT :JAR! ABLE, 02';':3! 
85 C 
86 90 START=X 
$7 RETURI•1 

Or-4. 
0295 
02;6- 

80 C 0297 
89 END 02c38 

k,) 41c. W. 

0263( 
0264( 
02.65t 

0267t 

9. 
02,701 



FnRTRAN IV (vE. 1..3 .10 SO)RCF LASTINGi PAGE 04/1cd7:11 

__I_________51!Li!„/_TE...1•1'!•.;R.1.T.E /y7  02,,,9 
2 C .. 030
3 CrWMW.: // X(20,VAI; V(100), XL(100), U(100), W(100), 031; 

....4 • ........i.. _ . ... _ ...Q11.0.01". fiL1106./p. HY ( 1Q•.0. ) A TA_( 1,;A ),___f(2.1,.0.1.0 )._.0._ ._. p.sp 2! 

5 2 H(10), "(160)1  Qf'''' DIST 03.1.5 
6 ' CoH,;!:.N /cLNIRL/ NC, NT, L1QC, ?I11, NT'-',  A KTnI), 

8 . CohmoN /pROP/ CNAFE(2,2)A XMW(20), RHO(20)  II 
9 CORmON /FIX/ SPACE(4845), AX(100) n-li 

1.....g_c... 
91 11 4RITE (61,101)(v(J),J=1,MT) 
0+ 12 CALCULATE' cALCULAT viliHL :ATEs 0 /10(9X,10F11 3/)) 

r33r:i;
.

_

Ei ,  

_13________ZRITE.1.6_,.E.2.).....I.4.0,1)A4.2-1) 0311f 
14 102 FORMAT 1Y‘,26HUIRKESPLwIrG LIQJI0 RATES/1-,(5( 9x/ "icFil J7) ) -- ---53121 

• •"` •  
15 WRITE (6,) (TA(J)1J=1,7) • 03131 

AA.. .1.91_EgamAT.A.A....c.ALc.AAT E L)  _ 
17 C 0315. 
18 C N$1, NUWiEP :IF autcKs uF lo nR PART THERuir 03161 
_19.0 N.PP NUM131? OF LV.1ES ALREADY PP:It:TEO 
20 KN=0 

21 

23 

Kmr.1.,1" 

00121: NpPm(74-3)+0.48,L*3)+(mc+b) 

0i 24 C 322  
 0323: 

0324f 
0325 
0326( 
0327( 

::::: 
0329( 

0331( 
0332( 
0333(. 
0334( 

Ilzi. 

03.35( 

9356( 

- — 0a39 

---9141A 
0342( 

(°)::: 
03C51 

0346( 
0347 

20. 
_2 . . 2_ I_F___Aw,44 .1.1F .10 _T ) GO r; 6 

-Km0.1101.KN 
27 L=KN...9 

KMA10,19 
29 KE=KN 
30 GO Tr) 10 
31 6 !g.,i 7.KM+K ..\1 
32 L=KN..404!+1 
33 Kmx0 
34 KEmto 
35 10 LE=L 
36 C 
37 '.4RITE(611) (J,J=LEAKE) 

FQRMAT ( I 0LIWID CoMPOSITION$, HOL FRACTIOS 0 / 0 TRAY 115
+ 9 / 11) 

0 

40 F,--)O .12 InIAHC 

42 
41 
42 

12 '14 /TE/60116) (CrOME(KPIWItIg2),(X(I,J),JaL,KN) 
116 FOR1•IAT (2X,2A01X,10F11 4,) 

-a-  
_Al_45.....ALF.ILAKIK.__ ...... ___ ._...._______.._._._.__...___-----.._..._..____._._._— 
AX(J)0 

45 0 15 I=1,NC 

47 WRITE (6,12() (AXOT,J=L A KJI) 
4F 126 FirmAT( 1 TOTAL 1 loFi le e.) 
49 IF (K,l,-) GO TO 31 
50 IF ( 57-' P --  C"5 ) 22'22'23  



FoRTRAN IV (liF 1,3) soRcE LI5TINfA lwRITE sUP.ROUTINE 04/10/73 PAGE 

51 _22_11501E1.0J..15Zfr /.___ _ _ /yr 034g, 
52 154 FOPMAT (1H1) 

_ ..._ . .. .__71.)71_
,, 

 

53 NPPa0 03511 

54. ... _21ATIN&WA'.A.11.C.4..... 121112.1. 
55 (.70 TU 2 0353! 
56 C PRINT rEPOILFR DUTY 0354,  

5f$ C 03561 

59 31 ONTEAaSt.1(1)) 0357' 
.60_... ..........._ _WRITE__ tb,p.220)..._Q.NT_ 0356' 
61 220 rr,MAT(//1X,19HREBDI L ER r JTyl BTUS' F16111/) 0359. 

62 kETURN 0360 
63 EN) 0361. 



_22..0 
23 
24 
25 
26 
27 C 

C 
C 

C 
o3m 
03-9
03 0 
03 1 

039;4( 
0394( 

0396k 

0318% 
0399( 
04P0( 
040“ 
04o2( 
0403( 
0404( . .   _ . 
0405', 
0406( 
0407 

041e!‘ 

FoRTRAN Iv (VER L30 saURC Li jIi4Gt INPur sUrARnUTIkiE 04 / 10/72 PAGE 

2 C 
3 COMMON 

5 2
OMMM 

8 dETiidiT 
9 1 

11 
12 1 

cor,KIN 
3.5 

18 
7 - 

19 
20 
21 

.1_914.c ODE 
1 /APUT a  :MP(T 
2 1 + TRIAL CATS 

_2$ NOWPO 
29 READ (5,101) NT,C,NFAN$5,;•IK )? MH A NIr1pKTFJP / LDOC 

_31...0 
30 toi FCiRMAT ( 7)I 

32 READ(5,1CZ) ORp)IST 
33 102 FOR4AT(8 0) 
34 EA D _C'T Y.1MiJ) 
35 READ(5,12) PlOP,  ;)PTwik 
36 C 
a7 
38 C 
39 N1=NC+1 

jZ14.1.+.1. 
41 N3N2+1 
42 ir-3=i1331(3 

_43 _C_ 
44 Pr'(1)=PTP 

p,,opT/FLuATc1'tTm1) 45 
46 
47 PP(J)=PP(J-1)+OP 
48 C 
49__ 
50 IF (LD0C,LE.0 .0(7. LtjoC.E. ) LO0C*2 

// X(20,100) 0  v(100)., XL(100), u(100)? W(U'0), 
0(100.4 rIL(10).0 HV(100)," F(214100), 
HF(lpf ift PP(10, QG, OTST 

/CONTRL/ AC, O p 1..!)0C, NIL), MTM1, KTIP1,  

no MP 

C 

0375,  PA, PK(Foo KgrE we): 
ta4T141 _kftq A_ HITAW51104. 

0371. 
vto-1144E 0379' 

0360i 
i.;E71T LOADS ARE IN MMar tip-IR 0351( 

0352( 
03831  
03R4( 
031-4.5( 

3 + )AT A 03t6( 
4 3 + ERP,OR PRIT OUT. 

0362 
0363 
0364 
0365 
n366. 
0367 mi, N?NiZ 0366 

/F1X/ EK(20,100), 0100), 6(100), C(100)0 D(100), 0369 
AX(10) A 0370,  

1310.ATA./_. _RSSA Xw(10A x0(10).. 
/FP:)ATA/ NF, . .4.- TRAY(()), IFC?1,6), 71C,(2Q06?' 0372. 

VNI(0.0  TF(6)1  PF(6), 006)0 .X(6), T7F(6) 0373' 
R.F0P1 12.0 -.37.41 /DATA / KTA L 6 , 0 

(aA, r; TK( E  



FroTRAm IV (vEc L-3, ) s;:luRcr LisTING: INP UT SUBRNTIME 04/10/73 PAGE 

51 C ____ _ __ /se) 0412C 

52 WRITE 16:1.05) N MCA T,NFoNSSoNK,NWiN1 
_ ___ 

0,KTUP,TDOC -)40-c 
53 105 FORAT (//2X,INft13FR OF TMO(S 1  120, /2X,IMUMSER n umnrrAitlis ,  115o414( 

54. , 1.././.2.X.4....ER ?°)F_F!.:=EIS I  12(1.,./74.....1$1.171.ESTROO_ANDITIA_qAT___TRAYV_„04i5c 
55 2 17, //2x,IN :4. cF.0. DF K-DiT4 P0I-NTS 1  112, /2x 1 NumgER OF.  H-OATA 01:1147(5416-t 

V__ 5.7 4//2X'....... ... .....  1.2f37 // ___ 0.4“74., 
041.7 56 ;;Ts ,  J17, //2X,ItOWER OF TTERATIDNS1 115, 

56 52XIDUCTIENTATION LEVEL' 116 ) 04OR 

51 C 
g4a 

0472C 

li  

.69 .,'t 7'c.-. ../._0!.0,,,  
61 , F.:(J)-4.- 
62 (1)=0 ,0 
63 AJ)=0 0 
64 CAJ)=0:0 
65 1)0 15 1211,NC 

67 ''.0 16 121,1 041i 

...6.9_C._. 043DA 

t)429 68 16 F(I,J)=0,0 

70 C 0431' 
71 TA(1)=TICIP 04S2(  

73 .4)TRAY li TIRO 
::::: 

72_ _ TAA.NTIATIAGT 

74 IF (NDTRAY.E.0) GC TO 41 
0“4( 

-"P 04'7,6( 
76 IF(MT71-15.GT)OTO4f 64'.37( 

77 DTs(TVT('r-TiA1))/FLGAT(NT11D-.1) 0436; 
78 DO 31 ...J=2,11D. 0419( 
79 3). TA(J)=TA(J-1)+0T 0440 
80 0T.(T1.( T)-T1ID)/FLIIATCNI.NTID) 0441; 

,____. __. Y.1- 1PP!MI2+1 0442( 
82 DO 32 j=:1. 0P,NTM1 
83 32 TA(J+1)=TA(J)+DT 

0443(  

g 86 41 DI=(T6.1 T-TTU)/FLGAT(P7M1) 
- U-44-6-1 
(.144:4! 

1. 
84 60T050 ..__ ..__ ......  
85 C 

S7 Po 42 J.2,',T!,.1. 044F( 
88 

........
42 T4(J)=TA(J-1)T 

. 

-- e9 C = 
90 5(.) CT,3PQR*ler.JE6 0401' .._ . 
91 IF (:N' !s! 0 0) 17,1 TO 60 d4Yt 
92 '.. 4RITE l6rt0) oR ' 0453. 
93 112 FORMAT (f2X,IREB711LEK DUTY, (:T1..1/HRI F20.6) 0454.  

94 
95 C . (41t9. 

C it itiT)N,i4G 

96 60 .IF 015Atil00) GO TO 62 

9 9R 121 Fr:AT (///20X,,INVALID rISTYLLATE RATr.,///) (C);/;57'.  
97 ':'RITF. 0,121) 

9?,..._ ..... .: 1=1_ _ . 0460. 
100 C —04-61. 



A FoRTRAN IV ('ER L3!) Sl.UcCE LISTIw,1 IMPUT 04/10/73 PAGE 

wRii5_1§1.1221_DI sT /dr/. g 
102 12? F-ORMAT 02xplOvEkHFAP vAK,P. Pf010z47,. tWLS/H 1  F100) . 

101 C 04Y1 
10_4 'AITE._“%,,_1230 Tif;p3T01 0465 

185 123 FJ1AT (/2x,,,IINPUT TEmFE;-AT1);kESA DEG F' / o

!!! 

17x 'TjP rof F12,1 / 7X l',30TTGM TRAY' Fq,1 ) 0467 
_109 1E _.(i)114 AY4EILN0) G,." TO 64  
10$ ', RITE. ((pA124) TMID,TPAY 04 A9 
j9 124  FORMAT (zx 1TEMPEATuRE EST1MATEU AS' F4.1,2XIDE ) F 0N TRAY114) (141'!.;Z 
.11D_C 04:7_1 
111 64 iAITE (6'125) PriP, ,,P1 w , PPM, PP(NT) 0472 
112 125 FOR!,iAT (/2%(.. /INPUT ORESiUkES, PSIA' 7x!OvERNEA 1 F18•4 0473 

.1.13....._ .....iL7....1 LuiE.R....D.E.LTA_22....11.34A/......7LJ.T1.11E.R....,.0..P1...  
114 2/7X ITDY;ER SiITT0M1 F14,4 ) 047 
115 C 0476 
116_ Da 0 IALA.P.F 0477 
3,3.7 FE/) (5,131) (riOEF(T,J)0,121),FTRAY(J),PF(J),TF(J).0F:v(J)) 

Z44;: 118 1 QEX(J) 

-ii 
120 

 
. R E M 15,1n0 (2F(I;J),ImioNC) 120 .04S1 

121 IFIQFN(4);iciF#0.00)00641 • 04i2_ 
.1.2.2_ ....._....._.AE.,W.....(5./..3...0.?.)...1Z.M.D.J.La I  NC ) _ _W!3. 
123 c 04E4 
124 6B CONTY!AuF 04F5 
J.5 IF(N$,5_,EGOT070 046 
126 DO 69 Jul,N$S 

_ 
O47 

127 09 READ (,5,13) NSTKAY(J),X'(J)IXO(J),CM(4) . 010S 
AT.11.54t5U3F1.0,„cd 

129 C tV  
130 70 (.ALL COATA 0491 
_131. CAkLIFEU) (S.OMF111. 0492 
132 C . 043 
133 IF(N$S,EQ,D)C,3TC00 

134,.__ ____W1TE44,174-0- 
04c.?4 

5 141 Fok mAT(1H1 2x 1 $1nESTREA,! AN,) HT TRAY nATAI / 7x /IA( Nr.:o7x/VAP04w, 
136 1nR ML41.4/R ,  7)( 0 L1-1i0 mi.LS/HR1 7X /HEAT QUT mmari/HRI) 04r-,7 
_137____ _PEL_79_1;-11;::5$ 04 
138 79 WRITE (g0142) N,WSTRAY(N),XW(N)AxU(N),QS$(N) 04 -9 
119 142 FORMAT  (14015,2F12.2$F15..6) 0500 

_a51A 140_k_ 
141 So SWRGIS1 052 
142 JF(N5S E' ')) TC-I9O 143  
144 

,J.1  di :I=JVSS 
::.*STRAY(.))  
c), 145 - XLI(J) 

05(4 

.0

6 
 

---o---67. 

ittf-' , (L)=)o,(0) 
147 .qe)=.-,,si(J)#1.ep? 05c4'. 
146 Eil (;,,,).4.,4(14, ) 05;9

_149 C Oln 
0511 150 9u IF($1J14-5-:.: ,*2,T, 'H)GL2 



FoRTRAN IV (V& 1,- ) SuARcF LIsTIN,J,i INPUT sU.MkOlITINE 04/1(4/73 PAGE 

.51. RITE (6,145) i‘c2'" 05121  

52 
 : 

145 FO"fj (///20 ItITT,:lms. ...ATE IS INVALID') --- -- ---- — ' 
-- — —7 

Noc,=1 
l. !!!!! 

92, v(1)=1IST 0516 

v(rT),u.:,*(soFD-DIST) 05171  

XL(1)=0,(4A1) 
XL(!.,J)= 11-0-sUM 

c())55190- I F (NOGCA.NE0) RETuR!i 1 

162 
L63 
164 
165 93 
166_ 
167 94 
I6s C 
169 _C 
170 C 
171 C 
172 
173 
174 

_JOF.V...1.1,2)______ 
176  
177 SuMJM1=F(I'41.01).!-DIST 
178 SUMJ=F__01,Z)-12).U42J+FC.1,1yrUl$T 
179 00 95 J=2.,1"'.1 
180 A(J)=V(4)+SLMP1 

188i 
3(J)=-((v(j)+W(j))*EKCI,J)+V(J411)+SUMJ+U(J)) 
c(j)=V(j+1)*EK(I.,14.1) 

183  
184 SOis4u*Sumjra+F(:.I.,j)-1.11(n_r•U(,)) .._ . .. 
14-5.  - -95 751J--,5:j" --STif.1 j  4 t i\A A j +1 ) Tri+), 4)144:1; i  
186 Awi)liv( 1')+AiMin-FOL, .1. ) 
187  
$8 1 CCNT)=0. 

DC:iT)=-F0,41,0,T) 
Ax(1)=C(1)/13(1) 
I.5 )((1)=1)(1)/P(1) 
Pa 9& J,Tn1 

96 AX(..1)=C(J)WN)-AdJ)*AX(j-1)) 
194 JO 97 Jr/s2pfl.  
195 97  

196
•

_  
LE. 0,0 I^ X(I,gt)= 1.0E-25 

198 ,:)0 9'3 K=3okT41 
199 d=i1T-K 
200 X 1 4. )1aBX 

-,54 
L55 
,56 

-57 
156 
L59 
160 C 
L61 

189 
190 
191: 
192 
193 

D vatvioT)-01))/FLATONT'll) 
OL-M(NT)-XL(1))/FL:iAl(Ttil) 

__YD 93. 

XL(J)=XL(Jr1A+ni, 
1111L94_J121.4.LT 

CALL (T4(J)AFK(1,4)sj) 

VtP0R U= L,I0011 

fAl 99 181.1.0nC. 
A(1. 1 =0,C) 

0523 

0525 
o526 
0527 
0528 

005 0 
529 

0511. 
0532. 

(15”. 
05f4 
0535 

536 
537 

0538 
0559 
0540 
0541 

0544 
0545 

0541 
0548 
054-5 
055C 
0551 
0552 
055,7! 
0554 

0555 
0514r! 

0551 

05M 
05( 
-056-71 



A FORTRAN IV OVER L.),0 S'JURCE LjSTI TONT SO4RIAJTINE 04/10/73 

/33 

PAG E  

0562 
202 
203 

qir 
09 

C 01.1T 1 WJE 
COilT1E 

• . 056? 
0564 
0555 

20, 
205 

C 
C 

0,66 
0567 

207 C 
208 EFUM

__gra 
209 E7Nr 0,70 



04 / 10/73 PAGE 

0571' 
—0-5 

X(20,100)2 V(100)." XL(100), U(100)P W(Li)U, 0573( 

Nc, Nf, Opc, NI°, ':,ITNii, KTOP, 0576i 

.1i100).0 '41(1D.O# 4Y11.0,0)_, TA(1,AD).A_FIZILlaolL___05142, 
pP(1z0), OG, p/sT o575: 

±11..,. ....  
Cc9AmE(2,20)A xMw(20), RHO(20) 05Th, 
NK, EKTAWS070, TV(), 0579: 

PAL P.100,_ K.O.P.E. 03.61! 
058V °I.Pe  HITAL(8,2011 HVIARL(8,20), TH(5), PH(8) co,4m.1:4 /,)t,TA2/ 

(14..(eR2(j),DCK(7,20),CH (6A20),, 12 COmmnN /CilEF/ 
DCHV( 220),CH(A6,20),} HL(5,20), 3 
PPApcive 

14 2 
15 C 

1(2_01.A.Oc.120,ZOIAAHV(20.4.04..AHL(20,20 ) 16 REA, 

17 El;.FAVALELCE (AK(iii),;01\1(101)) 

18 C 
19_ YRITE .(6/1r)). 
20 10, FOPMAT (1H1) 

23 
24 
25 

6 ILSVOL/ /) 
RTTE ( A$ 103) (s1„(COAME(K 0 J)',K=1',2),XMw(J),RHO(J)dcl,NC) 

17)..PHAT ii.O.P_Zx4,2AAPPV1 +3.911P•4) 
29 C 
30 21 REI,A) (5,11.:)) (TK(J),J=1AK) 
.31.___115.F_UPIAT_(.FL:)40) 
32 READ (5,115) (PK(J),J=1,, NK) 
33 READ (5,)170 (CEKTI..,51.(KIJ)igia085,074 
_34 C 
35 oRITE ( 6,10Q) 
36 C 
37 41 WRITE f6,122) (TK(j),J=1,0 

12271.W, MAT-  (//2X m A /1.4 icrA.61;:r- u“,o'TEmPF-uTrxe-,•---F---rvw,-p-----o--6-g 
'4R1TE (6,123) (PK(J),J3.71;) 

123 FORMAT 4x IpREsSuRE, P514 EF14,4 
olliTE (6,12.5) 
FnRHAT (/) 
'20 43 J'1" 

(61174) (Ci.44'1E(K,J);K=1,2 ;(0TA5L(K,J),Kal;NK) 
FURmAT (:IX/2A4,6x,P,F14n5) 

I:43 45 
O 45 

FKIAO3L(Y,J)tLOG(EKTABL(le.,J)) 

F0RTRAt 1i  (vER 57,URCF, LIsTjN: 

1 '5 ..ri.Pk.i4 
2 C  

ClAnoN /1 

1 

6 C0f.JWL /C(11.:TRL/ 

8 COMMON /PRCP/ 
9 CMMMON /f.ATAI/ 

10
. 

 
052. 
o5 r3,  

054 
O5f%5 
0.56 

05" 
05. 
0,i39 

0590 
05c; 

/54:1_01 J, „ 1,02L, x m (41,?,LIN sPU.,8. NC ) 059 
101 F:'AT (2A4A2)(Y2F1,7) 0593 

'RITE ( 6/ 102) 0594 
102 FORMAT (2X,OATA 0;.-)  CEMPEOT51// eXPJ NAME",,17X, _001. WTI! 8X, 05'?5 

Or6 
O97 
05Cq3 
05'?9 
0600 
06(1 
•  0602 
06(h3 
0604 

06i7 
33 
39 
40 
41 
42 125 
43 
44 43 
45 124 
46 C 
47 
4R 
49 45 
50 C.  

0605 
06IC 
66T1 
061.2 
0612 
0614 
oblf 
oeilf 

Ooli 
061S 
062( 



A FORTRAN IV (VEp:  L'3) Si2uRC LISTING: CDATA SUr3RCJITINE 04/10/73 

.51 C K.(;1•‘ ...-- PRCSSW.c C017?..EfT_K7DATA  /...5"._._.f..._7_062.1,_ 
52 C 1 K..ATA ALR.FADY CORRECTFD .0622 
53 C 2 PRESSOE CC,R.RECT K.DATA 

•  

.54...C...  
55 POOK(1) 

_Ii 
 

56 48 KCOE=1 0626 
-51 -_-_______..2.10A..=!..1ft.• • L  
5i Dn 49 J=1,Km1 0628 
59 IF (ABS(PK(J).PK(J+1)),G7#1101) GD TO .5.', 
6.0.... 9__C_OriT_LLM.E._ 

(°0)666 61 KCODE = 2 
62 WRITE 

 .., 
63 126 FORMAT(//2_,K,DATA wiLL ::'REsSUKE oRRECTED Tn THE TRAY PRESW0633 

64 1RF "SIN'',  THE Kg-DATA qE1-E:;.EHC::- PRESS RE A$ THE D4TOM1) 
65 c 
.6 50 6 . 0(T3:56 
67 C 

. 0617 
6'3 kEAD (5.027) JCOOE,(TH(J)04=1,M1) 063P 

.__6,____1Z7 F..0.03..(..1.1AF_9_0!.7FIDA2! 069 

7n C 0640
71 C JCLO -..... UNIT .:.- E.THALPY nATA J-   
72_ , 1 BTUIADLE. 0642 
73 C 2 :1"0/1.8 

_ 

74
0643 

C  0644 
._____REA0A54.115)_.JP14 (KJA=1,) 0645 

76 TEAS (5,110 ((HVTtLC1(,J)pKni., ), (HLTABL (KA )s}01118),Ja1,NC) 0646 
77 Go Tr; (55051),JCVDE 0647 
78 51 DO 52 ,J=1,,C 0648 
79 'JO 52 K=10H-! 0649 
80 HVTABL(K,J)=HVTAPLAK$J!*(J) 0650 
81 52_ 4LT4ALCK,J)=HLTAMKIJ)*(j) 0651 
82C 06)2 
63 55 ',RITE (6.1a) (TH(J).*J411) 0653 
84 12 FORMAT 41/2X IENTH4PY TE,// 4X 'TEMPERATURE, F 0E14,2) 
85 •R,IT (6,129) (P.-i(J),J=1,:4F) 

(7;iii FIJ 86 129 MAT (4X 'PRESSURE, PSI ' Fq14,4) 
87  wRTTE (6,130) 0657 _ 
88 130 FORMAT ( 10 vAFOR, WTi/MOLE') 0658 
89 DO 56 Jx1A'AC 0659 
90 56 lqi.ITE (”1) (CPAkE(K/1.1),K=1/2),(HVTABL(K/J),K=10H) _ . . ... _  0660 

91 131 FnrmAT (X,2/ 4,6X, / 4,6, c 1401)  0661 
92 ''RITE (6'137) 0602 

_93 __Laa_FIARAT_L&JTOurA_S_Tuihu,,E 1 )___ ____DA61 
94 50 dalA NC 

E4i 
95 57 ,,RIT: (6'131) cCPAmE(K0 .1),K=1,2),(HLTAWK,J),K*1ANH) 
96 C 
97 PPA*PA 
98 mC00EnKCOE -----t-IF 
9q KCODF=Q 0669 
100 DT=AAX1((TA(NT).TT(1))/2.0050.1 067C 



FnRTRAN Iv (VER L3r) SouRCE LISTING; cDATA SLI4R1luTHE 04 / 10/73 PAGE ( 

101 TuTzTA_M-DT 0671t 

102 T(Z0)TA(NT)+'r 06721  
103 frrx(T(20),-T(1))/19, 0673' 

105 62 T(J)=T(J-1)+DT 0675. 
0676: 
0677-
067e. 
0679. 
of;0.7C,  
06111 

62 
6!,i3 

06_04 
06e5 
06;,16 
061'37 

06 

0f00 
0691 
2.09Z 
06,7. 3 
0694 
0614.5 
0696 
0(07 
0693 
0699 

106 
00 63 

07 63 __all KGFATIK.10_415:(1.0J0.0.K.J. 
106 :V 65 J=2,20 
109 4m120-1 

111 ;101_0=AK(JA) 

112 bK(JsK)=AK(K,J) 
65 NOK A LC• •  

114  

115 IT.10.6ô JINI,v,IC 
1.16. HOLD=1 4 0 
117 66 PoLD=FITIT(TAAK(I,J),20,:;picK(1ps).411,HnO) 

11, 
120 on 67 Jgglr ...,C 
121  
.122 j..43 y...24.i..;PtIR.m. 
123 67 ;-:2ST,i

:
!:C

Af
t
1
K+1,J)*FLOAT(K,..1) 

124 
..... -CA-L-L 

- 
XZ aiE(TTK) A AW,VJJ41q 0 L(10 K).) 
126 )0 71 4:12,20 
127 011x.,.1-1 
128 'On 71_ Kx1A.J.M.I. 
129 HOLO=ANVIJAK/ 

i3r AHV(J,K)=AHV(KAJ) 0700 
071.1 

132 HOLD=AHL(AK) 0070 7c;; 

0704 
133 AHL (JAK)=AtiL(Kij) 
134 71 0?HL(1< p,i  hi r.tAi) _ _ .. 
13 1.*:;1;1= 3 07Q5 
136 Do 73 jr.i.,i.T. 07o6 
137 HQLC1 =1.() 07cci 

138 HOLD2FITIT(T,AHVrip.0/20,, L4R..c ,-r (1,,J),d0H0LD) 07-71 

139 MI.1)=1 /0 (J 7, 1=- 
140 73 tiril-D=F IT I T ( T,,, AHL (1,) ) initeWk,perit„ ( 1 j .1)..„11.Hnl,:) ) 071C 

141 Np1:1-,-1 0711 
142 inl 75 J a 1 A ,C 0712 
143 tr,,l-iV(1)=CHNi( ls,1)--le0 071:4  
144 DCHL(1,J)=(11-(1,J)r100 - - - - 07th 
145 00 75 k=2 / 07 -.:km1 071 
146 JC•i.v ( K., J ) =C ri ,J ( .1, + , p ,I )* F1, j Kr 1 ) 071f. 

147  75 DCHL(K,,,!)::("!_t...(i41,J)*FLOPT(K-1) -0-71-• 

148  C 073J 
149 PETURi.: 071‘ 
150 END --672-: 



4 FCIRTRAA  IV (VEK OF) 5i1jRCE LISTP-ii 7FEE1 $ :.1'utirimE 04/10/73 PAGE 

2C 
N // 

0722 
3 ComMo X(20/100) V(100), XL(100), ti(lo0), '01o0), . 0723 

TA( 14.,01 
5 HFC6,), Oaf QG, IST 
-4  

CoP.maN /crpiTRL/ 

CEmiaN /P4T1P/ 
9 COMMON /FFDATA/ 

11 C 
12 REAL 

13 - 
14 t . , 
15 WRITE (6.1.,100)  

NC, 0, 1P21, KToP, 
1•4114:- 

c4AmE(2,2,.-0, kvi(20), 040(20) 
Np, NFTRAY(6), 2F(1p6)., iK(20,6), 07 9 

TTF(6) 07-C 
0731 

AX(6)? FIX(61, V(6), !1-(6), 0732 
;q1(ze).?  VV(2a)1 Yk(v) 0733 

07;,14 
. 0715 

07?5 

o72,6 
a777  
0728 

VI_ 4.0.0._.F.0AT...1.j,.H0... .... _ __ _ ____ . . .. _... 

18 ',!RTTE (6,111) (J,J=1,NF) 

 
17 C 

/9 1.1.1 _FLV if  ( /PX45`riINPUT___/:".E.i_i_ 1!\TIY7'?c.,.711FE.ED 1\11.1,,3 4x1 ',73-14) 
PIE (6,t1,12) ( CVFF'“,,,j),1=1.03),JM1INF) 20 0740 

21 112 FORMAT (7)(1,4JHFEED 0741 HA1E,2IXP6(3A4,V)) 

22 100.n. _Ofl-16) INF_ TRAY(04_asallfAF, 0742 
23 116 EUP.r,AT (7Xp19HENTERIG AT TR,6Y !,,2.X6I14/) 0743 
24 C 0744 

_..1C .Hr...LA . F 

.21.._..._ ___kt.-e__. ..4F iia_) t.!2 Fikil,14):_kiF (140 

26 
27 

29 C 
30 

ZF(N11).G.e 
DO 10 I=1,1" 

074 5
76  

°::: 

 0 

074$  
0749 

'*ITE (6.'117) 
31 1.17 FOkOAT (7x,194coiip1,sITIouLs/H) 

Do %9C19 vJo r 1  7:2.  
19 WR/TE otlao (c,;AmE(Kti),KmipZ);(zF(T A K)..0<=1,,F) 

..34_____1?9.__EPRIIAL (',-)c#2.±,--tf°14416F14•21-- 

0753 

35 RITE (6„.171).  (ZFCIPNWIllapF) 
0754 
0755 

36 121 FORMAT (7)(A5'ITOT4L,1&X,6F14,2) 07 
1 

36 t FEED HEAT CONTFAT NOT NIF QFN 211  040 075-t 
39 C " 079 
40 SkIT_F-00 0760 -.----.- 
41 ' 1. 1.1 4) H=1.“..F 

(9)77.1 42 IF (1.FH.'1,NE,01,0) G'i 10 21 
43.C.... _________________076? 
44 C FEED P'NTHALPY IS NOT CIVEN AKI ltP.“.  'L CAL(LL.A.40, 

7 46 CALL F.LASH (ZF(te!'!),7_1<(1,,H)0TFVV,,XLLAQVC i).,-.LC Qr7-65: 
45 C 

47 C 0761 
48 
49 

07 

50 077C 

'46(N)=0* 

GO TO 22 



p AGE i FrIP TR AN 1 V ( VER L.Y.. ) S;20CF L 1 37 'VI 74E E S OROLI T I NE 04/ 1  ,/7 

51 c ....  _... ._.. ..._ _._. __...._... .... /5S 077i 
-- f 52 21 -. F' (,,)= ,' ''' ( 077i :)*1,0Et 

53 F. ( )::: i•,;f ) 07a, 

t 

54 rc. (i )=- _ 0774' 
55 C 0775. 
56 C l',0TATIC FLI,Sf: FIA.11).5 TU LETEPH IMF  vAPORIZLTION AT ENTRy 0776. 
57 C   0777,  
58 22 KuNFTY(N) 0778. 

59 '3ExcoaQExciogqic,F.6 
60  

0779: 
07F, Cl 

61 C 0781 . 
62 C Q(0N) 1S TTI.,.1. FEE:: R4THALPY AT NTRY TO TER, 07s2. 
63 C 07.:'73 

64 f*TsTA(1)..100. o7:.74 
65 TBIG=TA(T)+100,, 075 
..6.6___ ____T _____. -.07 65 
67 C OT:7 
.68 23 CALL [1"..:,  (ITTAYI<P1() 0703 

__69_„_______C.A.LI, _LASH. 42..E4.1.01144.Y.Kinii.V.kb! .X14.1.94...0 ).! L.Z.LIM..i._9...93_....—.. ___... _...___ _............_______°: 9. 
70 C ',RITE-  (602(7)0) Meg0Q(N),TTIL,TTT 67q6 
71 C Roo  FORP1AT (4F25,7) 0791 
-7.2 .C- ...J0.1.?.z 
73 TF ( 0(H),TOL,TITsTPIGA2) ) 23,27,26 0793 

74 C 07Q4 

75 26 WRI.U...16112Z)..N 0795 

76 122 FDkoAT (1/ 5X /FPEO FLASH FAILED In CONVERGE FriR FEED 01 13  //). .Q7$ 
77 C u797 

718. ......23_4V114).0.1.1/QQQ.LN)A414 07..” 
79 )1,(N)111c.01-(N)00Q(N)*QC1 0797 
SO 23 TIP (1)=TTT 

4 

Iglim; 

06on 

NON)=,,,,. 
8 

DO 29 0403 
--8fra 

83 
 

” PL 
85 

.. C...NI!". X0..) + V V.I.; 3._... 
CT: , ((N)mexcN).4.xiA(/) 

86 C 
87 

91 
92 37 F(1,0=F(1,10+ zF(/,!.) 
93 F(A.,K)=F(liK)+Avx 
94 (F(N110i ).t.IFP04,0 HFire)go.Try.+---QQ)/Fvu.po 
95 GO TO 40 
96 C 
9? 38 (47 1=r(,-1,v-1)*F(K-1) 
98  
99 
100 

;F (K-2) 34,0S,32 
8r 32 IF (K-Ti.) 38,3r3..34 
g9 34 AXEX.7F(N1yN) 

Do 37  

08f)i! 
oeoc 

.D8t.c 
0811 
0512 
os17! 

ofil5 
, 

- 
0Fi!
0Do 
081j 

NI 39 I=1) C. oalc 

08C)6 
01307 



A FOPTRAN Jj (VEP. i..3) S...;UkCE LISTINr.,i zFEU) sLIF.1-JuTINE PAGE 04/10/73 

O!1 
102 F(t.:10K-1)2F(N1J,K4-1)+AXN) 

ICI 0!2.2/ 103 F( 1 1, ,• LA K)=F,K)+.'xti:1) 0 
.1.04.... .(f (NI/ lc -I )_,,i11.6.,„0,_01.....h.E+Ked....)..13.();4r Kik1J.V (.14..)..) / f N 1 A K -1 )_, . ,.... 

O6 

0.088:: 

105 IF (F(1,1,k),'IE,0,0) -IF(K)m(CIFK4.11Als 4 ,))/F(1110K) 005 
26 106 40 cuv.T:sii:j+ZFC,11,0 

107S 0827 
108 C 
109 oRITE (6,123)(7f(N),!=liuF) 0629 
110 123 FOr.bAT.AJTA IAEMP_ERATUR_EA. Ff 9X 6F1AAIJ 
111 .RITE (6.11?4)(PFC00,1=1,'F) 

063C 
08 1. 
0632 112 124 Fro :1'?,T (7X irRFSSURE4  PSW 9X 6F14.4) 

113 vR1Tri (&,1.:25)1Er.c,),N=1,1111;) 05'..2 
114 125 FO9r4T (/7),  IHFAT CT1TkmT, BTUS (CALC), F12,0,5F14.0) 0634 

115 i,,RITE (6,126) (VG(N),N=LOF) 
al: 1.1.6 126 F0F.MAT 1 TX 'HEAT 1_,T1TENT7  4.1 4-.11 (4_0 /  F11..00,5F14,0) 

1  117 ..,!RITE (6p127) (uExCq),N= :f) 087  
118 127 l'iRmAT (/7x ,ADDTITTiAL !IFAT$  BTUS, 7X br.14,0) WiF 

..16..)1.2iL)  
120 128 FDRMAT (/7x 'HEAT J M (1 CnW, 'S hLET)1  P11,005P14.c) 
121 'JRITE (6,127) (TTF6-4),1421/14) 

- 084c 

1.2z_ _ 129 f of? OAT_ .(3_X_ a ENP.ERATA Rt J__f_ _ (1.1441 E41.__11..1)F.14.12.) 
0841 

_0342 
123 'RITE (6,130) (Ax(*9.0=1.2oF) 0642 

124 13o PORrIAT (/T>. 'VAV.R, 1OLS CIALET)/ 4X 6P14.3) 
125 R/TF  0 12.1) (10:(,1) N=1 mF) rtt451  
126 131 FOP mAT (7x ,LIQu13A mOLS (INLET), ax 6F1403)  
127 C 0847 
12P RETURii 064E 
129 END ----064i 



FORTRAd IV (vEk 1_3) 56oRCE JSTINc FLAS;,, SupRWTINE PAGE 04/1e/73 

1   SORNJTJE FLASH (X)(07.11—JTPXV X_LP9.V0(4,0QT) no 0850 _ 
2 C 0851 
3 COPMW,i itQlTRL/ MCA NT, LC, NIOp NTMI, KTOP, 0852 

111, is1.2.,_Wit.4;03_ 0653 

5 C 0854 
6 kEi;.i. XX(1), ZK(1), XV(1), <L(1), HVP(20)., HI,15d(20) 0855 

FEED 0857 
LIQU/Cs 0858 
VAPO 0459 

0860 
OF,61 

0863 
0864 

•IF(XX/I),90'n.OTat _________ ... q_ _ 0865 

17 StNi.5064.XX(I) 0866 

lt.3 SU 1Y=SHWI+XX(1)#7K(I) 0e67 

19 SLIX=SUFIXI-xX(I)/7.K(1) 0e68 

20 1 CONTIqUE 089 

2/ C wRITE (6,310) SUliXISUMY,SOM 067C 
§ C . niPmAT(1 I /. Ep 7) . . ...__ - ., _ _ .?,__ _...,___.___ _014 

jF (s •-sY)4,202 0 2 

24 C 
-42 
OP.:t7? 

25 C SO!',CDOLED LrUID 0574 

26 C —081-5 

27 2 DO 3 imlANr 0$7f. 

V.3._._ __ AIJIJIBXx(I) 0671 

29 3 XV(1)=0* 087E 
30 SWA=soh 087s 

31 SUMY=0,0 081C

32 C 4R.ITE (6,300) 00:1 

33 C 30Q FT (Mil SUniMED LI0j01) 088; 

34_c ,,410.TE_JO,2r0 (xX(J)/zK(J),XV(J)AxL(J),,,,21,0C) 0$B3 
35 C 20 -PoRMAT (4E20.6) 08c 

36 r.;0 T-11 30 03g! 
37 ' IF (SU -SIMIX)7,5,5 08U 

38 C Oti .'1 

39 C STPERHEATF VAPJR 08F4 
40 C 0,.$ 

41 5 OD 6 I=1ANC 089( 
42 XV(I)=XX(I) 08v: 

_A3 .. 6._X.Lg.).! . 089; 

44 SUmy=SUM 089: 
45 SWIX=0e0 0894 

46 C 'ifiiTE (6,31) 089! 
47 C Frr.MAT (//// 1  SOPE1;.HL4JEL VAR.' ) ni FM AT  
48 C :!RITE (6,20) (XX(J),Z0J),XV(J),XL(J),J=1I NC) 08t7,. 

49 GU TO 10 0891 __ ____ ,..._ 
Olfw 

8 C SUM TUTAL 
9 C SOX TcITAL 

10 C SLIMY TOTAL 

11 C 
12 SUHs00 

14 SOY=0. 
15 DI-I 1 1=1PMC 



A FORTRAN 14 (VF L3'0 SOuRU LISTIN: FLAS,4 SURRRUTIE 04/10/73 PAGE 

/6/ 0900 
52 C - 09-0-I 
sa 7 999999 0902 

55 C  
XVF=10-LF 095 

58 SOmeSTILF 
5q * YTOT=0,u 1(17 6 

_. X.TOT_=.0.111).. _ 
61 -- ' 0910 9 I.1.91C 
62 FACECXLF+XVF*Zi( (I) 0911 
ila xv(I)==xx(I)/sum ny(j)/Fts.c _  
64 YT0TgYT0Y+xV (1 )  
65 XL(T)°xx(1 1/$e iFC 0914 
66__  
67 C 0916 
68 C 13 .4 RITE (6A20() 0917 

70  
zoo_TOR_MPLTA1/1/1 11.1.X.E7 r'flAS -',.. 1 ) 

RI C WTE (6,410) SWAXAS,;MYA ,pYTT,XT:i-iT IT 1.9 
71 C 41.. FORmAT CiE2507) 

RIlli. .4.6.41.2(4.).....1.X.)(141.21.K( 1/40...I.X v..00.1. XL (1.1.1.2J.F.1.14C.) 
0920 
0921 

73 IF ( 14AYA ( (YTOT-XTUT)00.9,0800005,XLF,XLFS,1) ) 8,22'18  0922 
74 C 0923 
.75. AP_ ._ER.I TE...A t.A.J,Q0.).____________.... ___ _ ___. __ 912A 
76 inf.) FORMAT (//5X IFEFD FLATH ChONATION-PATITE0 TO CITIVERGE , 0925 
77 + /5X /LIA110 FRACTIOA EITHER > 0999999 OR < 0'0000001 1  / 5X ICALCU0926 
-17.--- -2LATI&N C.qN.T.1.1.u1Nia...1.11 
79 C 099;7i 
80 22 00 24 121C 

-n- ----- - X1--( II `.)(1--(- I )#"11X = 
82 24 --)i,v(f)JV(I)*sumv 0931 
63 C 0932 
84 3Q OV=0,0 0913 
85 .)1,..=0,0 0934 
a. CAUL ITT,HVO),HLIQ) 

002 I=1,,C gg R7  
88 QVIIIQV+HVAP0)*XV(1) 0077 
89 32 Q1.!Q1-1.1400(i)*XL(1) 

92 KETURN 
74.6 

2o.:17): 

90 (0.T1110+0.1 
91 C -0§ 

93 EI.ski 0942 

51 7.1,4.1171p ASFL SyS.T.Efi 



SUPRruTINE FORTRAN I" (VER L3 c') SURCF L1STIN6 f 1 NR 04/10/71 

15:11A9PILS._...._1:-4 _......i?R t9... /62-- 

2C . 

3 

• 5 

COMMON // x(20,10)./t V(5.00)) 

rIF ( 100 ).• PF ( lon ) A  

XL  (100 )i U(100), W(1(0), 

QC," OIST 
A ZCOMMON /CLThTRL/ MCA NT, vim, rup, 

14)... isi2 A A S 4 11?, N3 
NTlis low, 

8 commoN /FIX/ A(2342S)4 E4(23423)4 C(23,23,3), 0(234100) 
9 C  

IP—... _. ..Y!_EAL.. 21.1.1,, ...C.01$290)._. 

ii
ETIVALE0CE (Z/ A) 0953 

C 
 

::::  

13. 114TA 0XMAX/ e 0'7,0 O 50/, DWAX/0,001/.0 DT4AX/D4.95/ 0955. 

14 e 
15 qRITE (64102) . 

16 "SALIA'ggril _:99::: 
17 IF (00C,L1*2) WPITE (b0102)  

11C1 C DO 1 J=1ANT 
090. 
0961- 

20 IF ( XL(J) GT 0 0) G!j '10 1 0962. 
21 AR1TE (6,00).  • 0963 

22 21,)±1. nl:m:q..(MZ9X To_vVrUq,_II9P1P_EtP4A_Wo_43_AgGATJYW/t4___ " 4.  
23 * 
24 

RETURh 1 
(JY;TIU NE 

Z5 C 

(:)-§ 
1  

26 2 =0 1(.38 

27 HMNI-'9 04.9 

V.__ _ .....1MAg24:A29.Q../AU1._...... 0970 
29 HC'AECK=0 

9 0972 7  30 OVINE =) 

31 C 
C  32 C 

1S DU 90 N111:10 
OT?: 

34C 

. 0975 

__ 9176 
35 rt.1 14 4=1)1 

I.P.' = 0,1) 
0977 

36 S  

37_ ____ ________? C.1 _12 . A =1., C . ....... .. _ ... _ ...._ 

0976 
Q979 

38 12 S '4) 090 
39 Do 0  K=1,?A, 
40 11 X(K,J)=gTK,J)/SWI 8991 1 ..._..-_- 
41 14 C!.WT1:41_1E 
42 C (T: 
43 C (-,FEkAL 2RICEDURE IS TO S!.q-yE A TRIDIAGOi.1AL MATRIY y 095 

44 C (1) CLEARING THE LOWER LEFT ELEFIE4T4N0 -71AK.It4614.-----  

45 C o;AGoNAL ELFor,NTs THE IDE!,1TITY mATRix or37 
46 C (2) CLEARING THE UPPER RIGHT ELEMENTS RY BACK SUBSTITUTION 09P8 

PAGE '- 

0943( 
.0944( 
. 0945 

(.

0

)94

4

; 

9 
094s, 
0949( 

07:  

02 

47 C o9n9 

48 n 4("! 1=1/NT 090 
49 C 0991 
50 CALL A40 CI) 0992 



A FORTRAN IV ("Er) 05 ) SI- JRC'cs  L 'ST 'NJ INR StARrUT1NE 04/10/73 PAGE 

/4 3 0°99:43 
51 IF  
52 C 
53 r71 22 1.810N3 
54 ;;POAD 

095 

55 1 -j 21 K.111;:'3 

09;6- 
09'37 

56 fApf-:,i)P-i+Ati.,•K.)*D(K., I-1) 
57 _ C(79.14 

59 *C i111-.11.:,(0PM)(M,01.$1) 
_ _21__f4X40-1=.04.K,tAPJW 

11 (00:6 
20 .<1 

, . 
1001 

.60  
61 ZZ 90„,I)=D(L'Ii...OPM 10(:!:3 

C 10 
.1.U5 

°O 24 1006 
90 24 m tglr;'1 1007 

1008 
24 i(i)=5(M,N) 109 

CALL MINv (74113/ 0 ETR6,6 (101)0(1:12)) 1010 
101,1 

Lai n 1012 
71 DO 25 1013 

a5 Lci1 1014  
L=L+1 1015 

25  1016 
IF 1.017 

C 1 8  
03 27 1,=10::?.• 1019 
1411_21_V=1.A.L.1_. _ 1020 

79  1021. 
PO 27 0=1,k3 1022 

_27 A t I..) =41 KiL1,4±6.0f,_,OvitC...01,11/2 1023 
DO 28 L1, L3 104 
DO 23 Kalli,3 1025 

62 
...6a 

64 
65 

67 
66 

_69 
7 

72 
73 
74 
75 
76 
77 
7a 

SO 

_81 
82 
83 
S4f.. 28 CIKo.L..".24p.A f.K0.1.) 
85 

nn 31 1€=1,,,L:3 
87 o 
86 0n 31 A=1,3 
89 31 Z(K)=Z(K)+E(KAM)*0(MA I) 

91 33 0oc.,I)=1(K) 
92 T.F (I,F,Q.NT) GO TO 41 

94 LFNN*143N"..I 
95 t'0 36 

36 .ii43 
97 
98 36 CC(L)=CL4 
99  

100 F loN•LTet.i!AAX/Gr.:i 13 37 

7 
Big 
1029 

— 1-0T4 0 
1031. 

__1032 
105f4.  

1034 
_1011 

1036 
1037 
1036 
1039 
1040 



sk.IBRDuTINE FoRTRkl 1V (VER. L3 e) E o !.!URCE LisTit 04 / 10/73 PAGE 

of-t 3i 

31.  

_1 
102 tolao 
103 i•-im0Nri+1.0 
104 (.1c) CC 

3.0637 
on  
Nn 3L". 

10.7. ___c(KALA1(14.1142L__ 
108 38 C(K.,L,2)=0.0 
109 40 CONTINUE 
1.10 
111 41 1)0 46 :,31:1.,1- '10.1 
112  

..... 
114 • RE hn ) 1 •47q%!1•1 ) CC 

115 W47,,MAX 
116 _ 
117 42 L=('-1)*33  

11 
 

9 
r.10 43 K=1/3 
ila 43 mrat,„ i 3 

120 = +1 I I • 
121 43 C(Nin.:;:2)=CC(L) 
122 NiNiaMil*-1 
123 roll 45 K=10!3 
124 iPm.4.04C,  
125 fj0 44 M=1,1'3 
126 44 DP1,14110Ph+C(Ke 0 2)*O(M,0 1+1) 
127 45 Dcw,I)=D(K04)1.0Pil 
129 46 C ONT I t•-40E 
129 C 
130 IF (LDUC,N17,4) GP TO 50 
.131 _ _ . _____..r!R. I. ff, .JA...12. ) ._____________ _ 

il 3 
DD 49 Ns 1 p ij 
..FR..17'F„ 0,019) N o  (0(J,N)s jigl io N3) 

13.4.. ..... ....119 ..Fle.N.A1...(.1.0.....(:DMPUT..E_D CIAlqc_T. 1 ONS QM STAGE 1 
135 4q Cliv,11- 1±.JOE 
136 C 
137 C CHECK FUR COi:VER( EI1CL 
138 T.  

084z1 

_ 10.49: 
1050' 
1051.  
1052 
1053 
1054 

1056 
1057 
10.59 
1059 

18(a 
- 10E2. 

1063 
1064 
105 
1066 
1067 

----1:6-6-8 
1069 
1070 
1071 
1072 
103 
1074 
1075 

1.1.01(.1.P5E2095 ) ) 1076 
1077 
1078 
1079 

-g-.-11---CTIPTP-0-51-7-111V-----10-51) 
3.01 
102 

105.4 
105 
1-086 
1087 
10Fifi 

lOrs7C 
1091 
1092 

139 C (2) MAXIMO ABS(DF)/F ,LT , DCW4 AX F ig F ow L. \I .E: 
140 C (3) NAXIOM AS(T) ,LT; DT14,6A 1- is TEMPERATURE 
141 C SCALE CORRECTIONS IF TUG LARE:. . . CAUSE FOR SCAL /NG  
142 C (1) x ALE. 040 .ANO. X ,OF., le0 
143 C (2) OF .GT. _0.2:_:*F 
3.44 C (3) DT -.GT. 2o.t.,  
145 C 
146 5'•:-:  
147 VT=0,0 

147 '"':-If S =°.“-!. 
1517 C 
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a s-  10'n 
152 C T (A5S ) *GT ,5000. 
151 1095 

i'AAA.4.1.15.iPANIAN)).0(1110.A.A8S0(N2,..M1)/V(M)APLV) 
155 ThTAX1fAll,c(!)( 43,0)1 0T) 

51 J=1,;s:C 

158 52 CniJINOE 
159 C 

F D X...0,11.4.C4.4.t1AX D 
161 IFfNra!E.E9.1) W-1 Ti 54 
162 55 NCHECKLINCHEC+1 
163. _ 
164 34 IF (NCHECK.E 010) GO TO 5 
165 fl!DONE810 

167 C 
168 55 r.q: 57 N=1,;:r 
-169 --_-_ — _X1_51 1 slo 
170 0KeXCJA.N)+r)(.1,11 ) 
171 IF(X(J?;.),011 4 0E.,6) GO Tr) 56 

-17Z -ILFIck.L.E.0 4,110- (.:440;10-0ni GO Ta 59 

J.111 
1112 
1113 

;_) .1 -1  ,  3. 73 .., - 5 7 1115 
174 56 TF (Ckelj:.0:) 0(J,N)=5IX(1,14)/2:0,0())) 1116 

_175 . 5.7 C.Q.•!TFIl,t. ____111.7 
176 GOTE361 111 8r  
177 59 hi00NE.0 1119 
178 Du 60 N=1,,'J 1120 
179 On 60 j.414, C 1121 
180 60 ON.0.4 )=0,1,N1)*0.5 1122 

_Lel . • ........-- 255_ _ _1123 
fs2 112.4 
183 61 DO 62 1.1=1. Ars 7 11Z5 
I,Yt__. _____IF.(APJ..04A1),(i7÷A.?0*xL(N) ,r:LABS( 0 (q,N)),GT.94_20*V(N ) ) 1126 
185 1 GUTO65 1127 
186 62 CUNT 1 NDE 1173 
187 Grap71 1129 
188 65 \jr-iDNE20 3.130 
1$9 DO 67 N=1,;...1' 1131 
190 q.L1 67 14, a N 14o.N.2,_ 
191 67 1 W.,)=1.)(1‹..N)*0.5 

1132 
1134 

192 GriT061 117;‘4 

94 71 DO 72 l'-=.1.•!%11" - - -iiii 
1.95 IF (ABS ( [:(1.3,,ii) ).GT,20.0) Go TO 75 1137 
196 72 CL1Uj / NUJ E 1 ln 
197 GilT061 --- - ---- -11-5-C3  
198 75 ADrimEno 114C 
199 Do 76 l',. gloWT 1141 
-2otj ------ li(t 

1098 
10 
13.00 

yr4t2.x....0_11..°4(,).„ , vg. 

11 3 
uf.4 

1106 
1107 
1108 
11c, 9 
1110 
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44; 1143 
1144 
1145 
1146 
1147 
1148 
1149 

114 

202C 
203 81 i)fl 84 Nis$1,t'l 
204 
205 6:14, xiJo'fl)mx1JAN)+0(,),P) 
206 XL(N)=XL(1.4)+D(N1AN) 

V()7.00'.9+!",1A2Lii) 
84 TA(N)0.=A(N)+D(N3,10 

ig C 

211 IF f ijwC,GT.2) wRiTE (6,102) 
1152 21 ......0 LE. (.__LOc....,144_1...1_,W__10.19_ 
L1

14 

3 
212 

'GT MtXt•F20,6/ MAX u/1-1 1-26,  i 10X 'MAX DX 1  F20,6) 

1!! 212 
!olTEATIL.3.q.__AP9F_LI._1541 ' SUN OT 

. 56 
215 IF (00C.E0.2 .ANO. ‹:10(NIT,15),„ho0) wRITF (6‘,1021 1157 

1158 2.16....C,_ ...___. 
217 87 GO Ti)  (89,90i,18,88), LVOC 

1111 t) 218 86 CALL MwRITE 
1161 .219 89 IF (ADoPE.E..0) f;CI TO 9 3 

220 C 1162 
1163 221 C 

.22.2. .......9.0. _CONTINUE. __________11()4 
223 rw To 93 1165 
224 C 1166 
225 C 1167 
226 91 ,,,R.1TE (6/101) 1 116-B 

227 101 roRmAT (iii 20X ,PPOBLEM CANNOT INVERT MATRIX ON STAGE, 15/ 20X 1169 
22e I 'CHECK INPUT 1 / DATA//) 117o 

229 lipaTE(6,102) 1171 
230 102 rORmAT I1H1) 1172 

21 CALL i.c-4RITE 1173 

232 RETURN 1 •1:041- 
233 C 1175 
234 C CONVERC,EC CHECK __ ___ 1176 

235 C 1177 
236 93 IF (NciPAFEG0) ('O  Tvl 95 117e 
.237 WRITE (6,111)   1.1.75 
23R 111 FoRoAT (///20x 'No CLOSLIR o; AINED ON PROLEM FOrz SPECIFIED NUmBElIP-C 
239 1R 9F TRIALS'//// 110 

_ _0,102) 
241 CALL USiTF 11a3 
242 kETovi 2 

.241 C 
244 95 Gn (9( -)6,999,999), LflC 
245 96 1'IT E l610 ) 

247 C  
1"4 R1Tr: 

248 999 PETuRh 

249 ENC' 1191 
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1 SOROOTIF, MILD (I) / ? 1.12 

2C 11: 3 
3 COHMCN // X(20,100): V(100), XL(100), U(100), W(100), 11,4 

-4 -I- .41.4.0.011 iii,..4.0.4./......011.004.0 TA ttco), F(.1.)' 1.1.`',' ,  

5 IF(iorl ), PF(Lio), Qt- ,A OIST 1P6' 
6 

2
COMMIA /C6'f.;T1L/ NC, NT$  LOPC, NM., N7M1, KTrIF, 1197-  

-7.........._____A_____ ______-- .. __4.• .,. 1424  H.:,,, i'1.3013 . 1.1. 
8 COMMON /-:;4-1FAT WK(20), OK(20), HVV(20), HLL(2, Di0(20)., 1199 
9 

COO A(2

VIL(2c)), V( 0) 1200-  
' 23 4-09------------4-2-4-1' 1TN _./FIX/ T) A ) 

1-0--  - -- 3A" 41-2311.3)' C(23,2313)P (  

li 
c 

REAL Z(1) 
1202: 
12(13 

la ---- - - - -EV-a:VAL EliC !,... ...11(1.P...1)4!2.1.0). _4204 
14 c 
3. ASSBN 4h 71." JJ 

• 11!: 

1.6. C . ...... . 
17 IF (I,GT.1) 60 TC 14 

1.2_01 

IF; .IF (1.00C,P4.4) 1,4T-'1TE (c3,121) 

irn 
9.____*01_EORMAI_IIII.). 
0 C 

ZI C CLEAR AREA /FIX/ MO MP 6, CA !On i', CINLY 
22..C_. 

12IZ 

23 DO 11 Jm1/4416 
Izta 

24 11 Z(J)=0,0 
2. CALL GE1(1) _11._. 

1 
! ___ 

26 GO TO  
27 14 IF (1•E0,NT) ASS1GH 61 Tij JJ 121M 
48 .S.  
29 C CLEAR i5 ''EFORE CPNERATINr, Ni,2...ZERU ENTRIES 1220 

30 C TRANSFER STAr;E (T•..1) DATA FR.P.i C(003) INTO A 1221 
34... ____C0:4TA10.5 STAGE _II-1) p.m........ _. 

 C 
32 -e- 

. 13:g 

33 DO 21 ..1=1,3 1224 
34 .002/ K=1.413 
35 T:1(K,J)=0.0 1226  
36 ACK,4)=C(K,J03) 

 

37 21 CIK4.4 0 _3)=0 -...0 _____1111 
38 C 12.29 
39 C R CONTAlt.'i$ STAGE (I) DATA 123D 

.40. C. _.r...C..111.0:AIVS....E!1RIR_TE3A3 __ __ ..._1211 
41 C 
42 25 =V(1)4-(1) 

1232 
vw  

_43 . ____ _YLLF.X1,1ilt111.1./..____ 
DO 32 J=lohc --"Iii 44

45 J 
46 . L c.1,111-I,,Iiii 
47 (,,i,,••;2)=...,v(..)) 1238--l; 
48 '(J.,;,.!3).1.*-V:4X(J A T)*OK(J) 1229 
49 fx(J2I)-F(JII) 1240 



k FORTRAN Id (vER OP.) SDuRCE LIST1WA ,,PT.0 SURRouTINE 0 4 / 1C/71 AGE 

51 !in',21.1)F,  .(:21...11,•XL1)0 /? 124 

52 iA!.430J)=-v wiJK(J)*4VV(0)mxLVOLL(4) 124 

53 '-'(1,0k1) ,:,, ,H)..M.10, 1)*LiLL(J) 
54  

• --, , _ .... .. 
55 ('3,ka)=Ri(i', ':,A ,.91-viArIA(v(j)*VV(s.1)+111/v(J)*()KN)*X(..1“)) 124 

56 1 -xL:i*oHL(J)*X(J0) 124 

)*HLL Go 12.‘c  

re 
59 C 

1?' 
.. 58 3.7 cnwrTmuE 

60 ,*c1).1.7-i.o 125 
61 *,:u,11 2).-z-t :-,1 12f 

62 - 1(:.:1,I)='( 1,I)+v w+xo-FcAAT) 1V. 

( 20._1)+1.1).- 12.! 
64 "C'.301)=C-3.1,I)+0(1),-F(NIAI)*HF(1) 12,! 

65 C 12! 

_66. DATA FL'I_S_TA.r,-;E_A_I)j5 ,•,!TLED.E..i.) FoR NEAT.  fNTRiajjgil .FAIgg_!.....r  12t 
67 --C: ',ENERATE ILFnRMATInA AND STORE A DATA IN NEXT C AND D VALUES WWCPTE12! 

._,_ . .. 

68 C THEY 8ELONG 12! 

_69 C 12( 
70 GO TO JJA (46161)  

71 4( DO 49 J=10'IC 
_74. ..... _xi d.,...1_ .3)FXL(...0 

/2(  2i 
73 C(JANI;3)=X(1,I) 

12( 

74 D(J,p1+1)=0(J2I+1)-xl.(1)*X(J,I) 12f 
75 CW3,4,3)=xLCI.) 

- 
*HLI(J)' 12( 

76 C(N3,N1,3)mC(N3AN1h3)+X(J,I)*HLL(J) - - -12.1 
77 C(0,00?)=00,0$3)+XLCO*X(J,7)*DH4(4) 12( 
78 DLN3,14,11=003pI+u-koIyX(J01)*H"k4y 121 
79 49 CrwTINUE '—ff 

P(N1,_1 4-1) = 7XLM________________________________ 

12' 80 CCHLFFil,p3),,1$0 

81. 12.  
82 c ------------12" 
83 C GENERATE THEPM0D11AM1G DATA FOR STAGE (1+1) 12' 
84 C C CONTAIS STAGE J+1) DATA   12 
85 C NOTE: THE  STAGP (1+1) THEKMCWI(NAOIC DATA WILL ,E JSED 12 
86 C frisl NEXT FNTRT IpTO EIXuP 12 
87 C 12 

88 CALL GET(I+1) 12 
89 DO 51 J=1,NC •12 
90 C(J,J,2)=V(14.1)*wKCJ) 12 
91 C(JAM22)=Y(J) 12 
92 C(JAN3,2)mv(I+1)*X(JRI+15*DK(J) 12 
93 D(JAIlx0(J/I).V(14-1)0(J) 12 _ ...._ ______ _ _ __ ._ 

4 C(1,130 ,1 ft 2)mv(1)*10(J)*HVv(J)  
5 C(43,N2p2)=C(A3,2102)+Y(J)*HvV(J) 12 

..-.96........ . . . _ . c 0 3,1, 0 2).-;c0430 1q3,4,2)+Vil+)..rwei(J.)*DHVA 4 j+XIJR.11.106..t4V.V 
97 0 (i13,1)zu0.?,, I)..v(14.1)30y(j)*Ov(j) 12 
98 51 CD7ITINuE 12 

99 ____c..(N.10.q2,2)=1„9,0 12 
I-60 P(N1,1)stif,!1,I),-,0I+1) -- - —12 
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_101_L 
102 61 G TO (71071,71,67), LDOC 
103 67 WRITE t6,1 ,?.) 1.0D(JAI),J.1,3) 

E  
1,5 C 
106 C 
107 7) qikRN 
108 END 
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1301 
1302,  

4 _t_ .r;4\1..ERT A MAIPIX 13('3' 
5 C 134, 
6 C OS Ac-E 13c;5 

_ _ 
13
13 
C7 

vo_u  T. ;IAAT.R IX i_...0A.S.T.2.131EiLlii_CatiRUIATIV4.._.A. ka....RELLAC.ED 3Y ......1.142. 
11 r ,,..,.ESULT 6.NT OvEpSF. 
12 C m " 1,q.DEQ. 2F MATRIX. A 
13 c - RESULTANT ,)ElEm1 1;11 AANT 

131c,  

14 C - 'iVtl< VECTOR OF LEN6TH N 1-3TI 

15 C M - 'el.ZK VECTQR CF LENGTH N 1314 
1.§._C_ . _015 

1316 
1317 
1318 
1319 

21 C NPFE 
22__C___ 1M. 
23 C mF %._i..., 1.i 1322 

24 C Td: :'JTANDARD G4USS.JUP7.)AN ETHOD IS USED. "rE DETERMINANT 1323 
25 C IS At.$ CALCULATED, A DETEsMINANT OF ZERO I!,4DICATES THAT 1374 
26 C THF,s. !.I.ATRIX. IS 5INGULAR„ 013 

27 C 137 6 
0.0A,A*••*•.0......0,_..,..._t_ww.AA ,...., ....i........,...,4..,..,00 ,0 ,0137 

29 C 132 
30 ri lmENSFJL A(1),L(1),(1) i32 

31 .c.____.. 13T 
32 C   ....ft.."  --13741 
33 C 1”2 
34 C  IF A 01LE PRECISION yERSION OF THTS ROUTINE TS DESIREE, THE 1332 
35 C C It CoLUON 1 S.-!;ljLD 'iiE REMI5V0 .Oh THE DOUBLE PRECI5iff -----  I3:-,C4 
36 C STATE0EjJ WHICH FH:FLLO!-$4, 13?.5 
37 C 

R 
39 C 
40 C 

::: 
35 C DouBLE PECISION AID,RIG4.HOLD 

: 

3twl 

THE C MuST ALSL:i i,::: RFYPVE nom DOUBLE Pr,ECISIEIN STATEMENTS 1335 
41 C 1PPEAC7 IN ;!THE viT;TINES-  USED IN CNJONCTIn WiTatH-0- ----134c 
42 C ROUTFE. 134] 

.44 C   
44 C  THE i)C.JULFi. PRFffST6WTOTSION FTHIS SURROUTINE MOST ALSt3 
45 C CONTAIN DDIJ6LF. PRECIS1f7M FOTRAN FUNCTIoNS* Acc IN STATEAEWT E 
46 C 10 pl)ST P.P. CHA;V;E0 TO r?WS. 
47 -C 
48C 11::: 
49 C 134 

50 C SEARC'6 FOR LARGEST ELE:mENT 1/:: 

i 

_ _.. U1. flJL N.V.U.1,iiit_22.1.1 / 70 13Doi 
2C 
3 C PNR171J5E 

a C 
9 C DESCRIPT1M4 ur PAO.AMETERS 

17 C RE.HAPKS 
18 C ATRIX A MOST :3.E A SENERAL MATRIY 
19 C 
20 C SUbRGOTINES AtiD EUNCTITIN SU3PROciRAMS REOUIRED 



A FoR.TRAw I . tvER 1..3) SOURCE LISTTHS: !V4\/ suRROUTINE 

_51_ C 

52 1)=10 
53 PK=.01 

_54. . 7.)11..8._C .1.f.= LP :' 
55 1/,,, ,x',+!: 
56 t, (': ) r.l.' 

m u.!....K 

43 KK.,:i1K+K 

59 ,,,,IGAtA( 14,0 
..60 .)Q..2..2.... 
61 61 Ilr.A*0••1) 

62 00 20 I=K A  
I ,V=IZtt 

64 1i77; IF( waStIGA)- Af3S14(IJ1)) 15,20;20 
65 15 aTGA=0.(iu) 

..6.6.... ...._. IJI)..F_.1....... _ 
67 m (020 
68 2(.) toPiTINuE 

70 C TNTERCHANGE ROWS 
71 C 

___ _Ic.I.A.K_). 
73 1F(J_K) 35.09'25 
74 25 K I micil 

76 KIPKI+H 
77 A ( Y; I ) 
7e :._ J.I...A.K.12-K.t,l. 
79 AtKI)=A()I) 
80 3o AcJi) ..;,L.,,,-) 

_____________________________________ 
52 C INTERCHANGE COLIJMN5 
63 C 
8.4 55 1=1100 
65 
96 

IF(I_K) 45,45,38 
36 wiP=0*( Li) . 

..17 ....._. ... 1,)0....4.P._,IF.10.,:c_ 
88 JK=N+J 
89 sattJP+J 

_9_0 .. _._ .___ __I'll:11..5 =....T. Li. ..11(.. ) . 
93.  ANKI=i4t,ii) 
92 4) A(J) covAr! 

_93 C 
94 C t,Ilvli) ,: CCLUMN By miTIU 
95 C C0ATAI0H) H ;IWO 
96 C 
97 45 TF(BIGA.) 4E446043 
98 46 D=0 ,0  

RETuRN 
13?) 43 00 55 ItgloN 

04 / 10/73 PAGE 

/7/ 1350 
1351 
1352 

1354 
1;5 ; 

1 3 

 

1358 

V 

in 
1363 
04,4 
1365 
1366 
1367 

__________________  
1369 
1370 
1371 

1372 
1173 
1314 
1375 
1376 
1377 
13778. 
137 
3,3PC 
3.3;,.1 
1322 
13R2 

13F4 
13'.5. 
13'.i, 
1361 
13FE 

_ — l3iL9 
139( 
1391 
1392 

T,407 'f VALUE UP 1)  1 vOT• ELEMENT 15 139.3 
1394 
13.9=t 
I.39-e.: 

IC ,_,, 
139S 
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14)0 
102 50 TK= 4it4I _14(1 
103 A(1K)st4(1K)/(i.8F,A) 142 
104. . _55_cnii..1.1a   143 
105 C 14[:4 
106 C KEOUCF vATRIX 14n5 
1Q7 ..0 14,1,6 
108 PO 65 1.21, 147 
109 IK=4K+1 14C 
10......... 

F0RTRA6 Iv (\1ER 0-) S-iuRCF. L1STIWA SUBROuTINE 

Hi 
113. 
114 
115 
lit._ 
117 
118 
119 0 
120 C 

121 C 
122 
123 
124 
.1_Z. 

126 
127 
128 C 

129 C 
130 C 
111 
132 C 
133 C 
114 C 
135 
136 
137 C 
138 C 
139 C 
140 
141 
142 
143 
144 
145 
4.0 
147 
148 
1.49 
150 

............L.PFAI.V.)...._...,........................_ 

JJ=I_i'j 
Du 65 41:11  

1409 

1410 
143:1 

IIT.I.J.+N 141? 
IF(1.-K) 60,65,60 1413 

60 1F(J-K, 62,65,62 1414 
,t2..._KAIIII,ITLI+.g.. 1415 

A(lj)=IOLD*A(KJ)+A(IJ) 1416 
65 CTI.IPuE 1417 

1418 
DIVIDE RoW By BYVOT 14115 

1420 
KJuK.-"N 1421 
7)0 75 J=1, 1422 

KJ = K4 +1 1  1423 
IF0J-Kl. 70,75/70 1424 

7 A(KJ)=A(vJ)ri0A 1425 
75 corTIrLli: 14a6 

140 
iJCT riF Prvwrs 1476 

1429 
i.,..4,'AciA 14iC 

. 

REPLACE PIVOT 0 REcIPROCAL 14-'32 
1433 

AcKK)=1,oric,A 147Pi 
60 CONTImu 1,435 

1436 
- -FT1R-A- L  P i . --ANTI CT-FLITFIFFTTIE7CITATZT-----  —  . ---- ----- ------7-711-47/ 

1436 
li.,=N 14::t7 

ln i, (t;-.i) 
......_........._ 144c 

1F(K) 15,150,105 1441 
“;5 1=0x) 1442 

1F(1-K) 129,12001CF 14.4-2 
108 JQ01\40-1) 1444 

JR=N*4 iwi ) ... 1414,E 
1-;t1 110 j=1 -IN 144( 
Jior4o+J 146 

.. ______ ._..._........______________. 144 
JI 1 =JR+... 1447C 



. FORTRAN 

151 
1.52 
153 

IV (VER L.9.') SiluRGE LISTINCA „INN/ Slip:ROUTINE 04 / 10/71 

ANK)=-Al.j.I) /71 

PAGE 

145C 
1451 
1452 

110 A(JI) =HOLD 
12,0 Jo (K) 

_154_ _19.4)2TK4_10_apIaa,..125 . 1453 
155 125 KI_K-N 1454 
156 N1-130 I=1,M 1455 
157 i:/...14-r  1456 
158 HOL0r.A(KT,) 1451 

159  JI=KI-KfJ 1454  
.69_ At.g....)=2.!A.A44..)... 145c 
161 130 A(JI) =F,y 14 
162 GC) ri 1C0 1461 

_163 150 RETURN 1462 
164 ENO —146-2 



FURTW1 IV ("ER L3) 57_1URCE: LI5TIWA .-;ET SUI:tRrUTINE 04/10/73 PA6E ( 

/?9 _... 

2 C 

3 COMMON // X(20,100)4 0100), (100)ig U(100), W(100), 
1-4iT571. 

..1... ._ .............. _ . .. .....Q.I.U.A..), AA .10a_lt. ..11Y..(1).0.),... T.,411,0,11 A P  

5 2 HFC10,0, P13 (160), OG, 01ST 146e 
6 COMMOA /C0qTRIJ 1C, NT, V)0C, NIO, MTM1,  '<TOPA 1469( 

.1- ft.1202.1 1'130 3N3 
1; e commom /DATA/ WK(20), U<(20), HVV(20), HL4(2C0p DHV(2::), 1  

9 1 DA (20), Y!20, 1472 

10  
CnqPID11 /ClEF/ Ck (.8 4.); P_PA.O.P._2.0.1,e21.Y.(.6,,..2.0.),... 14_13_5 - - rCHV6,20),CHL(6,20)'CICHL(5/20 ' 11 .1 

PPAprijije 
1474, 

!C 
2 1475 

14764 
14 I:41477'T=TA(I) 
15 SUME0.0 1472 

16 _1-.INI.1)E.0.AL... _1479 
17 HL(I)=0,1.; 
18 Dr„) 11 J=1,C 

140 
14(-41 

19 viC(J).:FPOA(T/LK.S1_,J)) .....________ . . . .. . 
20 DK(J)=E0A(TPDC101,J1) 

.147.i,2 
14T3 

21 i-IVV(J)IgEWA(T,CHVT1,J)? 144 
22 IlHVCA)41..E411.11TAPCH.VUDALI 
23 HLL01M )=A(ToCHL(1,J)) 
:e4 11 DML(J) 1427gEOVA(T,DCHL(1,J)) 

1'1-:t!:! W: 25 IF(MCODE.EQ.0 TO 19 

?.6  GO TO (19,014), MCINIE  
27 14 PRATIO:PFA/PP(I) 1490 

Da 17...411 1.ANC  
29 
10 17 DK(J)=OKWORATIO 

1492 

11.7  -31, - ---19 IT' l) .21. Os IA.q -I-C. - ---- — 
32 Y(J)=WK(j)(ji,I) 

;: 

_ 

145 
33 SuMpSuM+(J) 1144:66 
34_ 

Iti :Mit:TafIrjt111, 35 21 
36 HV(1)=HV(I)/SUM 1499 
37 C   1500 
38 C 150 
39 RETURN 1502 

40  



k FORTRAN IV (VER L”) 5,,:.!URCE LISTIW:i 04/10/73 PAGE 

1 SOR')UT1'-;Fi tJTPUT "C.  1504 
2 C . 155 
3 C 151:'.7 

.....A. ...... ....cflitaiDS_.......4../._ xL2(410).# N/Clacat.X1.1100)., U(..10).,  Wil0014, 15:7 
5 4. (.)(100), H1,.(10), HV(100)) T4(V0), F(212100), 15a- 
6 + HF(10,), PP(1,0/, QC $ 0IST 

15'i9 
e 4' NT,N ,W..3,3i43 1511 

COmMON /FFOATA/. Ng$ /qNEF(3$6), NFTRAy(6))  1,021,6)., 7.,K(2°,6/$ 1512 
QPN(6), 111(6)., PF(6), 0061, X(6), TTF(6) 1514 

CMIMON /PRIM)/ CAME(2,2,1)., X4P(20), RHO(2n) 1514 
COMMCN /FIX/ EK(f00 1: 001, Z(20 ), XX( In,1 0, IAA(2,9), r 150 

* " 2/9)1_1.cc..(_2/9.1e_Rif141t_S11),___SPH19)_454.5 
it + OIGT9), TEMPO), QQ5(9), NTT(), ANN(9), 1547 
15 + 1..0p(2577) 151s 

0A04.2NApciqb2o),CHy(6.020), 1519 

17 1 DcHv(5,20 )AcHL(6,20),Dc1405,20 ); 
18 2 PPApw...r&E 

fb121 I)TRII_N.r  

20 DATA NouT /6 / 
21 C 

1/ 0  
23 Foma(2) PFEE01.0 WI 1 /, 
24 cm1B(2) pumBI A IINE01 /1  
_25_ - - __ma-144 
26 v4P(2)-  /1  vol,loR !IA  
27 m(2) /' ;o7yromsli; 

S SAD12.). / SS 12 0  _Na 
29 C 
30 C 
31 WILK=0 
32 TA(1)=TA(1$4-AaSMS) 

9 

11 
12 

1520 
1521 
1522 
1523 
1524 
15_?! 

TRN0(2) /'TRW' Mn 1 /$ 1526 
F1'(2) /' Fil$IFD //$ 1527 

_Lt 
pRot,(2) /' pRololpoctli, 1520 

1530 

1532 
1533 
1534 
15” 

13 Do 1 0 omplo,,T 
34 PRATILID.1,P 
35 IFCMC1DE.E110) Go Tr1 8 
36 (.;0 TO ( MCODE 

6___P_RAM=P.kAIPT..0) 
38 $ T4) 10 jalljo,C 
39 10 Ek  (J/N)PEQOACTON)/CK(1.0))*PRATIO 

41 C 
42 WRITE (Ni..!UT$201) 

.1.1...EZ.E.L1 _ANIL '?..14,00lici S tiS.1  J. Li 
44 c 
45 ASSIGN 15 TO INDEX 

47 11 040 
4R W) 12 %/1s9 
49 SUV,M(4)=00 
50 

1537 
1538 
1539 
1.5.!t_O 
1541 

:1542 
.15113 
1544 
1545 

-1546 
•  1547 
154•  8 
1549 
f556 
1531 
1552 
1553 



FORTRAN IV (VER L30 SOURCE LISTING! TPUT SUBROUTINE 04 / 1072 PAGE i 

i 5.1,WGU)...p.9 /26 1554( 

52 0. ,74 S(J)00.0 
1/5555:: 53 

.54 .C. 
TEM(J)= 7) 

1,557; 

55 rTT(J)LAK 1556' 

56 NNO(J)=Z;LArK 1559 
.57 ______IODIJ1Ls_ 
58 DO 12 Iml,NC 1561 
59 12 XX(IpJ)*000 1562 

60 C 
61 
62 
..63 

DO 13 J=1,2 
DO 13 ImIAQ 
JAALIPIA!BLANK_ 

1564 
:: 

__1”6 

n 
/68(J,I)mRLANK 

13 ICC(.41)A. DP.A 0( 
1567 
1568 

6.6 _C 1369 
67 GO TO INEY, (15,41,47'61,70) 1570 

68 C 1571 

..69 C _CALCULATE__SEPARAIE_FEEPS. ___1512 
70 C . 1573 

71 15 00 17 N=1,NE 1155;4 
5 12 ,. 

7 '3 
X—E*1 
CTKAY(0) 1576  

74 CALL ALNO 1., M (41TT(K)) 1577 

75 CALL ALNUM CLOW1(k.)) —15.76 
76 00 16 1:1ANC 1579 

77 16 XX(I,K)=7.F(I I N) 15n 
7e summclostzFcNI,) 
79 Tpq(K ) .TiF() 152  
so 0i4S(K)..0Q(N) 15q:' 
81. DO 17 Jmi..,.2. _WA 

82 IAA(J A K)wFDNO(J) 155 

83 17 ICC(J00=TkNO(J) 15Of 
84 C _....._ 15C,  

85 C CALCULATE TOTAL FEED --- oNLY IF MORE THAN ONE FEED 15.‘F 
86 C 
87 

88 

IF (!iFf,E0.1) GO TO 30 

K=K+1 

15:C 
159( 

i 41 '59( 89 t',0 11 1.11,NIF 
90... 
91 

51(1q1,5phM(Ki+50M(N) 
C405(K)=S(K)+00() 

1591 
-------T.5714  

92 PO 19 ImisC 159! 

_93 
94 

19.  XX(.14S) 2 XX(I A K)+XXCIAN) 
00 20 Ju1s2 

159( 
159" 

95 IAA(JAK)=COO(J) 15C4 
96 20 IW(JAV)=F(J) 159 

97 C 
9d C CALCULATE OVERHEAD DTSTILLATF ***VAPOR*** 16C: 
99  C  

100 30 IF(V(1) .000) GO TO 39 
 



pAGE BN FCIRTRA;1 Iv (Vi L3:) SnuRCE LISTIW! TTPUT SuROuTIE 04/10/73 

102 KW.:00t1 1605 
103 DO 31 ;=1., 'C 1.606 

)*v fa) ..,........11,;?c!.7.  

in 
sipm(K).-(1) 
TElp(K)=TA(1) igsl 

1.07. __ _„sAKTFsIsmI(K)*141..()) 
TT Oa DO 32 .14:1,2 

109 IAA(JAK)=OVHD(J) 1612 
11,0._ ..... ...........IZIAJAK1 0/t.P...L1 / 1613 
111 32 ICC(J,K)=piOD(J) 
112 C 

1614 

113 C 
1615 

114 C CALCULAT5 SIDESTREAMS 
1616 

115 C 1618 

117 DO 58 tim2AVP11 
 

118 C 
1670 

119 c *** LIqUlD SIDESTREA;•'IS *** 
120 C 

_i_

1166675; 
121 IF ( AM),,,E.0•0) GO TO 46 

16 
-1-22. IE. CKALL.T4_9..) .. G.a. TO-4-1 
123 ASSIGN 41 TO INDFX 1625:24  
124 Go 'T..1  (54  

. 
.16i978 12_5 .______41.. 

126 00 44 121, *..0 
127 44 xX(Ipto:- ( L )*x(ipm) 

.4.2a... 

1630 
..._.._. ._...S_Utitlicirv. ( ..).. 

1.29 r,V)sCK /si--;1,.(:1)*Ijoi) 
DO 45 J 

II 
=1,2 

.1.0i1 

:I  130  

132 GO TO 53 1635 

11 
133 C 
-134 C *** VAPOR sIDESTREAMS * 
135 C 

** 

1
.66.
6:

ti 

136 46 IF (Wft),,E0..0) GO TO 5,, 

______I F.—...(K, • Li 49.)_feij Ta _43_ _____ 
1639 

.137  1.66:  
1.38 ASSIGN 47 TO INDEX 
139 Gri To 64 1642  
140 47 +.1. 1043 
141 DD 49 1=1...f..!C 1644 
142 49 XX(1,K) ,XCIA0)*EK(I,1) 

6 1
43 ..........____IQAMAKPIA^LULL 
44 OQ10V4 S(x(1)*HVCMC 3. 

145 DO 52 Jox1,2 
11-664444; 

146 52 IBBOPKI!Wij) 
147 C 
148 53 CALL ALHUM (1.1. / wri(v.)) 

iiir  
65 

149 CALL ALNIJO ( (4.2,Wi0INCK?) - 116521 
150 00 54 J*112 —1653 



FORTRAN IV (VE4  L3;..,) $DURCE LISTINiA c1TPUT SUFIROuTINE 04/10/73 PAGE ( 

J51 _ _ 14AWALK/F$N0(4) oe 1654( 

152 54 TCC(J0K)=TRNU(J) 1655( 

1VE
TEvP(K)=TA(M) 

____58.CaTI"U 
1656i 

155 C. 
1657( 

156 C EALCOLATE OTTI:IMS 1659( 

158 IF (K,LT.9) SO TO 61 

159 ASSIGN 61 TO INDEX 
1661( 
1662r 

_160_ _GO 10.64 
161 61 K=K4.1 71.164 
162 31) 62 al.v‘ic 1665. 
16.8 _____62jc)(IIIKIF!XII, T)*XLINT) 1666,  
164 SUMM(K)=XL(NT) 

itg. 
_ .... 00$00.stimo(K)*HL(T) 
..T#00 :1,0i) E,..1 

1667' 

i16(8
_  

167 011 63 J=1.0. 
168 IAA(J$K)=RTH(J) 1671 
169 63 TB3(4,K)0k01)(j) 

1771C 
ASSIG 7r Tr) INDEX 

172 pI C PNT nOT !)AIA sUMNARY _____ 1676 
173 C 

iegi; 

174 64 '0141.<  1677 
175 C 1678 
176 4RITE (WioT,111) ((IAA(NA K),N=1,2),NNN(001 ,1,0 4 
177 111 FORMAT (14X,2744) . 1r90 
17.8 (41z i IE. ..( MUT, 112.) . 1 LI15_4,1,_1()...p_Niall.2 ) • K , Lidlia... 16E/1 

179 112 FORMAT (15X0(2A4,0)32A4) W2 
180 WRITE (NIUT,111) ((ICC(NR(),=1,7),TT(K),Kn1oNL) 1683 
181 . _WRITE_ 

CfM 
SJ ;JP tq 944 T,113) iiDlIc l.i41,,) 

182 fil -FQRHAT ( 1 rDMUTI 7x,44, 00y,A4)) 
1634 

183 00 65 ifi1pi4 
1,84 65 ''',IP,1TE _l_NnUT,10.21). _ .1..CWIE.(K,101....).JK:11A 1667 

. . ---= 
alp.A.XX(J0),K1111,1-1 

165 121 FORMAT ( 1X02A4.01)0912.0. ) 16(ig 

1P 
C . 

lee 
17._ ( 

I 
01:1T,123)_(51.(Kmi!NI..). ___

Ai T'OTAL1 4X/9F124,4 Y 
tga 
-16171 

169 OD 67 K=isA 16C,2 
190 OD 66 I.:),HC 

 191 - ' FAC=XX(1AK)*xmw(1) 
SWP(K)=sW(K)+FAC 

3 66 0,1!- G(K)lisUOK)+FAc/RIA!(1) IP 1.6,5 
16':•6 

194 67 cmS(K)uf;:iz5 .(K)/1000,0 
195 ARITE (1UUT,124) (SVP(K),K=10140 In 
........L.24 FoRMAT ( IPO.UHUSI 3X,OT120..2. ) 1699 _ 

197 wRITp (riUT,126) (sOG(K)0<=1,NL, 
198 126 FNMAT ( 1  GALLTIS 1  2X.P9r1R,O. ) 

---1:71, 199 ,,p1RITE (N)UT.,128) (0Wi(K),Km1AML) 
200 126 FLikilAT I ° () Ci." Mkir!J 1  2X/9F12•3 -1-- -- — - 170 



FORTRAm IV (VFL L,3) 5;.1)*.CF LIST1c TPUT S(PRWTINE 04/10/7s PAGE 

._.2.01.___ ,._..4U.T.E_IN.J111,121)__ITEJIPSKIA.FlAnid.._  /27 
202 129 FDP.mAT ( 1 0TE )0 700 F1 29F12.92 ) 1725 
203 C  

 1704 

17r.'!6 
_204 6FA11(.=Ltiakcti   _._ 1707 
205 Gfl r.) (8), NwLK 
206 C 11-17(1: 
Z67 . f0 wRITE Ti. ____.___......._.  

208 136 Fcm.mAT ( III // ) 
1710 

1711 
209 Go Tr 11 1712 
21.Q....C.... .... ... .7 1713 

211 69' wiiTiE (W21UT,137) 1714 
212 137 Pr)RMAT (////) 1715 

3 rt--- 
_ ii.L.,_ . .. 

E G, T, 11 131 
215 C 1718 

.....21.6.. .C., . .. ._.. ..c,..A.L.C.1.!.L.ATE. ..AN...RINTLITat ......T.R.4._.$14.1t.J.ARN 1719 
217 C 1720 
218 7U wRITE (NI3UTA140)  1721 

.....2.1.9 .._......14.9....EntiAT..i.......11.1  ..10X ....! N.E.T.......L.N.U10. 11R.AE4Y.1 NO....1 AC H 3 TAGE 1  /1 ) 72 
220 c 7Z 
221 Not4 1724 

__LW .._..22.2_ .____.-_ 7_1...1.ik 
223 71 SUNiM(J)810).,) 

1 224 C 
.225 .. 

174; 
1728 

226 KERN 1729 
227 IF(PL+NC+.9...LT458) GO TO 73 
228 'Ailk.I.T.E. (NoVT/14().j 

1730
1 7;1 

229 mL=4 1732 
230 C 1733 

73 IF_JN#E0aNT *AND. ,T,,i1E„,r) GO TO 74 

232 .RITE (NDUTA142) K,TA(14)A pP(N) 
1714 

1735 233 143 FoRmAT ( to TRAY Hill ii,..5x 1TEp, F/ F.2,15X IPRES5, PSIAI Pis2)1736 
4.. ciU _ 3117 70 17__32.  

235 74  AkITE* UT,144) TA(N)PP(N) 
236 144 klRMAT ( l') RERGILFRI ''X °TEMP, F 1  F112,5X 1 PRE$sp PS1,11 FF,02 ) 1M 

. 1740 
23e 76 AIT  E CUT, 349) 1741 
239 149 FORMAT ( 2X 7(1- 1 )2 1 vA0R 1  7(1 -. o)sB( 12(0- ;),100111D1 12( 1  -1 )1747 

_240_ . 4„/ 1  IAD _110121  16:x 1.101-$1 7X 'LS' 6X 1M ' 6x 1;,q yl fiX /WAS,  1_743 
241 + 7x 1 LE,51  6X 'GALS' 0 '. L' 7X IWT%1  5X i'VOLAI 7X 'K-!TA..' ) 1744 
242 C 1745 
243 DO 77 ,011/7 1746 
244 77 SUMM(J)=00 • ].747 
245 SIPIM(3)=100.0 

__20 N104-1(11..0_ 
1748 

247 S.11„=0.0 
248 SIV=0,0 

ST=0.0 

1750 
1751 

249 1752 
250 !7;'[.1  78 Ii,C -11.-631 



FQRTRAN I‘i (VER 0--3) $00RCF LISTTN(J TPUT sUrAnuTINE 04/10/73 PAGE r 

252 78 xx(1,J)10,0 . . 
: 

1.755( 
253 C 1756( 

5 Z(1)=EK()*X(IAN) 
1757 

25  
254 Dr./...TL1,0 1,C 

256 79 51PimSuMv+/(I) = 

258 FAc=V( • )MJ!IV 
 

.2.6V___111_511..(2).!SU.0(2,Itxx(Ii2? 

2_66 

FAC=100pc4SOM(1).  
FP.Cwiposto/SIMM(2) 

111:1 
7777:
7 

263 

250 Lo 81 1=1 isx 

262 sm,M(1)1151(1)+Xx(IA 1? 

1763( _26.,  .._ XXiipi)=4_iitFAC 
261 Xx(Is2)scxX(I,0*xmi.4(f) 

264  

Po .83 L=10;4 
267 
268 8'.i XX(I,4)stXX(I.,2)*F8C 

1770' XX (14,,,x(1,01)*FAC 

271 XX(IR5)11X(10H)*WA 

1772( 
17”' 

269 C 
270 85 ..)0 37 I.I..1. 

XX(I,7)=:(cACIA6)/RHIA(1) 
-11
iii

456. --cii- .. . . _... ...._.... .XX_( 1...".6-1.1.11.3 1* X I.4 Ii.i U I.  

VM4W(6)+XX(I#6! 
11:7i 

275 SU(6)=SL
274 sumH(5)=su 1(5)+XX(I/5) 

276 sufrim(7)25umM(7)+xX(1#7) 

278 fACE1000J5,0M151  
277 e7 xxcip131zEKCJ,N) 

279 racu10o.oisumm(6) 1782 

289 FCC',  cme6/sUMn(7) 17.J3 
281 Do 8. 1=1,C 1754 
2S2 1785 
283 

Xx(1/8)0xx(1,5)*F c 
Ax(1,9)=XX(I,6)*F,C 1796 

284 81' Xx(//o).xx(47)*FCC 1787 
285 C — 1744 
286 'ARITE (NouT,152) (1,(Cr4E(K/I),,4=1,2),(XX(IsK),K111,11),ImloNC, 179 
287 152 FoRNAT ( Ili2X 2A4, F11,30F1e1A7F10.4, F12,3,2F1361,3F1.4AF12.5)1790 

288 WRITE (UT i3 (SUMMr10,"1410) 

291 IF (v(k).E.o,o) c;f:; IT 91 - — Trffii 
292 vm=sulvi(2)/summ(1) 1795 
293 SWIs"V(4 )44 q('J) 1796 
294 91 x0w=SuMr(6)/SWV(5) Troi 
295 itIEN=SUMN(6)/SOW1(7) 1798 

296 5HOWL(N)84xL(A) 17T9 
297 likITF ('UT 161) vAW,shv XLNP.:020FN,sHL — — -1--F5-C 
295 161 FORMAT ( '0 1  6x i\NYOR MI, x/ F7.35x IVAPIIR ENTHALPY =I F11,00 1 18o1 
299 +U$; / 6X ;LIQUID 11 .; F70,5X ILIQUI0 LP/GAL :1 F7,3,5X ILIcWID E189i 
300 ,OTHAUY.  mi F1101 /  BITS/ / )- 187)2 

289 153 FEIRIAT ( TnTAL,  ax F10'34,F10,102F10,4, F12,3,2P10,1,3F10,4 ) 17t)2 
290 v;e1,0:0,0 1793 



FnRTRAN IV (VER Lan) .51_JRCr 1.I$T1W4 1-PUT SW,RnUTINE 04/10/73 PAGE 

302 98 NL=44L-0+:t -1405 
303 C 1806 
1.._ Lru:.,  1311 
305  



OPTRAN Iv (vER 06) S6uRCE LISTINGg SuRNTINE 04 / 10/73 PAGE c 

2 C 181.0.c. 
3 C TH/S suaROuTihE DEVEL0PS INTEGER EQUIVALENTs nF NumrERS 1311C 

— 4..0 .. - _ e.0:.L.f.) TO. 9.9$___L.E.FIAIATIFIED wITHIM 4 MU!** TIELD0  
5 C J., N s  1,L;i-16ER To qF CnovERThO, mm = INTEGER EovIVALEHT$  
6 C 

iili. 
8 C 
9 C NOREk IS 9 OR LEsS',. 

_....W.0 _ . 
1:1CA 
1816( 

11 1 mm=-26435456+NN*16777216 18I9( 
12 i4 ETu0 

...13.. 
1820( 

C._ 
 

__18z1c 
14 C iirJwqR IS BETwEEM lo AND 99$ /NCLUSIvE$ 1822( 
15 C 
16 2_ risiff1/10  
17 1.„--.M.10 1825( 
18 1010-252690368+M*1677721641,*65536 
19 ETuRA 
20 C E 

_______R 
i 

21 END 1;329( 



APPENDIX IV 

183 



FORTRAN Coding Form 

PPOGPAm Simple Absorption - Data File Example PUNCHING 
!NSTRuCTIONS 

GRAPHIC 

PUNCH 
PPOGRA6tmER R.J. Lukach DATE March, 1973 

STATEmENT 
NJ EATER  u 0 

• 
FORTRAN STATEMENT 

1 2 3 4 5 6 7 8 9 !0 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 76 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 a 49 59 51 57 53 51 55 56 57 58 57 6C 61 67 63 64 65 66 67 

f .  r • C.' 11) i.- 

S 

0. 

-• 
1., 

0 • 

-. tiotiAir•11, 
. *1. 

0,) .Y' 

otiF - 
.1:,  

i 

St 
; 

tlei..6 

. 

fl >3 

2- 

: i ; , 

.:5 e (zer 

: 2 I..) 

: ; 
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Problem Number One Simi) Absorption. 

An absorber containing 20 trays (efficiency 20%) 

operates at 60 psia and is fed a wet gas at 90 degrees F 

with the following composition: 

Comnonent Mole Fraction. 

Cl 0.285 

C2 0.158 

c3 0.240 

n-C4 

n-05 

0.169 

1.000 

The lean oil has the properties of normal octane and is 

fed at 1.104 times the wet gas rate. The oil is at 90 

degrees F and contains 2 mol per cent n-C4 and 5 mol per 

cent n-05. Estimate the recovery of each of the gas 

components at the oil rate given and determine the 

product rates and comnositions. 

Initial assumptions: 

overhead vapor - 51.78 mole/hr 

top temperature -95 degrees F 

bottom temperature - 110 degrees F 

column pressure - 60 psia 

wet gas heat content - 1.288 MM Btu/hr 



lean oil heat content - 1.655 MM Btu/hr 

187 

Source -Smith p. 266. 



1,0000 PROBLEM NUMBER ONE - SIMPLE ABSORPTIoN 
2.0000 4 6 2 0 2 2 20 2 4 1 

_30000 _04_0 J.5.1,4.7a 
4,0000 95,0 lto's  
5,0000 60. 0,0 

-6414- 1.4288 
7.0000 28.5 15.8 24.0 16.9 14,8 
80000 LEAN OIL 1 60, 90. 1,655 0,0 
9.0000 _.0.1/ 0.0 _2.21. 5.52 102÷67- 
1090000 METHANE 16.042 . • 2,5: 
11.0000 ETHANE 30.06 3.144 

2 ADO 
13.0000 N ;IUTANE 58.12 4.865 
14.0000 NPENTANE 72..146 5.253 

_ 3  
16,0000 90. 110. 
17.0000 60, 65.  
184.0 00 
19,0000 7,4 8.1 
20,0000 2.55 2.95 
21.0.000_..._....._.06. ...... 
22.0000 .242 .32 
23,0000 .0125 •.019 

.0 00D 
25,0000 14.7 14,7 
26,000o 5610. 5800. 
27,0000 42.00. _450a.. 
28.0000 10000. 10230. 
29.0000 6600. 7300. 

/19.2.0J1,_ 
31.0000 7200, 7550. 
32.0003 17900, 18400. 
_310000 3890 _96004_  
3490000 21900, 22400 • • 
35,0000 10600, 11400, 
3 6 _•_.0 0 CL. .1249D4 2akno. 
37.0000 15000. 16200. 
380000 slobs 
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Problem Number Two - Intercooled Absorption 

A wet gas and lean oil are - feed to an absorber 

operating at 50 psig with the feeds entering at 90 degrees 

F. The feed compositions are as follows: 

Wet Gas Lean Oil 
Component Mols/Hr Mols/Hr  

Ca 10 

C2 30 

C3 40 

C4 30 10 

C5 10 50 

C6 15 

C7 5 

Total 120 80 

A portion of the material in the oil is stripped out and 

is lost overhead. Intercoolers are used on two stages. 

Initial assumptions: 

overhead - 79.93 nols/hr 

top temperature - 102 degrees F 

bottom temperature 94 degrees F 

column pressure - 64.7 psia 

wet gas heat content - 1.667 MM Btu/hr 

lean oil heat content - .886 kM Btu/hr 



intercooler load - .1251AM Btu/hr 

Compute the off gas and the rich oil rates and 

compositions. 

190 

Source - Edmister p. 57. 



39,0000 PRO3LEM NUMBER 
40.0000 4 7 
410_000 

TWO . A6 SORPTION WITH INTERCOOLERS 
2 2 2 2 20 2 3 

1_9.4.93 
-944 • 0.0 0;0 

0.0 

2 

42.0000 .102. 
43.0009 64.7 
44.0000_WET_GAS_ _40. 1.667 UAD. 
45,0000 10. 30. 40. 3C. 10, 0.0 
46.0000 LEAN OIL 1 65. 90. .886 0,0 

0,0 AD4 
0.0 0,0 48.0000 2 ..125 

49.0000 3 0.0 0.0 .125 • 

51.0000 ETHANE 30,068 3.144 
52.0000 PR'1PANE 44.094 4.22 

54.0000 PENTANE 72.146 5.233 
55.0000 HEXANE 86,172 5.526 
564_0.00.0_AERIANI 100...19.8 5c72t__ 
57.0000 
55.0000 

_59.00.00. 

90. 
65, 

120. 
65. 

60.0000 7.47 9.32 
61.0000 2.278 3.12 

63.0000 .219 .361 
64.0000 .0731 .1311 
650000 ,0256 .004_99.  
66.0000 1 90, 120. 
6700000 65. 65. 
680000D _55.61.7 
69,0000 4343.4 4671.9 
70,0000 9837,4 10255. 
7.1.0.2W 
72.0000 13307.1 13989.5' 
73.0000 7228.0 3191'.9. 
__74_0909_16.459.1.6_114.60,1 
75,0000 8859.8 9959. 
7600000 19110.3 20433. 
77A000D. _10475_11_ 
78.0000 20797.3 22482.7 
79.0000 12002.6 13503.4 
80,0000_ 22.500...6...._2452_4_._ 
81.0000 13515.6 15194.9 
520000 $104 

9/ 

0,0 
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Problem Nnmber Three Steam Strinping 

The rich oil produced in Problem Number One is 

stripped with steam in a 12 tray column (20% efficiency) 

operating at 45 psia. The steam is superheated and enters 

at 290 degrees F at 45 psia, The oil enters at 250 

degrees F. A steam/rich oil ratio of 0.1 will be 

assumed. 

Initial assumptions: 

overhead vapor - 23.5 mots/hr 

top temperature - 250 degrees F 

bottom temperature - 290 degrees F 

column pressure - 45 psia 

steam heat content - .221 MM Btu/hr 

rich oil heat content - 3.7 MM Btu/hr 

Calculate the rich gas and the lean oil rates and 

compositions. 

Source - Smith p. 271. 



83.000• PkaaLEM NUmBER THRFE - STEAM STRIPPING 
84.000w 3 7 2 0 2 2 20 2 
95.000i) S.4 ,-23-45 
86 . 0000 250. • 290. .0.0 0'0 
87 , 0000 45, 0.0 . 
88 0_000 _511E...0 ..3._.-.-__.......__45.e_._-2-9.0-,-- -e-22.1 -0..-0. 
89.0000 0. 0; 0, b. 0.  0. 
90.0000 KICH OIL. 1 45. 250. 3.7 0 . 0 

__91.0000_1411ta_____2..._007_____11.A8:44 -17.-91/ 19.-508 -----401-0-8-1-5---------0-.-0- 
92 0000 METHANE 
93.0000 ETHANE 

. 
95.0000 N BUTANE 
96,0000 NPENTANE 

FILL 
98.0000 STEAK . 
99,0000 250. 290', 

101 0000 80. 81, 
1020000 26. 30. 
1030000 __la... 14.5 
104 .0000 5 . 4 7, 
105 o 0000 2,5 3.5 

107 0000 68, 71 
108,0000 1 250e 290, 

j.99. J0Q0Q____ 
110 . 0000 7100 .7500 
111 0000 6200 6700,  

1160A._ 
113 0000 8700. 9300. 
114,0000 17000, 17800, 

.115,0P00_ 
116 0000 21500. 22800.  
117 , 0006 14500. 16900.  

._....1.13.._000(_._._  262_00..._ 
119 17300. 19300.  
120,0006 40000. 42200. 

. 121., 000.0. 
122.0000 21000, 21400.  
123.0000 3600. 3920 • 
1244000 :14;4 

2 3 

16.042-  2,5 
20.068 3.144 

58.12 4.865 
72,146 5 .253 

18. • 8.91 
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Problem Number Four - Simple Absorption 

A 30 plate absorber (20% efficiency) operates at 

60 psig treating 18 x 106 scf (atm and 60 degrees F) per 

24 hours of the following gas 

Component 

(1975 lb mols/hr). 

Mole rer cent 

Ci 83.0 

02 8.4 

3 4.8 

i-C4 .9 

n-04 1.7 

1-05 .4 

n-05 .8 

100.0 

The tower will he supplied with 300,000 gallons per 

24 hour (534 lb mols/hr) of a denuded oil having a 

gravity of 40 degrees APT and an average molecular weight 

cf 161. The tower will operate at an average oil 

temperature of 90 degrees F. 

Initial assumptions: 

overhead vapor - 1906.46 mols/hr 

top temperature - 90 degrees F 

bottom temperature - 90 degrees F 
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column pressure - 74.7 psia 

rich as heat content - 13.82 MM Btu/hr 

lean oil heat content - 3.45  MM Btu/hr 

Find the recovery of each component in the wet gas. 

Source - Edmi ter p. 44. 



125,0000 PlELEM NOWEER FOUR SIMPL E ASORPTION 
126,0000 6 8 2 2 2 23 2 2 1 

128.0000. 90 90. . • 
129 .00Q0 .74.7 . 0.; 0 . 

.130.4.00.00 ...W _040 
131.0000 16?9.2 J65,8 94.9 17.8 33:53 7,9 15.9 
1.7.2.0000 LAL 1 74 7 90 • 3,45 0.0 

_040_ 
14,0000 . MET.H-ANE 16.0422:5 
135,000.0 ETHANE . 30,06 .. 3.1.44 

_136. 0.000... R.R11.P.ANIE _ 
137,0000 I BUTANE 58.12 4.6E6 
133.0000 N 6UTANE 58 .12 4 . `365 

1.40 • 0000 NPEIITANE 72,146 . 5 .253 . 
141.0000. r3IL. . . 161. . 6,87 

...142 

. 

158.0000 :f 12950.. . .13650. 
.159.0000 6050.. 6850. 

. 1.60 0000... ...._ 
163..000. 7650. 6700.  
162:000(.1 161004 17400 

164. 0000 . 19500.; 2.0300, • 
165,0000 9830, 9200, 

. -166 00.0.0... 2020.0, - 212.004-- 
167,0000 6500. 10100 
168.0000 2?P09. 31400. 

170,0000 $$$ 

143,0000 
144,0003 

146,0000 
. 147 , 0000 
_148 a 0000 ......_....._ 

. 

75. 
34. 

1,4 
.35 

75. 
39 

1,96 
.82 

149.0000 .155 .25 
150,0000 .125 .2 

152.0000 3. . 60. . 90., • 
153 , 0000 75 .. 75.*  

. 154.0000. _5.900.... 
155.0000 4100. 4500. 
156,0000 9600. (.7.950, 

0,0  
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PROBLEM NUMBER ONE - SIMPLE ABSORPTION 

iMPER OF TRAYS 4 
NOmER. or CLIMROVENTS 

NUMBER OF FEEDS 2 

NUMBER OF Kr.DATA POINTS 2 
__NUMBER OF 

NUMBER OF ITERATIONS 20 

aR CODE 

4 

COLUMN TYPE 1 

OVERHEAD VAPOR. PRODUCT, MOLS/HR 51,780 

INPUT TEMPEpATURE4 DEG F  
TOP TRAY 95,0 
IOTTOM TRAY 110,0 

INPUTMESSOKES; PSIA 
OVERHEAD 
TOWER DELTA P 
TOWER TOP 
TOWER BOTTOM 

60,0000 
0- n000 
60.0006 
60.0000 



DATA. ON COMPONENTS 

NAME MOL WT LBS/OAL 

2 ETHANE 30,060 3,1440 
3 PROPANE 44,094 4.2200 
4 $uTANE 58.120 4,3650 

NPENTANE 72.146 5.2530 
.6 OIL 114.224 5.8830 

/71 



MAIN COLUMN K-TABLE 

T URE _f 
PRESSURE, PSIA 60;0000 65.0000 

METHANE 37.00000 39;00000 
ETHANE 7;40060 8.10000 

................EKRARE..______,.. _..1.55110.0.... _.2.01011_.. 
0.76000 0,93000 N BUTANE 

NPENTANE 0;24200 0,32000 
__.... WI._ ..... o'Aizso 



ENTHALPY TABLE 

TEMPERATupE, F 
PpEsSURE, PsIA 

10_00 
14.7000 

110:00 
14,7000 

VAPOR, BTU/MDLE 
mETHANE 

— 
5610_0 58Q0_0___ 

ETHANE 10000.0 1025060 
PROPANE 138500 14200.0 
N BUTANE 17900'0 184004 
NPENTANE 21900.0 224000 
nIL 32400.0 33400,o 

LIQUID, BTu/KOLE 
METHANE 
ETHANE 

4200.0  
6600.0 

4500.0 
7300.0 

PROPANE 1200.0 78504 
N BUTANE B$50.0 9600.0 
NpENTANE 10600.0 11400,0 
DIL 150NAP  16201/0_ 



2.0 L. 
INPUT FEED DATA 
FEED MD .i. 2. 
FgEu NOW W.ET CAS _L..AN_On_ 
ENTERING AT TRAY NU 
COMPOSITION,MOLS/HR 
METHANE 
ETHANE 
PROPANE 

__NAV_INTE_____ 
NPENTANE 
OIL 

TOTAL 

TEMPERATURE, F 
_PE.MR.E,__PSI_A____ 

4 1. 

211650  Q,00 
15660 .0,00 
2400.  0.00 

_ __:_..L 21-_ 
14680 5.52 
0,00 162667 

100,00 1i0.40_ 

95.0 90,0 
- _6060.0_00__ 66 '4)0.0.0___ 

HEAT CONTENT, BTUS (CALC) 
HEAT _AT US 1 0.1 V El) 

ADDITIONAL HEATi BTUS 

HEAT CONTENT, BTUS (INLET) 
TEMPERATURE, F (INLET) 

VAPOR, MULS (INLET) 
LIQUID; MOCS (INLET) 

0. 
1.2.01.00.a_._ A_ 

0. 

1288000, 1654999, 
96,59 95,70 

100.000 06000 
0.000 116.6400 



      

2O3 
CALCULATED VAPOR RATES 

     

51,780 76;819 101;657 126.896 

CORRESPONDING LIQUID RATES 
99.560 119;113 138.867 158,620 

CALCULATED TtMPERATURES 
95..000 100;000 105.000 110.000 

LIPOID CntirOSITIONS,MOL FRAcTInN$ 
TRAY # 

HETHANE 
1 2 

0:04981144_QA03544811, 
3 

QA2610,39 
4 

AL0201211.Q..._ 
ETHANE 0.21202391 0.18794030 0;14059153 0.10623455 
PROPANE 0.34662634 0.44774753 041159320 0.33089966 
N BUTANE 046874756 0.20847487 6367.24..118 0“3.2118155 . 
?'PENTANE 0.04613956 0.06500557 0;17115996 0.66132154 
rill, 0;75965041 •0.64254308 0;56703895 1.27425570 
TOTAL 1.50300590. 1:58515930 1,70354270 9,01441950 

REDOILER DUTY, BTUS 0 



_ ti.NSMED,;OMPUTEP CURRECTIONS,DL"DV_.14TRON STADE 1 

-8.39388E 00 -8.46500E-07 8,52031E Oi  

ONSCALED COMPUTED CORRECTIGNS'ADL"DV.DTAN• STAGE 

709758E 01 .4.45572E 01 -2.42371E 01 

UNSCALED COMPUTED CORRECTILAS,DL-DV-DTAON STAGE .14 

..11.9.4.7.6.of 01 3.7.5222E,_  of 4:25.19ht_oo_ 

UNS~ LED .OMPPIEO. WRRtC.T3.110,.04,71PIT_PTAN STAGE 4 

^6.32099E Of 1,46506E '0 

c) 9 



toss  

LINACAIJ.P 

9.09661E 01 5,16951E 01 1,80203E 02 

CORRECTED L'..V•q USING UNSCaLE0 CDRRECTIONS PN STAGE 2 

—1;9864iAA2 3.22615E 01 7,57629E of 

CORRECTED Lrfkb.4 USING UNSCALED CORRECTIONS ON STAGE 

E 09480:02 TA:0794:E 

CORRECTED E.•.v...T USING ONSCLLED CORRECTNNS_ON.STOF. 

1,58705E 02 6.a6860E 01 1.24651E 1)2 



Zes 
ITERATION NUMBER 1 

SUM 0T SQUARED_ B014.021000 
DT MAX 85,203125 
MAX DV/V 0.580031 
MAX OL/L 0.663031 

CALCULATED VAPOR RATES 
51.759 65,679 )41..202. ___111.199.3 

CORRESPONDING LIQUID RATES 
A4.1 

CALCULATED TEMPERATURES 
.10.5A659_ 96.097D. . 

LIQUID COMPOSITIONS,MOL FRAcTIoNS 
TRAY # 2_ 
METHANE 0.01797779 0.02340372 0;00875023 0.00764510 
ETHANE 040579991 040616950 0;04524532 0.03107982 
PROPANE 0.17296654 0.246080 0;16961426 0.10135141 
N BUTANE 0,04428503 0.08749187014658689 0.16041285 
NPENTANE 0;04005245 0.03810142 0.07805252 0.17059964 
IL 

-- TOTAL 
0;78668165 
1.16776270 

0.50133634_0.55606157 
1.00310140 ir.00431060 

• • 

0.5313790 
1.00246900 

REPOILER DUTY, BTUS 0,0 



UN SCALED COMPOTE Q CORREC 014$40.1tr.PY,Mb 

3074524E 01 5•59719Em01 5..58920E 00 

UNSCALE0 COMPUTED C0RKfCTIONS001.14V.,41 TP0N STAGE 2 

-3.07002E 01 — 1.69331E Oi 4.71373E 01 

UASCALEO COMPUTED CORRECTIONS,D1....0V..DT,1JN STAGE 3 

1.00a7c;E 01 iob ttle35E 01 1;73487f 0.1 

UNSCALED COMPU •TED CORRECTIOMS,0104V.4TAN _S_TAGE 4 

w509490E...01 ".2.044094E 0j 2;9.6461E Di 



Zbe- 

CU.RREC.TED .. L,-.V.!!!.T.. US 1NQ UNACAILED_ _C.ORYIEt !IONS (IN 

1.34714E 02 5,22986E 01 1.09240E 02 

CORRECTED L01-T USING ONSCALED CORRECTIONS ON STAG 2 

1:08157F 02 7,124E 01 1.44100E 02 

cuRREcTED 1,..y.4 USING UNSCALED CORPECTIONS•riN STAGE 3 

02 

EC1J (.9.11REC T 1)N5_11.4...1.TAG.E._____ 4_ 

 

1.58102E 02 84,6041E 01. 3.,61477E .01 

   

   



Log 
JTFRA71O4 NUMBER 

___WM._03_591/AREa 
OT MAX 
MAX DV/V 
NAx_DL4 _ 

45_01.“1:12.09o0. 
47.1.37268 
0,550018 
00850f,,9 

CALCULATED VAPOR RATES 
51.894 68,413 95".943 104.991 

CuRRESPnNOING LIOuTD RATES 

CALCULATED TEMPERATURES 
106,548 108.755 114,936 119,243 

COMPOSITIONS,MLJL 
TRAY 4 1 

FRACTIONS 
z 3 4 

METHANE 6;01330709 0.00352344 0.00979255:0..00735244 
ETHANE 0.02781873 0,00162404 0.029751105 0,02240159 
PROPANE 008045042 QL01708713 0:06888812 Q,07_134217. 
N BuTANE 0.04072978 0,04771616 0.07577872 0,10874712 
NPENTANE 0,04902171 0,05311573 0,06317341 0.12370801 
OIL 0.80017269 0.85912986 0-.72599453 0.64427501 
TOTAL 1.01150700 0;17619903 0:97333614 0.97782609 

REBOTLER DHTY, BTUS 0.0 



N.Sc P__cfati.P.AJTE_LIfickft 

 

200082E 01 8.79482E!,01 6.88274E 00 

     

     

UNSCALED COMPUTED COPRECTICMS*010,DVDTAN STAGE 2 

2,43451C 00 5.934O0E..,01 1.41994E Oi 

UNSCALED COMPUTED CORRECTIONS,OL,DV,DT,ON STAGE 3 

4,33356E DO 3.1E tai93.3.E  

UNSCALED MINTED CORRECTIONS/1n OV•.DT,ON $,TAGE 4 

10.8•79466E,P01 ..2 0 10272E 01 2.09419E-.61 



ECIE  D 9NSCLLFQ ._C ?RR ELTIDN_S_....r111LSIAGI____L_..... 

1.26633E 02 5 ,27732E 01 1.13430E 02 

CORRECTED L-V-T USING UNSCALEO CORRECTIONS ON STAGE '2 

1,33617E 02 6.90060E 01 1,22954E 

CORRECTED L-Vu'T USING uNSCALED CORRECTIONS 0 STAGE 

1,41591E 02 7.59899E 01_ 1,30732E 

CORRFCTED L-V-T USING UNSCALED CORRECTIONS ON STAGE 4 

1.57627E 02 8,39639E 01 . 1.40185E Q2 



-Ink-A-TON NUMBER 

SUM 07 SQUfRED 927_055k60_, 
OT MAX 20.941925 
MAX DV/V 0.207970 
MAX DL/L« 0.187651 

CALCULATED VAPOR RATES 
52.333 68.709  85.967 94.478 

CORRESPONDING LIQUID RATES 

CALCULATED TEMPERATURES 

— 1.09.9-.9 1 ;854 

LIQUID COMPOSITIONSAMOL FRAcTIoNS 
_ _ . . 3 . 4_ 

07.-00901100 
--- 

0400767069 METHANE 6-.01301061 0401063915 
ETHANE 

___ PROPANE 
0..02897829 
Q..972412.46 

0,0290921.8 
0....4295445 

0'..025?7867 0.0202758 

N BUTAI4E 0..03380306 0.05653752 0'08246166 0.11041069 
NPENTANE 0.04660762 0.04979523 0;06494147 0,12388849 
OIL 0..81746930 0,770000_44. 0:).729481.4_6 0.0462715.9._ 
TOTAL 1.01247780 1.01961800 1,00381946 008777717 

REBOILER DOTY, BTUS 0.0 



2/ 3 

'P,,v.sc AL FD CI,tipUT ED COP R'i•.:..CT IDU$.10J11,,,D.V2rall_ON 

lso2742E 01 1.17833E 06 3.45577E 00 

ONSCALED COMPUTED CORRECTIONS/01.'0V-DT,/ON STAGE 2 

2.04735E 00 1.93841E 00 

UNSCALED CEIMPUTED CORRECTIONSoDio0V..DTAM STAGE7i---- 

3.02476E_DO 401921 00_ ______JAVATE OA_ 

MISCALED CF'MPUTED CORRECTIONS.DORDV..0T/ONSTAGE 

-1. 1T41E 00 ,8.9169gE 1.03337E ')l 



Z./V 

CORRECTED L .•1/...T US I N C-4411) CAR 

1.26903E 02 5,35119E 01 1..13445E 02 

URRECTE0 0-v—T Us1N6 uNSCALED CORRECTIONS ON STAGE 2 

1.34447E 02 7,00147E 01 1'.23793E 02 

CURRECTED 1...NfrT USING UNSCALED CORRECTIONS ON_STT61-----4--- 

1s42449E 02 7 "l581E Vk33640 (1. 

CORRECTED 1.\/,-.7 USING UNSOILED CORRECTIONS oN STAGE 

10688PE 02 80560,E Oi 1.4004nE tP 



ITERATION NUm8ER 4 

SUM .DT_SWARED__ 
10010722 01* MAX 

MAX DV/V 0097805 
MAX DL/L 0,088093 

CALCULATED VAPOR RATES 
53012_ 70 015 __7.7..554 . 85.561 

CORRESPONDING LIQUID RATES 
142,_449 1560888 

CALCULATED TEMPERATURES 
113.445 123.793..._.-_.133.,64.5......_  140.048 

LIQUID CUMPOSITIONS,MOL FR A.CTIGNS 
TRAY # . .1 2 3 4 
METHANE 0.01289319 0+01.)09189 040874649 0.00777133 
ETHANE 0.02869716 0.02717537 0.02375031 0,02061760 
PROPANE 007257050 0.09116112 008861440 Q107815909 
N BUTANE 0.03585767 0.05599636 0.08241206 0:11019778 
NPENTANE 0.04725346 0.05059981 046615412 0,12424171 
OIL 0.81238359 0.76E72623 0.,72653562 0.64903086 
TOTAL 1.00965490 1.00495050 0;99621296 0,99001837 

REBOILER DUTY, BTUS 0.6 



UNSCALED COMPUTED CORUCTIPNS,W,,DV.DTON 5/A4E jL 

1.48213E 00 Z•51552E OO 5,94460E...0i 

UNSCALED COMPUTED CORRFCTICNS,01•43V.,DTADN STAGE... 

9691147E-01 3.99764E 06 6.68505E.-0i 

INSCALED COMPUTED CORRECTIONSA0Le4N.DT/ON STAGE 3 

—9.86711E-02 3.06E Q8 7:A10126E...01. 

_UNcALkD_CITIRUTED CURRECIIIINS,DL—Dv—DT,0P1 STAGE 

.2.51550E 00 2,41685E 00 



74? 

coRRUTEDI-v-I_USANG 414S_CkLED CURRIMONS_ONATOR _I 

1.28385E 02 5.66274E Oi 1.14039E o2 

CORRECTED L V-T USING ASCtLFD CORRECTIONS ON STAGE 2 

1135438E 02 7.40124E 01 1.24461E 02 

CORRECTED 10V-T USING UN4CALED CORRECTIOMS ns STAGF, , 3 

CORRECTED L-V-T USING UNSCAIED CDRRECTIONS_aN STAGE 4 

1.54371E 02 8.*977AE 01 1.393E .oz 



    

ITERATION !,.UMBER 5 

SaJARED 
DT MAX 
MAX DV/V 
MAX 4/L 

 

0,790126 
0,057097 
0_10160a4 

CALCULATED VAPOR RATES 
56.027 74012 81.065 87.977 

CORRESPONDING LIQUID RATES 
128.385 135,438 142.„350 154,373 

CALCULATED TEMPERATURES 
1.3.4.435 

LIQUID COMPOSITIONS,MOL FRACTIONS 
a 

0,00962156 
0.025,1393 
00_8622554 
C),06019706 
0,05212813 
0,76442719 
1.00011250 

TRAY # 1  
mETHANf 0.01233577 
ETHANE 0.02761304 
pPoPAME 0,07139552 

BUTANE 0.03808303 
NPENTANE 0.04758063 
f)IL 0.80356044 
TOTAL 1.00056740 

REBOILER DUTY, BTUS 

3 
0.00850198 0.00774933 
0.02224639 0.01972985 
0,08526331 0.0711402 
0,08465654 0.11050493 
0.06889588 0.12581730 
0'.72849822 (1.05905440 
0.99806231 0,99969631 

0.0 



211 

UNKWP COMf l5E CURRECI IONSPnj..10V...DT, ON STAG 1 

3.92105E-02 —1,74707E-02 P .4,0041RE02 

UNSCALED COMPUTED CDRRECTIONSADL,DVDTAON STADE 2 

e 49950E...02 2.17246E-02 —2,67627E-02 

UNSCALED COMPUTED CORRECT IDNS,I)LtIOV.DT, ON STAGE 

17AT,7. V 

UNSCALED Cr:0MT E D CORRECT IONS, DLIrDVDT, ON 

1 04859E.02 'PP ..'20660Eli.,D1 —5,67835E— 



ILO 

CORRECTED 1-.-.17-1 USING uNC.A.LED __C.ORB  EC  T1ONS _LitL  ST A  G E 

1,28424E 02 5,60099E 01 1:14119E 02 

CORRECTED log.V.01 USING UNsCALED CORRECTIONS aN STAGE 

1.35383E 02 7,40341E 01 1.24435E 

CORRECTED L V-T USING UNSCALED CORPECTIONS EIN STAGE 

_1•41!4_71_...0_2______ 809921101 1:.34128E Q2 

CORRECTED CRRECTIPNS_ON STAGE 

1. S439L E 02 8,74561E 01 1.39329E c2 



ITERATION NUdEFR 6 

__sPmfiTs_PuAgEn____ 0004735 
DT MAX 0.107226 
MAX OV/V 0005918 
MAX DL/L 0.003515 - 

CALCULATED VAPOR RATES 
56.010 74.034 Fin .993 87.457_ 

CORRESPONDIN6 LIOUID RATES 
128,424 135.393 141,847 154,390 

CALCULATED TEMPERATURES 
124 n 435 _139_1323_ 

LIQUID COMPOSITIONS,MOL FRACTIONS 
TkAY # 2 3 4 
METHANE 0.012.36350 o.0o965250 0.00854423 0.00776864 
ETHANE 0.02757856 0.02552375 0.02229482 0.01986302 
PROPANE 0.07110542 0.08802301 0'008541262 0,07712656 
N BUTANE 0.03798582 0,05985243 0.08418763 0011044449 
NPENTANE 0.04759488 0.05212724 0A6872320 0.12577921 
OIL 

•-TOTAL 
0.80337244 
1.00000u00 

0'76482362 
1.00000190 

0.73083705 0.65899426 
0.99999952 0,9919-996f1 

REbOILER DUTY, BTUS 



u t4S C  A  A.L. C UU.M.R11T_ED _CB RA,ELILION SA.01.^.D_VmD Oft_S.T.A.GE 

-6.23208E-03 .94985Em04 

UNSCALED C)MPUTED CORRECIIONS,01.-0V-DTJON STAGE 

-1.6635$E-02 -7.22706E-03 -2..9531tE-02 

UNSCALED COMPUTED COPRECTIDNSADLmOv-DTAnm STAGE - - -3 --- 

1.7 33652E-04 r1.0630SE41.02 L,54454f.05 

UNSCALED cTIPYT.g.D.CORRECTInNS,111.11.0V.,DTAN STAGE 4 

1,01024E-03 2.70118EvO3 



2.Z.3 

CORRECTED_LrV-T usw_uNSCALED CORR.ECTLMISSThL 

1.28419E 02 5,60089E 01 1.14105E 02 

CORRECTED L-V-T USING UNSCALED CORRECTIONS ONSTAGE .2 

1.35366E 02 7.40268E 01 1.24405E 02 

CORRECTED L.,V-T USING UNSCALED CORRECTIONS ON STAGE 3 

A.4.1.8_465 E12219.7521_01 

CORRECTED 1,!-V-T USING UNSCALED CORRECTIONSDN STAGE 4 

1.54391E 02 84/4550E 01 1,39331E 02 



ITERATION UW8ER 7 

WM  DT S'AJA.RE0 
DT MAX 
MAX DV/V 
MAX  

0.029831 
0.000218 
0,000113 

CALCULATED VAPOR RATES 
561009 74,027 80 ..975 87..455 

CORRESPONDING LIQUID. RATES 
128..0.8 135.366_ 141.846 15_4.2_3_9_1___.. 

CALCULATED TEMPERATURES 
124•405 1 4 IV 1.39.31.1 

LIQUID CUMPOSITIONS,MOL FRACTIONS 
TRAY # 1 2 3  4 
METHANE 0..01236610 0.00(65429 0,00854108 00077879, 
ETHANE 0.02757603 0.02552749 0.02230t42 001986721 
PROPANE  

- 
Ot071.11448_0•08805048 0'.0854225t0407712365 

--N-8-0-TATE--T.03796619 0.05981379 0,08418876 0,11045200 
MPENTANE 0.04758339 0,05209249 0,06870914 0,12577778 
OIL 0.80339921 0,76486081 0.73082906 0.65898632 
TOTAL 0.99999928 0,99oq9923 0-09999393 009999887 

REB0ILER DUTY, BTUS 0,6 



CONNE.NT-, 

FEED jjf,), 

TRAY MD 4 
_ 

• _EEO_ 

TRAY NO 1 

. !!EP 
FEED 

ML 

__DALERHF4P. 
VAPOR 

PRODUCT 

BOTTQMS 
PRODUCT 

MOLS 
METHANE 28 .5000 0,0000 28,5000 27.2982 1,2024 
ETHANE 158000 0,0000 15,8000 12,7325 3.0673 
PROPANE 

- 
240000 0,0000 24,0000 12.0920 11,9080 

N BUTANE 
NPENTANE 

16.9000 
14,8000 

2,2100 
5,5200 

19,1100 
20.3200 

2.0571 
0..9009 

17.0528 
19,4190 

rATL 0;0000 102,6700 102.670A, ij,9283 1010414 
T g TA L. 100,0000 110,4000 210,4000 56,0089 154,3911 

POUNDS 4040,39 12254.06 _162_9_4,45 1644,42 14649,98 
6ALLONS. 989,86 2095,6, 3085,53 478,22 2607,30 

Q MBTU 1283.000 164,999 _ _2142,999 W35,109 _ 2390,271 

TEMP, F 96,59 95,70 0,00 114.11 139,33 



VPOR ENTHALPY = .5527074,8%S. 
LIQuI0 LB/GAL 5.709_ _LIOUIO EN THALPY v 

124,4 0 PRESS4PSIA 
 - VAPOR 
LB S MOL% WT WiLs LBS 

463.4 39,0225 1940414_ 1,307 ZIAQ 
489.2 21.90,0 20.1000 3.456 103,9 
93549 .  24.6716 38,4554 i.10919  525.6 
274.4 6,3782 11,2758 8.097 470.6 
107.6 2.0145 4.4209 7.052 508,7 
163.2 1,9302 6.762 103.936 11826.3 

243307 10040060 100,000 135.366 13456.1 

. 

VAPOR 21%171440Y * 83.9345, BTU 
LIQUID LB/GAL = 5,678 AIOU/D.ENTHAVY * 

134,13 PRESSePSIA 60,00 
-- vAppa ----- 
Les • mots . 
458.9 3103249 1641408_ 
_440.00_194”11_ 000911 
1058,7 29,6524 37.1952 
461.7 9,8163 16.2202 
17,5.5 110041 6.1656 

. .205.0 2.2166. 7.2025_ 
2846.5 1060050 100,0000 

- 

19.4 
3,164 
12.117 534,3 
11.942 694.1 
9,746 703.1 

1034665 11841:1 
141.846 13887.1 

TRAY NO 

NET LIQUID & 

1 TEMPsF 

VAPOR LEAVING EACH STAGE 

114,11 PRESS4PSIA 60,00. 
VAPO  LIQUID ..  

_NO COMP 
1 METHANE 

•M.D.LS 
27.298 

LB5 
43709 

_M.011 
10,7390 

WY t 
26.6305 

- 
1.588 

LBS_ 
25,5 10,2 

14.01% 
1.2366 

HT% 
0.1953 0.4460 

2 ETHANE 12.732 382.7 22,7329 23.2749 3,541 106,5 33,9 2.7576 0.8161 1.4819 
3 PROPANE 12.092 533.2 21,5894 32.4238 9.132 4947 95-0 7.1115 3.0873 4,1764 
4NBUTANE 2.057 1,19100 7,2704 4.875 203A.0 52.2 3,7960 2.1721 2.5489 
5 NPENTANE 0.901 • 650 ...146085 3,525 6..1..1.1 440-09 8309 4.7583 343799 3.6732 
6 OIL

•
_ 0.928 1060 1.6574 1031_171 117q4.6 200.142 80.3400 _90.1492 87..6716. 

TOTAL 56.009 1644.4 10)0000 100.0000 128.41$ 13043,4 2284,8 100.0000 100.0000 100.0000 

K-DATA 
39.41347 
8.24373 
3.03588  
0.96753 
0.33804 
0.02063 

 VAPOR .MW =.29436D 
LIQUID MW *101.570 

.....TRAY NO 2 

NO COMP MoIS 
1 METHANE 28.887_ 
2 ETHANE 16.273 
3 PROPANE 21.225 
4 N BUTANE 4.722 
•5 NPENTANE 1.491 
6 OIL 1.429 
TOTAL 74.027 

VAPOR MW a 32.876 
LIQUID MW = 99.405 

TRAY NO 3 TEmP,P 

NO COMP MpLs 
1 METHANE 20.604 
2 ETHANE 3.6.188 
5 PROPANE 24.011 
4 N BUTANE 7,944 
5 NPENTANE 2.433 
6 OIL 1.795 
TOTAL 80.975 

192 628, BTUs 

 LIQUID  

GALS 
R.4 

MOL% 
0.9654 

WT% 
0.1558 

VOL% 
0.3539 

KmDATA 
_4a.„41.91w_ 

33.0 2,5528 0.7720 1.3942 . J3,61144 
1240 8,8051 3.9057 5.2553 1.25626 
9..k..7 5.49814 3.4972 4.0517 1.06634 
96.8 5.2093 3.7808 4.0868 0.38672 

2010,3 76,4861 87.8885 84.8282 0.02524 
2369,8 100.20000, 100.0000 100.0000 

20658804, BTUS 

 LIQUID  P.•  

GALS . H.OL% WT% 
7.8 0:8541 0.3400 0 ..3168: 41.35870 
100 . .2.2308 0.6850 ___142329 8.96338 
126,6 8.5423 1.4473 3.1594 3.47125 
14207 8.4189 4.9979 5.8137 1.16528 
1.33:9 645709 5.0613 5.4548 0.43722 
20120. 73.0830 85.2666 52.0224 0.03033 
2453,9 3.00.0000 100.0000 100.0000 

VAPOR MW = 35.152 VAPOR ENTHALPY = 963339, BTUS 
LIQUID ,MW x 97.903 LIQUID LB/0AL * 5,659 LIQUID ENTHALPY 2211793. BTUS 



WT% 
0.1317 
0.6294 
1.5841 
6.7653 
9.5632 
79.3264 
10000000 

VOL 
n.2959 
1.1246 
4.772.1 
7.8165 
10.2292 
75.7644 
100.0000 

K-DATA 
41.65744 
9.14948 
3.58899 
1.22046 
0.4661L 

NET LIQUI!). & VAPOR LEAVING EACH STAGE 

TRAY NO 4 

NO COMP 
1 METHANE 
2 ETHANE 15.897 
3 PROPANE 24.2U9 
4 N-BUTANE 11.109 
5 NPEMTANE 5:127 
6 OIL 1.924 
TOTAL 87.455 

VAPOR MW = 37.477 
• LIQUID MW =. 94:889  

32.5984 13.9539 1.202 
18.1775 14.5802 3.067 
21.6014 32..5693 
13.4862 20.9056 
5.0627 11.2863 . /9,419 

11.908 
17,053 

219.7 2,1998 6.7048 1.61.741 
3277.5 100.0080 100.0000 154.391 

VARA ENTHALRY_ = 1109479,_ BTUS 
LIQUIO LB/GAL •= 5.619 C10010 ENT 

LIQUID in• • I.. - pi. • r, 

GALA votx 
7,7 0,7788 
29,3 1.9867 

12,4.4 7.7129 
OW 11.0452 
0647 3,5778 

1/6.21:0 _1.975.4 65,898b 
14650,0 2607,3 100,0000 

ALPY - P17 2390.271, BTUS 

PRESS,P5IA 60.00 - 
- - - - - VAPOR - 
mnLs LBS .......................WT 

26.509 

TEMP,F 139,33 

457,3 
417.9 
1067.5 
65512 
369.9 

MDIS_ 
19,3 
92.2 
525.1 

1947)11:10'  

1111.11. Oat M., 



PROBLEM NUMBER TWO , ABS0PpTI1N WITH INTERCOOLERS 

NuMBER 11F TRAYS 4 

NUMBER OF FEEDS 2 
SIOESTRFAN AND/UR_HEAT_TRAYS_______2_ 

HUMBER OF K.DATA POINTS 2 
_A119.ER_ .. F 4_111.1NIS 

NUMRER OF ITERATIONS 20 

OR CODE 2 

_DOCUMENTATION LfVEL 

COLUMN TYPE 2 

OVERHEAD VAPOR PRODUCT, MULS/HR 79,930 

INPUT TEMPERATURES) DEG F 
TOP TRAY 102.0 
BOTTOM TRAY 9400 

INPUT PRESSURES,. PSIA 
OVERPEAD 

•TOWEK  DELTA 
TOWER TOP 
TOWER BOTTOM 

64p7000 
00000 

64.7000 
64.7000 



DATA ON VIMPONENTS 2-2, 
NAME MUL 14T LRS/GAL 

2:a.ADDO 
2 ETHANE 30.068 3,1440 
3 PPOPANE 44.094 4.2200 
4 BUTANE 58.120 4,8650 
5 PENTAHE 72.146 5..2530 
6 
7 

HEXANE 
HEPTANE 

86.rrg 
loo. i99 

5,5260 
5,7280 



     

2-3o 

      

      

MAIN CULUMN 10.TABLE 

29(12.0.0 
PRESSURE, PSIA 6520000 65,0000 

METHANE 39'247000 43,16000 
ETHANE 7'247000 9,32,000 

BUTANE 02695°0 1.04600 
PENTANE 0.21900 0,36100 
HEXANE 0.07319. __DAMN 
HEPTANE 002560 0,04990 

K-DATA WILL BE PRESSURE CORRECTED TO THE TRAY PRESSURE 
USING THE K-DATA REFERENCE PRESSURE AS THE DATUM 



   

Z3/ 
ENTHALPY TARLE 

   

_TEmPOkATUR.Es_F__. _ APOP____ _120_100_ 
PRESSURE, P51A 65,0000 65,0000 

VAPOR, STU/MULE 
mETHANE ___________ ____ ____.. __ _55 ”pg 58§1,7 .__ 
ETHANE 9837.4 1025540 
PROPANE 133070 13989,5 
suTANE 16459 0 6 174601_1 
P'-..r‘1741\Th • 19110,3 204330 
HEXANE 20797,3 22482.7 
HEPTANE 22500.6 24524,0 

LIQUID, RTO/mOLE 
METHANE 4043.4 4671,9 
ETHANE 6101.3 708.3 
PROPANE 7228.0 6191,9 
RUTANE nA59.8 9959,0 
PENTANE 10475.1 11781.0 
HEXANE 12002,6 13503,4 
HEPTANE 13515.6 15194,9 



• 1 
WET GAS 

4 

2 
LEAN Olt 

1 

INPUT FEED DttTi.  
FEED ND 
FEED NAME 
ENTERIN AT TRAY NU 
COMPOSITIONAMDLS/HR 

METHANE 10,00 0,00 
ETHANE 30,00 0.00 
PROPANE .. 40,00 .0.00 
BUTANE 39_19_0____ ....J.0.0.0. ...... ____ 
PENTANE 10.00 50.00 
HEXANE 0,00 15,00 
HEPTAME 0,00 5400 
TOTAL 120.00 R000 

_____TEMEEBAJURE4 90..0 
PRESSURE, PSIA 65.000G 65'.0000 

HEAT_CliNTENT,_BTOACALC/ 0, 
HEAT CONTENT, BTUS (GIVEN) 1666999, 8.6600Q, 

ADDITIONAL U.EATL_BTUS 0, 04 

HEAT CONTENT, BTUS (INLET) 1666999. 886000, 
TEMPERATURE, F (114E3.1 124.0 58 97427 

VAPOR, MOLS (INLET) 120,000 0.000 
LIQUID, MOLS:UNLET) 0.000 8000_ 



SIDESTREAM AND HEAT TRAY DATA z33 
 TRAY NO .-._APP  m01.5/HR _____II 

2 0.00 0.00. 0.125000 
0.00 0.00 0.125000 



21V 
CALCULATED VAPOR RATES 

79.930 85.305 90.681 96,056 

CORRESPONDING LIQUID RATES 
72,000 88.023 104047 120.070 

CALCULATED TEMPERATURES 
102,000 99,333 96.667 94..060 

LIQUID CUMPUSITIONS,HOL ERAtTIoNS 
TRAY # 
METHANE 

1 
001135945 

2 3 
.0_0.3.42_606L.0.A.123.2U_*-0-0900 

ETHANE 0.15390068 0,16622043 0,16226614 0.15702432 
PROPANE 0.30626363 0.41623384 0,45502579 0,46814013 
_BUTANE 0..25044084 0'41050/4 ‘62988126 0,94449545 
PENTANE 0:58749866 0.68902641 0.69687963 1,31007480 
HEXANE 0.17542809 0.17025793 0.23106241 ).,11342900 
HEPTANE 0.058486501405514111_0207969803 1.03973960 
TOTAL 1.56737610 1,83669560 2.28733530 5.06426420 

RE6DILER DUTY/ BTUS P.O 



z3.0 
--ftfraTftiTii,umBER 1 

PT MAX 110.540770 
MAX DV/V 2,079558 

mt.k).c 2,116372 

CALCULATED VAPOR RATES 
79.956 86.138 76,895 98,396 

CORRESPDNDINC LIQUID RATES 
_73,641 76,390 10.5.1!364_ 120.042 

CALCULATED TEMPERATURES 
93.1_195__ 92_0304 

LIQUID COMPDSITII1NS,MOL FRAcTIoNS 
TRAY # 1 2 3 4 
METHANE 0.01127982 0,00932833 0.03411570: 0.00184942 
ETHANE 0.026381.51 0,00301470 0.16344839• 0.04743491 
PROPANE 009769946 0011 310.0 ..0-.22009575_DA19042,063___ 
BUTANE 0.13672078 0.16361848 0..16198766 0.26066250 
PENTANE 0.69884372 0.92538750 0.30697221 0.34619051 
HEXANE 0.16835497 0.33806902 0.11328709 041210364 
HEPTANE 0,05869890 0.11760843 0.03906637 0.04080715 
TOTAL 121797840 1,67145610 1.01897280 0.99946868 

REBOILER DUTY, BTUS o,6 



:4.34 
ITERATION kUmBER 2 

  

T MAX 
MAX DV/V 
MAX OL/L 

 

1430,717000 
6.463747 
b46581 

y-• 

CALCULATED VAPOR RATES 
79.962 86,826 70,927 10 .,,_485 

CORRESPONDING LIQUID RATES 
7.4_1320_ _ 120.038_ 

CALCULATED TEMPERATURES 
1120628 124;328 9aAl9o_ 901,243 

LIQUID COMPDSITIONS,MOL FRACTIONS 
TRAY # 3 
METHANE 0.00810346 0.00279048 0.09802258 0.00402779 
ETHANE 0;01895257 0.00510677 0.41170800 0,06802630 
PROPANE 0:07016763 0.03389570_ 0.47756271 0_937406635 
BUTANE 0.11429137 0,134833870,20805174 0.27175176 
PENTANE 0.89554453 0.85443884 014772868 0.14238149 
HEXANE 0.20918834 0.48908818 0.02207673 0.10009032 

E523516 0T11-654775 001041822 0,03939841 
TOTAL. 1;37150190 1,70070070 1,32556720 0.99974259 

REBOILER DUTY, BTUS 



     

Z3) 

      

ITERATION NUmBER 3 

 

SUM P.  S_OAKED 
rIT MAX 
MAX DV/V 
MAX PL/L 

 

91.2.09884 
0,251351 
0.31882_7 

  

CALCULATED VAPOR RATES 
80.86+ 93.439 69.085 116.491 

CORRESPONDING LIQUID RATES 
46,100 __A6058 11c'.278 119.A232  

CALCULATED TEMPERATURES 
113.714 112.927 87.849 91.087 

LIQUID COMPOSITIONS,m0L ERACTIoNS 
TRAY # 1 2 3 4 

A-ETHANE-  0.00220065 000361925 0.02116251 0.00202481 
ETHANE 0..03604642 043443059 0;09053320 0,03456081 
PROPANE 0.08782334 0.14331281 0.37890667 0.14793521_ 
BUTANE 0.14111704 0.11244035 0.17535186 0,24706069 
PENTANE 0.45912606 0.64227563 0.40321267 0.39036769 
HEXANE 0.15789396 0.21884298 0.12880266 0,11364341 
HEPTANE 0.05464050 0,07591671 0;04341152 0.04060775 
TOTAL 0.93893290 1.23103110 1;24137970 0.97620052 

REBoILER DUTY, BTUS 01.6. 



ITERATION NUMBER 4 

_ 
OT MAX 67.7

10096419932 MAX DV/V 0.  
MAX OL/L 0,151873.  .... 

CALCULATED VAPOR RATES 
AR,'"D _1011,433 ___71.._344 _191,716_ 

CORRESPONDING LIQUID RATES .  

CALCULATE° TEMPERATURES 
1°9.715 96kopi es„..f371  95.14Dp 

LIOUID COMPOSITIONS,MOL ERACTI1NS 
TRAY # , 2. 3 A. 
METHANE 0.00313469 '),00416068 0.00160952 0,002023$5 
ETHANE 0.03569372 0.03587460 0:04797536 0.03628649 
PROPANE p:14g1o2o o92443611 03464880_14113j01.11._ 
BUTANE 0,12265754 0,12443137 0.17869788 0,25452131 
PENTANE 0-.50608635 0,63232803 0-.46281880 0.40832961 
HEXANE 0.15305775 0,19922954 0.13872087 Q1_11615449_ 
HEPTANE 0.04992651 0,06817877 0.04695746 0.04119619 
TOTAL 1.00266360 1.35763740 1..11142S20 0,99231768 

REROILER DUTY, BTUS 0,c 



ITERATION NUMBER 5 

AUM__OI_WJAKED s15.664160_ 
DT MAX 13.515660 
MAX DV/V 0.285567 
MAX OL/L 0,2$23.58 

CALCULATED VAPOR RATES 
83.055 99.408 86,100 

CURRESPOND/NG LIQUID RATES 

108.759 

96.151. ___83044 

CALCULATED TEMPERATURES 

105.004_ 1.16_:..9.45....._  

__101_9AP_ 92.802 —1051134  

LIQUID ComPnsiTinNsA muL fRACTI0NS 
TRAY # 1 2 3 
METHANE 0.00290361 0.00290872 0.00291240 040204696 
ETHANE 0.03626821 003905398 0.03983932 0.03318976 
ppopANE 00_1583610e 0,21261662 0.18116134 0,13526Asi 
BUTANE 0.12743652 0.15659714 0.20675224 0.259156186 
PENTANE 0.51222301 0.51324111 0845223367 0,40669447 
HEXANE 0.15728885 0,15647838 0:13470101 0.11884158  
HEpTANE 0.05277686 0.65368626 0.04537852 0.04145243 
TnTAL 1.00472640 1.13658140 1.06297680 0.99461515 

REbOILER DUTY, BTUS 



   

Zied 

    

'ITERATION NUMBER 

S Um nj .:$10_AR.ELD 
DT MAX 17.311550 
MAX DV/V 0.310332 
MAX DL/L   0.301933 

CALCULATED VAPOR RATES 
83.878 98,442 99.459 _120.037 

CORRESPONDING LIQUID RATES 
94.564 95,5G1 1169122_ 

CALCULATED TEMPERATURES 
107.514 99,997 99..724 10.2_._099 

LIQUID COMPOSITIONS,MOL FRACTIONS 
4 

METHANE 0.00271684 000232317 0,00191300 0.00185081 
ETHANE 0.03755793 0,04166494 0,03484641 0.02749.884 
PROPANE 000_72269.1 011051.7339_0"..1151009.?, 04,1226.291.1 
BUTANE 0.13332236 0.19338500 0,24633157 0,26289h60 
PENTANE 0,51248592 0.45134121 0.41185850 0.41105872 
HEXANE 0,15749842 0.13561618 0,11857468 0,11847156 
HEPTANE 0.05328732 0,04550844 0,03914852 0.04192387 
TOTAL 1,00409500 01,9701272 0,96777356 0.98632944 

REBOILER DUTY, BTUS o.o  



ITERATION kUi“sER 

Sum DT SQUARED 
DT MAX 27,560348 

0 MAX DV/V .401177  
MAX DM 

CALCULATED VAPOR RATES 
_ SPOP.1_ 108;316... 

CORRESPONDING Lipun RATES 
101.615 91_013 10i640. 113i299 

CALCULATED TEMPERATURES 
111.680 86,216 873,315 1 01487 

LlquID COMPOSITIONS,m0L FRACTIoNS 
TRAY # 3 4 
mFTHANE 0.00221407 0.00208384 0,00289645 0.00243",?" 
ETHANE 0,03088976 0.02350013. 0.603769829 0.03521111 
PROPANE 006244937 0,14446354 0.20279610 0116524172 
BUTANE 0.15521771 'J.10t 02665 0.22934066 0.25973439 
PENTANE 0;41419858 0.57238603 054301232 04,44601044 
HEXANE 0.11796755 0.1769080 0.16409266 0.12987404 
-4EPTAME Op03774670 0,05900529 0,05483473 0.04507441 
TOTAL 0.02068372 1916C173S0 1,23467730 1.08439920 

REBOILER DUTY, BTUS   Or o 



ITERATION NUMBER 8 

SUM DT SOUARED 
PT MAX 
MAX OV/V 
MAX DL/L 

321.05102.0 
11.105599 
0.098620 
0.100632 

CALCULATED VAPOR RATES 
87.145 99;175 107.728 .125.661 

CORRESPONDING LIQUID RATES 
9Z.14030 100.5h1 _ 516 _1122_855 

CALCULATED TEMPERATURES 
100,375 95.911 97..040--.._.1.0.2..55.6 

LIQUID COMPOSITIONSsMOL FRACTIONS 
TRAY ..# ....  1 _2 3 _ 

METHANE 0.00292524 0,00.238736 0.00219112 04100188441 
ETHANE 0.03529822 0.03887666 0.03811737 0,03003887 
PROPANE 0._12255895 00:4400214 0j_1352590.9 A:12294066_ 
BUTANE 0.12067443 0416025406 0-.22709620 0,26433128 
PENTANE 0.51721466 0,47206950 0.42928356 0,41626769 
HEXANE 0.15708351 0,14194474 0.125)7599  0.11994831._ 

-14-WANE 0.05297557 0,04892877 0.04191767 0.04268390 
TOTAL 1.00872990 1,01046270 0'.99904090 0.99809400 

0.0 



Ze/1 
ITERATION NUMBER 9 

 

_ 
nT MAX 9.187446 
MAX nV/V 0.027465 
MAX_PL/L_ 030_267_ 

CALCULATED VAPOR KATES 
86.449 97,138 110.§8Q__ 124,50_1_ 

CORRESPONDING LIQUID RATES 
90.689 104.23_0 1k.....131 _111.$35.1 

CALCULATED TEMPERATURES 
109.562 98;191 

LIQUID COMPOSITIONS,MOL FRACTIONS 
3 

METHANE 000253630 0,00250171 0000225520 0,00197716 
ETHANE 0.03711668 0,03904118 0.03499129 0.02997626 
PROPANE 0;08660812 0113211042 0,_14467072 0.13238168 
BUTANE 0.14737308 0.18486345 0,22776091 0,26180822 
PENTANE 0.53138661 0046660000 0.42988622 0,41313487 
HEXANE 0.16327393 0.14239216 0.12746507 0,12025189 

- HEPTANE 0.05482188 .004772452 0.04245869 0404258510 
TOTAL 1:02531810 1,01523300 100948710 1,00211420 

._RE8011.ER  DUTY, BTUS 0.6 



ITERATION NUMBER 10 

SUM 07 S(,UAkED _ 
DT MAX 2.840320 
MAX OV/v 0.0272o5 
MAX N./L 0.034971 

CALCULATED VAPOR RATES 
85.920 99;781 111.856 ..125..6_92_ 

CORRESPONDING LIQUID RATES 

CALCULATED TEMPERATURES 
9$050 94.216 .100.364 

LIQUID COMPOSITIONS,m0L FRACTIONS 
1. 4 

METHANE 0.00273581 0.00252949 0.00225526 0.00196D03 
ETHANE 0.03569158 0403778932 0.03494602 0.03001474 
PROPANE 0..a0.4539.57 0.14M474 0.1 76o1343.Wo 
BUTANE 0.13416982 0.16822946 0.21628278 0.25795225 
PENTANE 0.51012307 0,45130697 0.42046380 0,40968031 
HEXANE 0.15687484 0.13870460 0;1,2453890 0.11079740. 
HEPTANE 0.05284408 0,04677957 0:04170224 0.04224851 
TOTAL 0;99697870 0.99330455 0;99246591 0,99497205 

REBOILERDUTv, BTUS 0.0 



ITERATION NUMBER 11 

DT MAX 0,579760 
MAX OV/V 0.007013 
mAx_4/1. 0,011635 

CALCULATED VAPnR RATES 
86,523 _111.2.26 

CORRESPONDING LIQUID RATES 
93,009 104.703 11a_,549 

CALCuLt\TEO TEMPERATURES 
107.459 95.078 94.182 

125.072 

11,477 

100,754 -- 

LIQUID COMPOSITIONS,MOL FRACTIONS 
TRAY # 1 2 3 4 
METHANE 0.00271106 0.00250230 0.00224106 0.00195449 
ETHANE 0.03576000 0,03841316 0;03546476 0.03026955 
PROPANE 0;10529536 0,14470071 0,14992481 0.13227987 
BUTANE 0.13314342 0.16975993 0.21976620 0.26134992 
PENTANE 0.51328725 0,45641622 0.42511529 0.41227990 
HEXANE 0.15800840 0.14028430 0.12588149 0.11956oi8 
HEPTANE 0.05326991 0.0031377 0.04214201 0,04249181 
TOTAL 1.00147530 1.00139990 1;00053690 1.00018690 

REBO/LER DUTY. RTUS 0.5 



ITERATION NUMBER 12 

SUM DT SQUARfp 041.69.52.7-_. _..  
OT MAX 0.444800 
MAX oviv 0,001765 
MAX DL/L 0,003456 

CALCULATED VAPOR RATES 
86,377 '39.788 111.414 125,178 

CURRESPONDW LIQUID RATES 
93,411 105.0” 11Y COL . 113;621_ 

CALCULATED TEMPERATURES 
- _1.070§4. 95.523 94005 _100017 

LIQUID CDMPOSITIONS,MOL FRACTIONS 
TRAY # . 4 
METHANE 0.00269686-  bp-00248508 0;00223485 0,00195575 
ETHANE 0;03591394 0,03E39382 0.03536465.•0,03018137 
PROPANE 0;10391051 0,14725239 C.14014117 J110,3100.3__ 
BUTANE 0.13405812 0.17132533 0;22108167 0,26136672 
PENTANE 0;51255679 0,45819485 0;42520571 0.41225255 
HEXANE 0.15761447 0,14004207 0;12551342 0.11953485 
HEPTANE 0.05310774 0,04720173 0;042.08054 0,04245730 
TOTAL 0;99985838 0,99989522 0;99992394 0,99979943 

REBOILER DUTY, BTUS 0.5 



   

ITERATION NUMBER 13 

  

UA RED 
DT MAX 0,218900 
MAX PV/V 0,001971 
MAX DL/L 0,001499 

CALCULATED VAPOR RATES 
86..54.7._....  _99,893 _IAA 52.3 _____125.A.24.1 

CORRESPONDING LIQUID RATES 
9.30.45 104'.976 

CALCULATED TEMPERATURES 
107.758 15;374_ ___9_4.,L486________LCIDAA29._ 

LIQUID CO1P0SITI0NS,MOL FRACTIONS 
TRAY # 1 , 3 4 _ 

METHANE 0.00270042 0000249116 0,00224036 0.00195858 
ETHANE 0.03578144 0,03827395 0.03528563 0,03016325 
PROPANE 0:10416196 0011006513 0.14926738_01.13:2/1186___ 
BUTANE 0.13410878 0,17116350 0.22057515 0,26100028 
PENTANE 0.51259493 0.45800543 0.42504609 0,41236240 
HEXANE 0.15768796 0,14006668 0;12584656 0,11961973 
HEPTANE 0.05313997 0,04722154 0,04210775 004250795 
TOTAL 1.000171130 1,00028700 1;00036810 100039390 

WIPI.14R_PqTY4 



ITERATION -NUMBER -  14 

SUM DT SOUOIED . 
DT MAX 
MAX DV/V 
MAX 

0.128272 
0,001671 
0001275 

CALCULATED VAPOR RATES 
86.403 99.804 111.441 125.176 

CORRESPONDING LIQUID RATES 
93,401 1050038 11'4.73 1130597 

CALCULATED TEMPERATURES 
107.782 ..__.....  95 3S3 94 540 100057 

LIQUID COMPOSITIONS,MOL FRACTIONS 
TRAY # _.1 a _ 3 —4.---.1=- mETHAME 0.002'70272 '3000249143 01.00223863 000019,55i 
ETHANE 0,03584873 0,038335/4  0,03534512 0003020002 
PROPANE 0.1044176 0,14317238 04#90709111013 !40.0.__22 
BUTANE' 0.13382798 0.17069471 0.22029024 0,26115370 
PENTANE 0,51240301 0,45783961 0.42491299 0.41214997 
HEXANE 0.15760624 0,13998872 0.12576854 0.11951178 
HEPTANE 0.0531100'7  0004719428 0.04208010 0.04245971 
TOTAL 0.99981052 (0099971640 0-.99970651 0,99972558 

RERLIILER WTYLBTUS 0.0 



ITERATION PUmbER 15 

SUM DI, SWAkED 
DT MAX 
MAX DV/V 
MAX DL/L 

0..044R8. 
0,062445 
0.001028 

CALCULATED VAPOR RATES 

— _86,491 99.844 111,475 125.221 

CORRESPONDING LIQUID RATES 

CALCULATED TEMPERATURES 
107.759 95085 94,545 100.695 

LIQUID COMPOSITIONSAMOL FRACTIONS 
TRAY 0 1 2 3 4 
METHANE 0,00270088 0.00249039 0:00223841 0.0019571 
ETHANE 0.03581633 003831675 0:05532628 -0,03017599 
PROPANE 01042310391114t0A/0 0'.1095862 0_11.250P46 
BUTANE 0.13396239 0.17101598 0:22064728 0.26113450 
PENTANE 0.51258087 0.45802355 0.42505318 0.41231430 
HEXANE 0.15767443 0114005494 0.12582195 0.11958444 
HEPTANF 0.05313565 0.04721792 01104209692 0.04249017 
TOTAL 1.00010290 1.00013730 1.00014200 I:0000166SO 

REBOILER DUTY, BTUS Ot 



ITERATION ::IUMPER 16 

DT MAX 0,034398 
MAX PV/V 0.000654 
MAX 0,000499 

CALCULATED VAPOR RATES 

- _86.435 _99.0_20 111.456 125.193 

CORRESPONDING LIQUID RATES 
93.386 105.021 11.75S 113.565 

CALCULATED TEMPERATURES 
107.785 95.398 94.543 100.129 

LIQUID COMPOSITIONS,MDL FRACTIONS 
TRAY # 1 2_ 3 4 
METHANE 0.002.70165 6.0024908]. 6;00223089 0,00195640 
ETHANE 0.03583840 0.03812636 0;09533057 0.03018853 
PROPANE 0.10423183  0,14304793 0:._1.4904 74 0,13240731 
BUTANE 0.13393050 0,17(,39492 0.22043699 0,26112318 
PENTANE 0.51247972 0,45792407 0.42496514 0.41220361 
HEXANE 0,15763146 0.14001614 0.12579036 0,11953884 

-- T4151-ANE 0,05311874 0.64720259 0.04208638 0404247094 
TOTAL 0.99993223 0,99990278 04,99989206 0.99908870 

0_.R..._ 



FEED AND PRODUCT OMFOSIT TOMS 

_ OPIPPROAT. 

FEED NO 1 

TRAY • NO 4 
. J.1015 

FEED 

TRAY NC) 
NOLS 

Cl BI NED _PERK Ai) _ 
VAPOR 

PRnDUCT 
rioLS 

_80.T.TONS 
PRODUCT;  

maLs 

FEED 
1 

MOLS 
METHANE 10.0000 0,0000 10.0000 9;7'763 0,2222 
ETHANE 30.0000 0.0000 30.0000 26.5754 3,4284 
PROPANE 40.0000 0,0000 40,0000 24.9558 15,0368 

30.0000 10.0000 40,0000 lr‘,3494 29,6545 
PENTANE 10.0000 50.0000 600000 13's 1907 4608119  
HEXANE 0.0000 1.5.0000 50 13,5754 
HEPTANE 0.0000 5.0000 5,0000 0.1769 4.8232 
TOTAL 120.0000 80.0000 20000000 86:4349 113,5651 

— POUNDS 5291.27 5982.06 11273.34 1749.98 7038 59 
GALLONS 1264.77 1127.55 2392.32 907,77 1484459 

Q., M8TU 1666.999 F86,000 2552.998 943,384 1164.446 

. TEMP,. 24 9727 ..._ 0,00_ 107,79 10003 



WT% 
0.0625 
1.5532 
6.6244 
11.2194 
53.2910 
19.5783 
7.6714 

100.0000 

VOL% 
0.1287 
2.5436 
8.0824_ 
11.8739 
52.2319 

24 39 
6.8957 

100.0000 

41,86563 
8.57911 
.4.77001 
0.89402 
0.29779 

_0.10459 
0.03852 

V4POR ENTIO4PY.41 _1140512. BTUS.. ._._. 
LIQUID LB/GAL = 5.149 LIQUID ENTSAOY---10.19.20:, BTUS 

95,40 PRE”,PSIA 64,70 
LIQUID - 7 VAPOR m .•••• - - 

V4P0R ENTHALPY = 1273927. BTA 
LIQUID LB/GAL P 5,089 LIQUID ENTHALPY 

94.54 . . . PAE5SeSIA  . . _   
-, VAPOR .= wt. . 

VAPOR MW = 42.542 
LIQUID MW a 67.271 

TRAY NO A TEMPiF 

WI% 
0.0543 
1.6048 
9,9277 
0.3537 
46..3149 

_16.1745 
6.3702 

100.0000 

VOL% 
0.1099 
2.5818 

11.90A6 
20.1375 
44.6310 
14,9997 
5.6296 

100.0000 

K-DATA. 
40.23221 
7.76993 
2.40713 
0.74454 
0.21014 
0.00054 
0.02858 

NET LIQUID & VAPOR LEAVING EACH STAGE 

MOLS 
0,252 
3.347 
9,734 
12.507 
47,858 
14.720 
4.961 

93.379 

TRAY NO 1 

_MD. COMP 
1 METHANE 
2 ETHANE 
3 PROPANE 
4 -BUTANE 
5 PENTANE 
6 HEXANE 
7 HEPTANE 

TOTAL 

TEMPO'F 
7 7-7  7 
MOL$ 
9.775 
26.571 
24.' 952 
10.348 
13.109 
1.425 
0.177 
86:435  

. 107.79 . ESS.P5I4 
7 .e VAPOR Tv .4* - 

MOLA _ WT 
156,8 11,3037 4.1822 
7900 30.7469 21.1086 
1100.2 28,8675 29.3441  
601,4 11..9716 16.0402 
951.5 . 15.2583 25.3777 
122,8 1.604 11.2/46.. 
17,7 1,2046 0.4725 

3749.4 100,000 100,0000  

.GALS.WU% 
4,0 1,6 0,2702 

10016 32,0 3,5841 
429,4 JLQLL7 .. 

72619 _ _ 149=4 110940 
345248 07.0.....14.12514 

_1261_0_ 15,7642_ 
497.0 86,8 5.3122 
6479,1 1258,4 100,0000 

64,70 
1.6  LIQUID  

VAPOR MW = 43.370 
LIQUID MW 69,385 

WT % MOLS 
3,7805 0.262. 

21,1810. _4.023 
36'0204 15023. 
17.5924 i7•948 
18.7672 48.092 
2.3238 14.705 

4.957 
105,011 

TRAY NO 2 

NO COMP 
1 METHANE 
2 ETHANE 
3 PROPANE 
4 BUTANE 
5 PENTANE 
6 HEXANE 

HEPTANE 
TOTAL 

TEMP,F 
••• OM V. MP 

moLs 
10.029 
29.91$ . 
34.690 
12.854 
11.047 
1.145 
0.137 
99.820 

LEIS MOL% 
160e9 .f6,0469 
899,6 29,97t1 
1529.6 34.7526 
747.1 12.8771 
797.0 11,0664 
98.7 1.1472 
13f8 0.1376 00240 

4240.6 100.0060 100*0300  

GALS MOL% 
1..f7 0,2491 

364.5 3,1130 
1570 14,1062 
214.4 17.0911 
660,5 45,7969 
229.3 14,0030 

490,7 86.7 4,7207 
7064,2 1308,1 100.0000  

w T % 
0.0594 
1.7132 
9.1772 
14,7661 
49.1155 
17.9171 
7.0313 

100,0000  

. K-DATA ..... 
0.1209 40.33849 
2.7732 7.82074 

11.10.87 1..42959_ 
15.4466 0.75356 
47.5839 0.24168 
16.5194_ _00_8_199_ 
6.2472 .002W_ 

100.0000 

LBS 
4,2 

121.0 
662,4 
1043,1 
3469,6 
1267,1 

NO COMP 
1 METHANE 
2 ETHANE 
3 PROPANE 
4 BUTANE 
5• PENTANE 
6 HEXANE 
7 HEPTANE 
TOTAL 

1064535, BTUS 

, LI QUID 
040 MM.% 

1.7 0,2239 
3,5334 

14.'1060 
22.0461 

..ec2o011 
1.21_”_04 
4.2091 

100,0000 

MoL5 L85 MOL% WT t MaLS OS 
10.039 161.1 9,0074 3.3331 0.266 4,3 
30.596 920.0 27,4510 19,0396 4.196 126,2 
39.986 1763,1 35,8760 36.4904 17.700 
10.292 1063.2 16.4121 22,0012 
11.279 8130 1p..1261 14.0419 

07.3 _11.001 240138 
13.4 0.12c1 0.2780 

4831.8 100.0000 100,0000 

1.129 
0.134 

111.456 

40,1 
780,5 184,9 

26.114 1521.5 312!7 
50.468 364111. 693,1 
i4.919 231.0 
4.998 500,8 67,4 

i18,746 7861,6 1553,0 

VAPOR MW = 43.352 
LIQUID MW = 66.205 

VAPOR ENTHALPY = 1444235, BTUS 
LIQUID LB/GAL = 5,062 LIQUID ENTHALPY P 1184764, TUS 



MOIJ 
0.222 
3.428 
15.037 
29.654 
46.1112 
13AYT3. 
4.823 

113.552 

f3 S 
306 

103,1 
663,0 
1723.5 
3377.3. 
1_11)914._ 
483,3 
7523,6 

1.10010 
GAO AU% 

1,4 0,1957 
320 3,0192 
157,1 130422 
354,3 •  26,1152 
642,9 41.2249 
211s7 _11,9552 
84.4 4.2476 

1/044.6 100.0000 

UT% 
0.0474 
1.3701 
8.1127 
22.9082 
4404894 
0.5487 
6.4235 

100.0000 

km% K-OATA 
0.0960 40.99907 
2.2085 8.14227 
10.5832 2.57276  
23.8631 0,81176 
43.3066 0.26470 
14.2594 _009113 
5.6831 0.03291 

100.0000 

NET LIQUID & VAPOR LEAVING EACH STAGE 

TRAY NO 4 

NO COMP 
1 METHANE 
2 ETHANE 
3 PROPANE 
4 -8UTANE 
5 PENTANE 
6 HEXANE 
7 HFPTAME 
TOTAL  

TEMP;F --100173 - PRiliiA-4--i4.70. 
. . . . . . . walk er , .. - , . . 
mcILS LBS Mn4i WT x 
10.041 1b1t1 3.0208 2.8614 
30.772 925,2 24,5794 16.4355 
42.646 180.4 34.0639 33.4027 
260536 1,42o 21496.2 727.1963 
13,4659 985,5 1001o6 ./7002 
1.364 117,5 1,0894 .1•0876 ____ __ ______ .__ _________ 
0.175 17,5 0,1398 0,3114 

125.193 5629,6 100.0000 100.0000 

VAPOR ENTHALPY F -16-69264, iTtar 
5.068 L1110 ENTHALPY 

VAPOR .MW = 44.967 
LIQUID MW F 66..256 4.19410 Le/GAL BTUS 



PROBLEM NUMBER THREE STEAM STRIPPING 

NUMBER OF TRAYS 

NUMBER OF FEEDS 2 
_SIDESTREAm AND/OR HEAT IR yS _.- 

NUMBER OF K-DATA POINTS .2 
NUmBER OF H.DATA POINTS 

NUMBER OF ITERATIONS 20 

2 

_..DOCUMENTATION LEVE.L_ . 

COLUMN TYPE 3 

OVERHEAD VAPORPRODUCT, MHO/A 

INPUT TEmPERATURES, DEG F 
TOP TRAY 250,0 
BOTTOM TRAY 290,0 

INPUT PRESSURES, rSIA 
OVERHEAD 45.0000 
'TIMER DELTA FL_ S,0000 
TOWER TOP 45.0000 
TOWER BOTTOM 45.0000 

3.500 



DATA ON COMPONENTS 

NAME MLiL WT LBS/GAL, 

1 mETHANE 16.042 
2 ETHANE 20.068 3.1440 
3 PROPANE 44,094 4.2200 
4 N BUTANE 5R•120 4;8650 

72.146 5,2530 
b OIL, 114.224 5'.8830 

•7 STEAM 18.000 3300 



Z56 
IAIN coLONN K-TABLE 

TEMPERATUREA F /5_041_0_0_ 
PRESSURE, PSIA 45,0000 45.0000 

• METt1ANE 80.00000 81,00000 
ETHANE • .26.00000 30.00000 

-N BUTANE 5-.40000 7.00000 
NPENTANE 2..50000 3.50000 
°IL 0".V.!000 0..54000 
STEAM 68.00000 71..00000 

K-DATA WILL BE PRESSURE CORRECTED TO THE TRAY PRESSURE 
USING THE K-DATA REFERENCE PRESSURE AS THE DATUM 



t 7 
EHTMALPY TABLE 

TEMPERATURE, F 230,00 29Q:00 
PRESSURE, PSIA 45,0000 45.0000 

VAPOR, BTU/MALE 
METHANE 7100.0 7500,0 
ETHANE 11600.0 122000 
PROPANE 17000.0 17800.0 
N BUTANE  avrnio____ ___ 
NPENTANE

215Q9.1.0__ 
26200,0 27000,0 

OIL 400000 42200,0 
STEA1 21000.0  44904 

LIQUID, BTU/MOLE 
METHANE 6200,0 6700.0 
ETHANE 

-- PROPANE 
15700:0 
15400.0 

"OAP _. 
14000,0 

N BUTANE 14500,0 16900,0 
NPENTANE 17300.0 19300.0 
OIL 24600,0 27600,0 
STEAM 3600,0 392080 



INPUT FEED DATA 
FEED No 

_ fflP MAME 
ENTERINC. AT TRAY NO 
COMPnSITION,NOLS/HR 

_S_TEAM 
3 

0,00 
ETHANE 0,00 
PROPANE 0,00 
M_OUTANE 0200 
NPENTANE 0,00 
OIL 0,00 
STEAM 10,41 

TOTAL 10,41 

...____TEMPERATVOLF 29Q10 
PRESSURE, PSIA 45,0000 

HEAT CONTENT, eTus ccALc) o, 
HEAT CONTENT, (4TUS (GIVEN) 221000, 

ADDITIONAL HEAT, PIUS 0. 

HEAT CONTENT, BTUS (INLET) 
TEMPERATURE, F (INLET) 

VAPOR, mins (INLET? 
LiouTo, MILS (INLE1) 

221000, 
272,92 

10.410 
0,000 

2 
RICH olL 

1 

1.19 
3,01 
11,83 
_1702 
19,51 

101,82 
0,00 

155,27 

2501.0 
45.0000 

0, 
3699999, 

3699999, 
245.41 

51.750 
1j)3,519 



CALCULATED VAPOR RATES 
23.500 18.324 7.796 

COPRESPONDINC LIQUID RATES 
103,519 98.343 82.615 

CALCULATED TEMPERATURES 
250.000 270.000 29r, 000 

LOUID COMPOSITIONSomOL FRACTIONS 
TRAY # 1 2 3 

METHANE 0;00028037 0.00028037 0.00028037._ 
ETHANE 0;00210905 0,00210905 0:00210905 
PROPANE 0;01665909 0.01665969 0.01665909 
N BUTANE 0;04787193 01_04/0719; Q;0478719 
NPENTANE 0.08567554 0,08567554 0.08567554 
oIL 0.84740406 0,84740406 0.84740406 
STEAM 0.00000000 0,00000000 0;00000000 

1.00000000 1,00000000 1.00000000 

REBOILER DUTY, BTUS 

ITERATION NUmRER 1 

SUM DT SQUARED 
DT MAX 
MAX DV/V 
MAX DL/L 

0.0 

3'5.310300 
16,376434 
1g096779 
0.793419 

ITERATION NUMBER 2 

SUM DT SQUARED 655/3.750060 
..P.T...MO___......—_____. _.232.../.6.10..9,1.0... 

---mAx DV/V 3,523100 
MAX DL/L 0,534874 

ITERATION NUMBER 3 

Sum DT SQUARED 56893.957000 
nT MAX is6.05046 
MAX )V/V Z.418818 
mAx OL/L 05.20097._ 

ITERATION NUMBER 

Slim DT SQUARED 35357.296060 
DT MAX 186,155190 



0 
_ITE.BATNN_NUMBER__ 5 

Sum DT SQUARED 251165.180000 
_ 

MAX i)V/V 4,352040 
MAX DL/L 0.443115 

-ITERATION NUMBER 6 

SUm DT SQUARED 3472687800___ 
DT MAX 179.734860 
MAX ov/v 1.292465 

_____MALDL/L 0096691 

ITERATION NUMBER 

SUM DT SQUARED 5990059300 
DT MAX 66.649136 

_MAX 0.957675 
MAX DL/L. D0356$7 

ITERATION NUMBER 8 

SUM DT SQUARED 1030561.200000 
DT MAX 104.593000 
mAK-677V 9.359863 
MAX DL/L 3.095642 

ITERATION NUMBER 

Sum DT SQUARED 2336.619300 
DT MAX 36.56;3344 
MAX 1W/V 0097224 
MAX PL/L _ _ _  _ _ _ _ 0_05311,5 

ITERATION NUMBER 
___________ __________________ 

10 

SUm_ DT s0UARED 4429.339800 
DT MAX 55.144241 

I 4292g9 
----MU DL/L 0.222071. 



SUM DT SQUARED 17700963300 
DT MAX 340630874 
MAX DV/V 1.102293 
MAX DL/L 00182795 

ITERATTON NUMBER 12 

SUM DT SQUARED 12750026300_ 
DT MAX 28421, 
MAX DV/V 1.420276 
MAX DL/L 0.249944 

ITERATION NUMBER 13 

-Sum DT -SMAi4E0 37161.878060 
DT MAX 110,902020 
MAX DV/V 4.625005 
-MAX-4/L 0.429507 

JTERATICIN NUMBER 14 

SUM DT SQUARED 55370.069000 
DT MAX 157%45715p 
MAX DV/V 7,768880 
MAX DL/L 1.408155 

ITERATION NUMBER 15 

SUM DT SQUARED 33231A.44
000 

UT MAX 122.777190 
MAX DV/V 0099387 



ITERATION. NUMBER 16 

_UM DT qUAB_ED 
DT MAX 73.939651 
MAX DV/V 2.235490 

MAX_Didit 

ITERATION NUMBER 17 

SUM DT SQUARED 10921.847060 
DT MAX 71.256271 

MAX DL/L 

ITERATION NUMBER 18. 

0.070527 

SUM DT SQUARED 2994748,000060 
UT MAX _ 1060.786100 
MAX DV/V 27,149475 
MAX DL/L 5,374336 

ITERATION NUMBER 19 

SUM DT SQUARED. 1008.881100 
DT MAX 25.468978 
MAX DV/V 7.750542 
MAX DL/L 0.233829 

ITERATION NUMBER 20 

SUM DT SQUARED 111984.860000 
DT MAX 277,847650 
MAX DV/V 4.569§50 
MAX DL/L 1.204160 

NO CLOSURE OBTAINED UN PROBLEM 
FOR SPECIFIED NUMBER OF TRIALS 

204 



CALCULATED VAPOR RATES 
23.957 6.368 0.573 

_CP.RRWORPINfi _LIMP RATES__ 
134.639 129.520 137..847 

CALCULATED TEMPERATURES 
_260447 272_0844 

LIQUID COMPOSITIONS,MOL FRACTIC1NS 
TRAY # 1 3 
METHANE 0.00560410 0,00098729 0.00074083 

--ETHANE - Cc04106759 0.00947283 0.00876426 
PROPANE 0..18123549 003479108 0:03154382 
N BUTANE 0..24880725 0.07713881 0:07702440 
NPENTANE 0.294076500.23527342 0..22317564 
OIL 0.14724386 0.39929271 0:41409045 
STEAM 0.00988762 0.01109348 0.04936618 

- 7TITAL 0070i4961 0:80420554 

2.4 

REBOILER DUTY, BTUS 0.0 



PROBLEM NUMBER FOUR • SIMPLE ABSORPTION 

NUMBER OF TRAYS 6 
_N_UmER_O_F COMPONENTS 

NUMBER OF FEEDS 2 
___SIDESTREAti.ANDEIR _HEAT 1RAyS 0 

NUMBER OF K-DATA POINTS 
N- P.MtER 

NUMBER OF ITERATIONS 20 

- OR CODE 

___OWMENTATIM_LEVEL 

coLomN TYPE 1 

OVERHEAD VAPOR PRODUCT, moLS/HR 1966.460 

INBoT TEMPERATURES, DrG F 
TOP TRAY (40.0 
BOTTOM TRAY 90.0 

WITUfffESSUkESA PSIA 
OVERHEAD 74.7000 
TOWER DELTA P 0_000 
TOWER TOP 74.7000 
TOWER BOTTOM 74.7000 

2-49 



DATA ON COMPONENTS 

NAME MDL WT LBS/GAL 

2 ETHANE 30,060  3,1440 
3 PROPANE 44.094 4.2200 

I BUTANE 58.120 4,6860  _ 
N BUTANE 58. i 20 4,8650 

6 !PENTANE 72,146 5,1990 
7 NPENTANE 72.146 5_,2530 
8 OIL 161.000 6.8700 



2.66_ 
MAIN COLUMN Ku4TABLE 

MIPERATPRIA F 
PRESSURE, PS1A 

ADAD9 
75'.0000 75.0000 

METHANE 8440000 39,00000 
ETHANE . 540000 • 6.60000 

I BUTAkiE 0.55000 0,82000 
N aUTANE 0.38000 0.61000 

'PENTANE._______ ___..... _...._..._.. .._. .. 
NPENTANE 

0.15500  ....______. _....._. 
0:12500 

0„. 25000 
0,20000 

OIL 000300 • 0,00600 

K—DATA WILL BE PRESSURE CORRECTED TO THE TRAY PRESsuPE 
r? HE_ KI.T.P.ATA.. REEERg_NCE. RRESS.URE 



- ENTHALPV TARLE 

.... JIMPIRAI181/ 17...  
PRESSURE, PSIA 75,0000 75.0000 

VAPOR, BTU/MOLE 
METHANE 59oo,op 620.0.A____ 
ETHANE 9690,0 99500 
PROPANE /0150'0 1165060 
I BUTANE _162.00'0 16 0.0_0 
N BUTANE 16700,0 17400,0 
IPENTANE 19500,0 203000 
mPENTANE 20200,0  
OIL 298000 31400,0 

LIOUID, BTU/NOLE 

Z6 ? 

__ 

METHANE  
ETHANE 5150,0 7200,0 
PROPANE 6050,0 6850,0 
I BUTANE 7650,0 87Q0.0 
-N BUTAIIF -tiqW.,-0--- B450,0 
IPENTANE 9830,0 9200.0 
NPENTANE 0,500..0 10100,0 
nIL 4000,0 6450,0 



2.4k 
INPUT FEED DATA 
FEED NO 
FEED NAME  
ENTERTNG 
COMPOSITIUN,MOLS/HR 
METHAN E  
ETHANE 

1 ••,- to ET GAS 
6 

165.BG 

041. 
I 

0.00 
PROPANE 94,90 0.00 

__Leung_ 17480 Q. Q0__..___  
N BuTANE 33,53 0,00 
IRENTANF 7,90 0,00 
NPENT/04,_ 15.60 0,00 
OIL 0000 534,00 
TOTAL 1974093 534000 

TEMPFRATURE, F 60.0 90,0 
PRESSURE, pSIA 74.7000 74..7000 

HEAT CONTENT, RTUS (CALC) 0, 0. 
HEAT CONTENT, BTUS (GIVEN) 13P19999. 344.9999, 

ADDITIONAL HEAT, BTUS 0. 0, 

HEAT CONTENT, BTUS (INLET) 36.19999,. 
TEMPERATURE, F (INLET) 60,32 90.13 

qkP.R.K.A.APO_AinfT) 
LIOulD; POOLS (INLET) 0.000 534,000 



CALCULATED VAPOR RATES 
1906.460 1621.563 
766 872- _481'975 

1336,666 1051.769 

CORRESPONDING LIQUID RATES 
480.600 504-.974 
578,095 602.469 

529-.347 553,721 

-tALCULATED TEMPERATURES 
90.000 90.000 
90.000 901.PUL 

90.000 90.000 

3 , 4 
LIQUID COMPOSITIONS,MOL PRACTI1NS 
TRAY # 1 2  

.. _-__.METHANE 0,02.566045 _____ .... _ _ 0,0301.694B 0,03657829  004622788 
0.23580188 ETHANE 0.13495857 0',16179854 0.19183487 

PROPANE 0.38796973 0.48641962 0.54673380 0,61852980 
I BUTANE 0.86679035 1.18081470 1.19787880 1.12753100 
N-RUTANF 1.16932586 19668667'0 1.59485340 1.32555580 
'PENTANE 0.00000000 0.00000000 0'.00000000 0.00600e)00 
MPEPTANE 0.00000000 0'00000000 0;00000000 000000000 
U110 2.04921240 0,00000000 0,00000000 0,00000000 
TOTAL 4.63391680 3.52716940 3.56787870 3,35364620 

LIQUID COMPUSITIONS,HOL FRACTInNS 
TRAY # 5 
METHANE 0..06286013 0.09853415 
ETHANE 0.30740887 0,44811940 
PROPANE 0.71629047 0.86211526 
I BUTANE 1.0733575o 1001935740 
N BUTANE 1.19781580 1.01184840 
IPENTANE 0.00000000 3.68937960 
NPENTANE 0.00000000 3.40175620 
OIL 0.00000000 4.13539830 
TOTAL 3,3577327014,66700900 

REPOILER DUTY, 8TUS 040 

ITERATION Nimmk 

SUM DT SQUARED 2442568.000000 

--- MAX DV/V 6.915141 
MAX DL/L 10.250596 

I FRATInN AW4ER 

slim DT SQUARED_ 
DT MAX 130,058190 
mAx 0V/V 3.424022 



ITERATION NUMBER 3 

SUM DT SQUARED 115125o00060 
DT MAX 
max Dm 

1P3,542230 

MAX DL/L 1,533284 

ITERATION NUMBER 4 

SUM DT SQUARED 13133,367060 
DT MAX 100,58276Q_ _ 
MAX DV/V 200776q9 
MAX 0.340913 

2,0 

ITERATION NUMBER 5 

DT MAX 
MAX DV/V 
MAX DL/L 

10.31.0...01100J1_ 
96.463088 
1048833 
0_091049 

ITERATION MUtIBER 6 

SUM OT SQUARED 1018.617160 
DT MAX 17.049331 
MAX DV/V 1.2.4VA26______ 
MAX DL/L 0,102749 

TTERATIUM NUMBER 

SUM OT SQUARED 1574.073260 
DT MAX 37,790100 
MAX 1,064787 
MAX 01./L 0.161610 

ITERATION NUMBER 

8.22.11_252A1.0 
OT MAX 21.732574 
MAX DV/V 0035420 
MAX DL/L 0.115103 

ITERATION NUMBER 9 



...1.Urt „Iwym.M;;M 

DT MAX 7,663537 
MAX DV/V 0,643421 
MAX DL/L 0,1225a8 

Z7/ 

"if:RATIO_ EUJIKER 10 

SUM DT SQUARED 147,4755%10 
DT mAX 11,95473 _ 
MAX DV/V 0.431728 
MAX 01./L 0,067412 

ITERATION NUMBER 

_ 0,9460,5_ 
UT MAX '1,207462 
MAX DV/V 0.287677 
MAX DL/L 0,09744 

ITERATION NUMBER 12 

SUM DT SQUARED 14.324641 
DT MAX 3,240744 
MAX DV/V 0,121710 
MAX lL/L 0.03358 

SUM DT SQUARED 1,944204 
DT MAX 1,234169 
MAX DV/v 0.0029.25 
MAX 0008458 

ITERATION NUMBER 14 -- --- 

Sum  DT SQUARED. op_021162-__ 
DT MAX 00 114763 
MAX DV/V 0.0o010 

0.09011._ 

ITERATION NUMBER 15 

    

---$04DTtVOARED 
DT MAX 

MAX DL/L 
MAX.PILY- 

 

0.000815 
0.0.235e4 
0000_0.6_ 
000011.8 



CALCULATED VAPOR RATES 
1901.269 1944,389 1951'.392 
4.95ALAP -19§AA/06 
CORRESPONDING LIQUID 

584.126 587.78? 
607,662 

-t-VmPEPATURES 
97p163 96,754 
7913.2.1 

R4TES 

577.123 

CALCULATED 
96.045 

- 90 030 

1955.055 

591.356 

94,750 

LIQUID COMPOSITIONS,r0L !RATIr1N5 
TRAY # 
METHANE 

1 
0'..02.111617 

2 
_OS201_63110L 

3 4 
0. 02Q82i3Q29.i14 

ETHANE 0..01184922 0,01197555 0.01198500 0,01217251 
PROPANE 0.01973928 0,02183568 0-.02218544 0.02268552 
I auTANE 0.00612322 0,00F18375 04084467 0.100929651_____ 
N BUTANE 0.01243345 0.01738233 0101968070 0.02131007 
!PENTANE 0.00115504 0,00233801 0.00363295 0.005193'79 
NPENTANf Q0912137 1.0002j8226 0;_004.91.491 
OIL 0.92601061 0.91463870 0.90792370 0.90028960 
TOTAL 0.99999970 0,99999946 0-.99999946 0.99999934 

LIQUID COMPOSITIONS,MOL FRACTIONS 
TRAY # 5 6 
METHANE 0.02135188 0,0222827 
ETHANE 0..01266909 0,01386119 
PROPANE 0r.02389970 •0.02686603 

N BUTANE 
I BUTANE 0'01003069 0_1011,15504_____ 

-0,01370340-0,02913623 
'PENTA1'4E 0.00746256 0,01.200691 
NPENTANE 0.01339864 0.02516712 
OIL 0.88748354 0,85890418 
TOTAL 0.99999946 0.99999940 

REBOTLER DUTY, BTUS 



FEED AND PRODUCT COMPOSITIONS 

COMPONENT 
METHANE 

FEED NO 1 FEED NO 

TRAY NO 6 TRAY NO 
MOLS MOLS 

/639,2000 00000 

2 COMBINED 
FEED 

1 
MOLS 

1639.2000 

OVERHEAD 
VAPOR 

PRODUCT 
MOLS 

1625;6772 

BOTTOMS 
PRODUCT 

MOLS 
13.5405 

ETHANE 
PROPANE 

165.8000 
9489000 

0.0000 
0.0000 

165.8000 
94,9000 

157;3679 
78;5693 

8,4351 
16,3255 

I BUTANE 17.0000 00000 17.8000 10;6561 721431 
N BUTANE 
!PENTANE_ 
NPENTANE 
OIL 
TOTAL 

33.5300 
_709000 
15,8000 
0;0000 

197489290 

0.0000 
0.0000 
00000 

534,0000 
534,0000 

33.5300 
70000 

15'0100o 
5340000 
2508,9290 

15;8245 
0;6039. 
0;5069 
12;0761 

1901,2664 

1767050 
7.296/ 
15,2931 

521,9236 
607.6624 

POUNDS 
GALLONS 

40157.60 
140+43.20 

85974,00 
12514..41 

126131,63 
26557.61 

37837045 
13316,76 

88294419 
13180,91 

Q, MBTU 13819,996 3449,999 17269,980 13200,488 3568,620 

TEMP, F 60.32 90.13 0.00 96.05 79,72 



vntpx 
0.6013 
0.5157 
1.0432 
0.4937 
1.0581 
0.2269 
0,3044 
95.7566 
100,0000 

14-DATA 
40.30833 
7.02820 
2,10907 
0,89418 
0.67637 
0.27785 
0.22191 
0.00696 

TRAY ND 

NET LIQUID & 

TEMPAF 

VAPOR LEAVING EACH STAGE 

96,05 PRESS,PSIA 74,70 
r VAPOR 40 414 10 •10 04 _ f. LIQUID - 

NO COMP MOLS LBS MOL% WI % MOLS LBS GALS MOL% WT% VOL% KI.DAT4 
1 METHANE 1625.665 2607819 85,5043 6889241 12.279 19710 7608 2,1276 0.2247 0.6090 40,18814 
2 ETHANE 157.367 4730.4 8,2769 1205021 6,838 205,5 65,4 10,848 0.2344 0.5053 6.98587 
3 
4 

PROPANE 
I BUTANE 

78.569 
10;656 

3464.4 
619,3 

4.1324 
0,5605 

9.1561 
1,6360 

11.392 
3.649 

502,3 
21261 

119,0 
45,3 

1,9739 
0.6323 

0.5729 
0.2419 

0.9201 
0.3499 

2,09353 
Q.88637 

5 N BUTANE 15,024 91907 008323 2.4307 7,176 417,0 850 1,2433 0.4757 0.6626 0,66941 
6 IPENTANE 0.604 43,6 0,0318 0,1151 0,667 480 / 9,3 0.1155 0,0549 0.0715 0,27497 
7 NPENTANE 0;307 36,6 0,0267 0.0967 0,700 50,5 9,6 0,1214 0.0576 0.0744 0.21966 
8 OIL 12.076 1944,2 0,6352 5.1384 534,422 86041,9 12524,3 92.6011 98.1379 96.8072 0,00666 
TOTAL 1901.266 37837,2 100,0000 100.0000 577.122 87674,4 12937,3 100,000Q 100.0000 100.0000 

NO 
1 
2 

VAPOR MW = 191,901 
LIQUID MW =151,917 

TRAY NO 2 TEMP,F 
— WO - 

COMP MOLS 
METHANE 1637;979 
ETHANE 104:220 

VAPOR ENTHALPY a 13702953, BTUS 
LIQYIO LB/GAL = 6:777 LIQUID ENTHALPY _4006963; BTUS 

970 16 PRESS,PSIA 74,70 
al • • " VAPOR   LIQUID  

LBS MOL% WI % MOLS LBS GALS MDL% 
26276,5 84.2413 66,4624 12.187 195.5 7802 2,0864 
4936,4 8,4458 12.4.8.6.0 6.995 2100 6609 _1;1976 

WTX 
0.2220 
0,2388 

VOL% 
0.6006 
0.5137 

K-DATA 
40.37775 
7.05271 

3 PROPANE 89;926 3965.2 4,6249 10,0293 12,755 562,4 133,3 2,1836 0.6386 1.0235 2.11808 
4 I BUTANE 14;299 831,1 0,7354 2.1021 4.780 277,8 59,3 0,8183 0.3155 0.4553 0,89871 
5 N BUTANE 22.996 1336,5 1,1827 303805 t08153 59001 121,3 .1,7302 0.0701 0,9316 0.68041 
6 IPENTANE 1:271 91,7 0,0653 0.2319 1,366 98,5 19,0 0,2338 0.1119 0,3,455 0,27951 
7 NPENTANE 1:208 87,1 0,0621 002204 1,625 11743 22,3 0;2782 0.1331 0.1714 0.22322 
8 OIL 12.493 2011,4 0.6425 500875 534,264 8601604 1252086 91;4639 97,6701 96,1584 0,00702 
TOTAL 1944..390 3954509 10000000 100.0000 584.125 88068,3 13020,8 100,0000 100,0000 100.0000 

.VAPOR MW .= 20.333 
LIQUID MW =150:770 

TRAY NP TEMP4F 
• - 

NO COMP MOLS 

VAPOR ENTHALPY = 14261380 BTUS 
LIQUID LB/GAL 6.764 LIQUID ENTHALPY mg 

96,75 PREssosi4 74,70 
-- - • VAPOR " 

LBS MOL% WI % MOLS LOS 

4119298; BTUS 

LIQUID  
GALS MDL% WT% 

1 METHANE 1637.871 26274,7 83,9334 65.8009 /2.240 19683 78,5 2.0823 0.2225 
2 ETHANE 164.369 4940,9 8,4232 1203738 7.045 211,0 67,4 1;1985 0.2400 
3 PROPANE 91.306 4026,0 4,6790 10,0826 13.040 575.0 136,3 2,2185 0.6516 
4 I BUTANE 15.433 897,0 0,7969 2,2463 5,199 30282 64,5 0,8845 0.3424 
S N BUTANE 25:975 1509,7 103311 3.7808 11.568 67213 138,2 1,9681 0.7619 
6 IPENTANE 1,970 142,1 0,1009 0,3559 2,135 154,1 29,6 0,3633 0.1746 
7 NPENTANE 2.132 15316 0,1093 0.3853 2.894 208,8 39,8 0.4924 0.2366 
8 OIL 12.338 198604 0,6323 409746 533,667 85920,4 1250606 90.7924 97,3703 
TOTAL 1931:393 39930,7 100,0060 100.0000 587,788 80240,8 13060,8 100,0000 100,0000 

VAPOR MW s 20.463 VAPOR ENTHALPY = 143703120 BTUS 
LIQUID MW =150..124 LIQUID LB/GAL 6,756 LIQUID ENTHALPY 4135016, BTUS 



WAS . 

94,75
:
PRESiFSI 74.70 

VAPOR m 
MOL% WT % MOLE LBs 

LIQUID  
GALS MOL% WT% VOL% _KMDATA 

1637.914 2627514 83.7714 65.5189 12”.396 198,0 79,5 2.0961 0.2251 0.6075 39,96860 
164.415 4942,3 8.4097 12.3239 7,198 216,4 68,8 1.2173 0.2449 0.5257 6.90886 
91.,600 4019,0 4.6853 10.0715 13,415 591,5 140,2 2.2086 0.6696 1.0707 2.06534 
15:853 921,4 0.8109 2.2975 5.498 319,5 6802 0.9297 0.3617 0.5200 0.87224 
27,391 159200 1,4010 3.9697 12.614 733,1 150.7 4'0,330 0.8299 1.1510 0.65684 
2,739 197,0 0,141 0.4928 3.071 221,6 42,6 0.5194 0.2508 0,3255 0.26978 
3.401 245,4 0.1740 0.6119 4.772 344,3 65,5 0..8070 0.3898 0.5006 0.21558 
11.742 1890.4 0.6006 40139 432,392 85715,0 12476,7 90,0290 97.0292 95.2981 0.00667 

1955:055 40103,5 100.00N) 100.0000 5910355 88340,3 13092,3 100,0000 100,0000 100.0000 

P 20;513 VAPOR ENTHALPY 143859561• 81'05 
:149.386 LiQuIr LB/GAL 6,740 LIQUID ENTHALPY 4079602, BTUS 

TEMP,F 
.p, 01, 00 

MOLS 
1638.060 
164.565 
91.964 
16.153 

90.03 PRESS,PSIA 7400 _ . 
410 411, " VAPOR -  

LBS WI % MOL% 
83,6333 2627718 60.36/0 

4946.8 12.3044 $.4021 
4.6964 4056,0 10.0865 

938,8 2.3352 0.8247 

MOLS 
12,751 
7,566 

14.2'73 
5,990 

- ..... 

LBS 
204,6 
227,4 
629,3 
348,2 

W - a LIQUID  
GALS MOL% 
810 2,1352 
72,3 1',2669 
149,1 2.3900 
74,3 1.0031 

- 

WTX 
0.2312 
0,2571 
0.7114 
0.3936 

10 w • Mt 

VOLX 
0.6227 
0.5506 
1.1350 
0.5655 

10.41ATA 
39,16916 
6,63198 
1.96504 
0.82221 

28.438 16520 1.4519 4..11-11.- 14.156 822,7 169,1 2,3704 0,9300 1.2871 0,61254 
265,2 6o1876 0.6595..  4.457 321.5 6100 0,7463 0.3635 0,4707 0.25145 

5;279 380.9 0.2695 0.947.4 8.002 577,3 109.9 1.3399 0.6526 0.8364 0.20117 
10.468 .160P,8 04434e 4.1920 530.005 85330..8 12420,8 88,i 7484 96.4606 94,5320 0.00602 

1956.623 40203,6 100.0000 10000000 597.199 68461,8 13139,2 100,0000 1000000 100.0000 

R. m 1430.522.. 
148.128 

TEMP.!F 

MOLS 

LIQUID LB/GAL P 6,733 

79,72 PRESS:PS. 1A 74 
VAPOR Tfip 

L85 MOL% WI 

LIQUID ENTHALPY P 39 

70 

MOLS W 

3295, BTUS 

LIQUID  
GALS MOL% WT% VOLX K-DATA 

16:48.415 Z62g3#5 83,4025 65.1789 A31_.5_40._ 217,2 86,9 24283 0.7460 0,6592 37.42903 
164:932 4957,9 B.3958  1202947 8.435 253,6 80.6 1.3881 0,2872 0.6119 6.04832 
92.844 4093.8 4.7262.  101, 1521 0,325. 719.9 170,6 2.6866 0.8153 1,2942 1,75916 
16'1.646 0.8474 .:24395!2 _14143 415.2 $8,6 1;1755 0.4702 0.6721 0.72087 
29.980 1742.4 105261 4.3210 17.705 1029,0 211,5 2.9136 1.1654 1.6047 0.52379 
5;061 365,1 0.2576 0,9054 7.296 526,4 101,2 1.2007 0.5962 0.7661 0.21455 

613,9 0.4331 10223 0...293 1103.3 210,0 2,5167 1.2496 1.5935 0.17210 
8.081 130100 0,4114 3.2264 541024 84029.7 12231.4 65,6905 95.1701 92.7963 0,00479 

1964.467 40325.1 100,0000 10090000 667.662 80294,2 13180,9 100,0000 3.00.0000 100.0000 

= 20.527 VAPOR ENTHALPY = 141749211 BTUS 
x145.301 LIQUID LB/GAL s 6.699 LIQUID ENTHALPY 3568620, BTUS 

NET LIQUID E VAPOR LEAVING EACH STAGE 

TRAY NO 

NO COMP 
1 METHANE 
2 ETHANE 
3 PROPANE 
4 I BUTANE 
5 N BUTANE 
6 IPENTANE 
7 NPENTANE 
8 OIL 
TOTAL 

VAPOR MW 
1,1.000 MW 

TRAY NO 5 

NO COMP 
1 METHANE.  
2 ETHANE 
3 PROPANE 
4 I BUTANE 
5 N BUTANE 
6 IPENTANE 
7 NPENTANE 
e OIL 

TOTAL 

VAPOR MW 
LIQUID MW 

TRAY NO 

NO COMP 
1 METHANE 
2 ETHANE 
3 PROPANE 
4 I BUTANE. 
S N BUTANE 
6 IPENTANE 
7 NPENTANE__ 

OIL 
TOTAL 

\WU MW 
LIQUID MW 
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