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ABSTRACT  

The most difficult and time consuming aspect of 

the design of packed columns is the hydraulic part. 

If the designer wants to try many different conditions, 

many repetitive calculations will have to be performed. 

Also, some inaccuracy is incurred when trying to use 

the U.S. Stoneware curves. The graphs are hard to 

read and almost impossible to interpolate between the 

parametric lines. The purpose of the program is to 

give a more accurate calculation by using equations 

for the pressure drop lines, interpolating between 

them and correcting for gas density for each foot of 

packing. The program also allows changes in gas and 

liquid flow rates, gas density, packing type and size, 

bed height and column diameter which makes for easy 

comparison. between many proposed columns. 

Given the gas and liquid flow rates, gas and 

liquid densities, liquid viscosity, column pressure 

and temperature, type of packing, and whether the 

system is foaming or nonfoaming, the program will 

will develop the optimum column design based on the 

characteristics and restrictions of the program. 

The program will specify packing size, the maximum 

allowable bed height, total and incremental pressure 



drop through the packing, superficial vapor velocity 

and percent of flooding. For each foot of packed 

height it will also interpolate between the pressure 

drop lines and correct for the effect of pressure on 

the gas density. 
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INTRODUCTION  

In almost all of our chemical processes today 

there is some area involving either absorption, 

stripping, scrubbing, distillation or extraction. 

A common unit used in these operations is the 

packed tower. The usual purpose of the tower is to 

bring into contact a gas stream with a liquid stream. 

Almost all towers use counter current flow, the liquid 

entering the top, where it is distributed over the 

packing by some kind of distributor, and the gas enters 

the base of the column. 

Packed columns lend themselves well to (a) a 

higher vapor-low liquid loading or low-vapor high 

liquid loading service; (b) where highly corrosive 

materials are to be handled; (c) where harmful 

contamination from metals might be encountered, such 

as in food and drug materials; and (d) where a small 

size would make the design of conventional fraction-

ating plates difficult and the construction would be 

relatively more expensive. 

Since the packing material (ceramic substances, 

porcelain, glass, clay tile, and carbon) is essentially 

inert, one of the most important applications is in 

1 
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the area of handling corrosive materials. 

The most widely used design criteria used are those 

of the Norton Company, formerly U. S. Stoneware. There 

have been some modifications made with their data 

presented in "Design Information for Packed Towers", 

Bulletin DC-10, 1967. Most of these are in the packing 

factors listed. Some packing factors have been added 

where there are none and some have been corrected for 

the values X----(L/C)(ecVeL)2. Those may be seen in the 

Appendix. 

Packed towers will be discussed in general in the 

following chapter. The method of operation, types of 

packing, and advantages to each, pressure drop and 

flooding will be discussed. After the basics have been 

discussed, the method of hand calculation, and computer 

calculation will be discussed. 
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METHOD OF OPERATION OF A PACKED COLUMN  

Faust
1 reference gives an excellent description of 

the way in which a packed column works. See Figure 1. 

Phase L enters the top of the column and is 

distributed over the surface of the packing 

either by nozzles or distributor plates. In 

most of the mass-transfer rate operations, 

phase L will be liquid. Thus the liquid, upon 

good initial distribution, will flow down 

through the packing by tortuous routes, thereby 

exposing a large surface area for contacting 

with the rising V phase. The V phase will 

enter the bottom of the tower and rise upward 

through a similar path. The V phase for 

absorption and distillation is a gas or vapor, 

and in extraction is a liquid. 

Packed towers like all other phase contacting 

equipment, have limitations in their capacity to handle 

vapor and liquid loads, In distillation, the ratio of 

vapor and liquid is fixed by the reflux ratio. The 

operating limits, therefore, lie between the minimum 

reflux ratio and total reflux ratio and total reflux. 

For a given distillate rate the actual quantities of 



Figure 1 
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vapor and liquid are fixed in relation to the minimum 

or total reflux. The limitations are based on 

product specifications. 

For a given column and packing, for a given system 

and separation, the limits may be shown in Figure 2. 

In addition to the operating limits imposed by 

separation of the desired components, in terms of 

interrelated liquid and vapor quantities, there are 

other limits to capacity which must be realized. With 

high liquid and vapor rates the column will flood. 

When this happens, the liquid fills the column occupying 

the flow spaces between the packing. With low liquid 

and gas rates, or both, there is insufficient flow to 

cover the packing with liquid, and bypassing of liquid 

and vapor takes place with a very low efficiency of 

mass transfer. Including these limits Figure 3 shows 

the maximum and minimum operating range of any packed 

column. 

There are still further capacity limits imposed by 

poor efficiency of contact at low liquid and vapor rates 

and by excessive pressure drop at the high rates of 

flow. When these are plotted on a performance chart, 

the area A indicated on Figure 4 is the performance 

area. 
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Figure 2  
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Figure 3  
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Figure 4  
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STEPWISE PROCEDURE FOR DESIGNING A PACKED COLUMN  

1. There are many methods which are acceptable in the 

design of a packed column. The most widely used, 

however, is that of U. S. Stoneware. Since their 

packing is the most widely used at present I have 

decided to use their method of hand calculations, 

packing factors, etc. 

2. The following procedure is that which is outlined 

in Bulletin DC-10, 1967 "Design Information for 

Packed Towers", by the U. S. Stoneware Corporation. 

3. Calculate the value of X, the abscissa on Figure 5 

of the U. S. Stoneware pressure drop graph. 

L  

where: L = liquid flow rate, #/hr. 

G = gas flow rate, #/hr. 

gas density at the top of the 
column, #/cu. ft. 

eL = liquid density, #/cu,  ft. 

If X = 0.5 or less, go to the pressure drop line of 

P = 0.75. 

X = between 0.5 and 3.75, go to P = 0.50 

X = is greater than 3.75, go to P = 0.25 

(1) 
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4. Calculate the vapor rate from the equation on the 

ordinate of the graph. 

(

G 7.5 
 ye., EL 97, 

F-- 4,,,W1 

where: G = vapor rate, #/hr sq. ft. (for this 
packing size) 

Y = ordinate on Figure 5 

gc= 32.2 

tf =  62.4  
eL 

e. gas density at the top of the column, 
#/cu. ft. 

et. - liquid density, #/cu. ft. 
F = packing factor (see Table 1) 

"14. = viscosity of liquid in centipoise 

As a starting point, assume an F factor for a 1" 

packing size. 

If F is less than 150, = 0.1 

T is greater than 150, -11.= 0.2 

5. Calculate a rough column diameter: 

G'(Acutal Rate in ##/Hr)  "5 
(3) D = 1.13 (From Step 2) 

6. Calculate a packing size and substitute for the 

value assumed above: 

Using Raschig Rings: Packing size = D/30 

(2) 
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Saddles: Packing size = D/15 

Pall Rings: Packing size D/10 but 
D/15 

7, Obtain a new value for G, using the corrected 

packing factor, and recalculate the column 

diameter. 

8. Calculate the actual velocity (based on conditions 

at top of column): 

V (51 OE (4) 

9. Calculate the flooding velocity: 

Repeat the above procedure using the flooding line 

(the 1.5" line for Raschig Rings) and calculate 

the value of GF at flooding. 

(5) 
36C0 eci  

where: VF = the flooding velocity, FEET/SEC. 

10. Calculate the percent flooding: 

% Flooding —  Vex 100 (6) 

Some types of packing flood at a higher pressure 

drop than others, thus a Pall Ring or a Saddle 

packed bed will ordinarily not flood below a 

pressure drop of 2" H20/ft. A Raschig Ring packed 

bed will flood at a pressure drop of li" 1-I20/ft. 
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or less. If a foaming system is being considered, 

the column should be operated at less than 50% of 

the calculated flooding point. 

11. Establish the maximum allowable bed height: 

For Raschig Rings: 2.5 to 3 Diameters 

Saddles: 5 to 8 Diameters 

Pall Rings: 5 to 10 Diameters 

Bed heights should never exceed 20 feet. 

12. Calculate the total bed pressure drop: 

For columns operating at or above atmospheric 

pressures, the total pressure drop for a given 

column can be obtained by multiplying the pressure 

less per foot of packing by the total bed height. 

The pressure drop for columns operating at 

subatmospheric pressures must be established by 

calculating and summing the individual pressure 

drops across incremental sections of the bed as 

outlined below. 

a) Starting at the top, calculate the pressure 

drop for the first increment of packing and 

add it to the column head pressure. 

b) Correct the gas density for the newly 

calculated pressure below the first increment. 

c) Re-evaluate X and Y get a new AP from the graph. 
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d) Establish the pressure at the bottom of the 

second increment by additing the newly 

calculated AP to the pressure at the top of 

this increment. 

e) Continue the pressure drop calculations for 

each increment of column height until the 

pressure at the bottom of the bed has been 

established. 

f) Establish the total bed pressure drop by 

subtracting the top pressure from the 

calculated bottom pressure. 



COMPUTER CALCULATION METHOD 

The method of calculation described in the 

previous chapter may be used for individual cases but 

this method is far from adequate for optimization work. 

If limits such as bed height or pressure drop are 

imposed, one may easily change the column height, 

diameter, etc. to meet these specifications. As was 

stated before, many columns may be calculated in a 

relatively short time. The average time per calculation 

is less than one minute on the IBM 1130. It is much 

shorter on the IBM 360 and perhaps a little longer on 

the G.E. Timeshare. This program has been used on all 

three systems. Although the 1130 is the slowest, it is 

also the most convenient because the sense switches 

are the easiest and fastest method to make a change in 

the column conditions. For example, if you wish to 

change the column diameter, you flip up switch 2 and 

type in the new column diameter (See Program Options). 

The calculation method is generally based on that 

used by the Norton Company (formerly U. S. Stoneware), 

as outlined in Bulletin DC-10 titled "Design 

Information for Packed Towers," 1967. The data 

contained in this manual was developed by Eckert, 

Prate, and Walter. 
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The program consists of a main program, sub-

programs, and data files. The data fed into the 

programs are: liquid flow rate (#/hr.), gas flow rate 

(#/hr.), liquid and gas densities (#/ft.3), liquid 

viscosity (centipoise), operating temperature (degrees 

Kelvin), operating pressure (pounds per square inch), 

type of packing, and whether it is a foaming or non- 

foaming system. 

The equations of the pressure drop curves were 

found by multiple regression analysis. The equations 

included in the program are those in the Stoneware 

Bulletin plus others. The values of the pressure 

drops included are Delta P = 0.05, 0.07, 0.10, 0.15, 

0.25, 0.35, 0.50, 0.75, 1.00, 1.50, in H20/ft, and 

the flooding line. The equations may be seen in 

Table 2. They are plotted on Figure 5. The additional 

curves plotted are for the values of Delta P = 0.07, 

0.15, 0.35, and 0.75, in H20/ft. These additions 

make for greater ease of interpolation and greater 

accuracy in the values for the pressure drop. The 

main program, which will be discussed later, executes 

the main calculations. The sub-programs consist of 

one for the options after the optimum column is 

obtained, some logarithmic transformations, and 
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interpolation. The data files include packing factors, 

packing sizes, round-off values for the column 

diameter and pressure drop values. 

The method of calculation will now be discussed: 

1. The values of the gas and liquid flow rates, gas 

and liquid densities, the temperature, liquid 

viscosity, pressure, foaming or non-foaming, and 

packing type are read from the data card and 

printed out. 

2. An abscissa value is assigned on the data files for 

the packing type. (See data file arrangement) 

3. The value of X, the abscissa on Figure 5 is 

calculated from the following equation: 

X = (WLF/WGR) * (RHOG/RHOL) * * 0.5 (7) 

If X = 0:5, an initial pressure drop line of 

0.75 inches of I-120/ft. is chosen. 

If X = 3.75, an initial pressure drop line of 

0.05 inches of H20/ft is chosen. 

If X = 3.75, an initial pressure drop line of 

0.25 inches of H20/ft. is chosen. 

4. A value of Y is calculated from the X value on the 

chosen equation from: 



Y = EXP (C1 + C2 * XLN -4- C
3 

XLN * * 2 + C 

XLN * * 3) 
(8) 

5. An initial packing factor is determined. A 1" 

packing size is used to start. 

6. Depending on the packing factor, a value for the 

exponent is determined. 

If F = 150 = .1 

F > 150 = .2 

7. A crude value of G is calculated: 

G = SQRT (Y * RHOG * RHOL * GC)/(F * PSI * 

VISCL * * UM) (9) 

8. A crude value for the diameter is calculated: 

DIAM = 1.13 * (WGR/G) * * 0.5 (10) 

The value calculated is rounded up to the nearest 

2" if the column diameter is less than 3 feet and 

6" if the column diameter is more than 3 feet. 

9. Having obtained a diameter, a packing size is 

calculated. 

If the type of packing is 

Raschig Rings: PAKSZ = DIAM/30 

Saddles: PAKSZ = DIAM/15 

Pall Rings: PAKSZ = DIAM/12 

17 
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10e A new packing factor is obtained and G and the 

diameter are recalculated. 

11. The flooding conditions at the calculated value 

of X are now determined. 

VF = EXP(C1 + C2 * XLN C
3 
* XLN * * 2 + C * 

XLN * * 3) (11) 

GF = SQRT (YF * RHOG * RHOL * GC)/(F * PSI * 

VISCL * UM) (12) 

The cross-sectional area based on the diameter 

is given by: 

AREA = 3.1416 * (DIAM/2) * * 2 (13) 

VF = GF/(3600 * RHOG) (14) 

V = (WGR/3600)/(RHOG * AREA) (15) 

PERFL = (V/VF) * 100. (16) 

Where: YF = the value of the ordinate at the 

flooding conditions. 

GF = the value of G at the flooding 

conditions. 

V = the actual vapor velocity. 

PERFL = the percent of flooding. 

12. A bed height is now calculated based on the 

packing type and column diameter. 
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If the bed height is less than 20 feet, the bed 

height is rounded up to the next foot and printed 

out. 

If the bed height is more than 20 feet, the bed 

height is set equal to 20 feet and printed out. 

13. The program now goes through a series of trial 

and error calculations until the value of Y at 

the given X value falls between two Y values 

obtained from two pressure drop equations. A 

linear interpolation is done to get a value for 

the pressure drop in the first foot of packing. 

ALPHA = (Y YX)/(PYX - YX) (17) 

DELTP = DPRES .(1)/1 - 1) + ALPHA * (DPRES(M) 

DPRES(M -1)) (18) 

The pressure drop calculated for this interval is 

then added to the original pressure at the top 

of the column. 

The gas density is then corrected for the change 

in pressure and a new Y value is calculated. A 

new pressure drop is calculated and so on for each 

foot of packing, until the sum of the feet of 

packing is equal to the bed height. The absolute 

values for the pressures at each foot are printed 
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out as is the total pressure drop across the 

column. 

14. A final vapor velocity and percent of flooding 

is calculated and printed out. 

V = (WGR/3600)/(RHOGA * AREA) (19) 

PERFL = (G/GF) * 100. (20) 

15. The program now goes into the option program which 

is discussed in the next chapter. 
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PROGRAM OPTIONS  

After the final printout and before termination 

of the program, the following options are available 

to the designer: 

1. Rerun the program using a different column 

diameter. 

2. Rerun the program using a different bed height. 

3. Rerun the program using a different type of 

packing. 

4. Rerun the program using a different packing 

size. 

5. Rerun the program using a different gas or 

liquid flow rate. 

6. Rerun the program using a different column 

pressure and temperature. 

If any change made in the optional portion of the 

program gives performance values above the flooding 

line, the program will suggest a change of the column 

diameter or packing size. If the calculated be height 

exceeds 20 feet, the printout from the main program 

will limit the permissable height to 20 feet. If a 

bed height greater than the macimum allowable bed 

height is obtained, the program will offer the 

following choices: 
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1. The designer may use this bed height 

regardless of the limit. 

2. The designer may use the maximum allowable 

bed height. 

3. The designer may type in any bed height 

he wishes. 
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PROGRAM CHARACTERISTICS AND RESTRICTIONS  

The following section suggests the characteristics 

and restrictions set up in the program. Any of these 

may be altered by a few changes in the program. These 

characteristics are suggested by the U. S. Stoneware 

and the writer's design experience. 

1. An arbitrary limit of 20 feet for the bed height 

has been set. If, on the basis of the packing 

size and column diameter a bed height greater than 

20 feet is calculated, the program will type out 

that the limit has been exceeded. It has been 

suggested by the U. S. Stoneware Corporation that 

20 feet be the limit. If more feet of packing 

is required, it should be broken down into smaller 

beds. For example, if 45 feet of packing are re-

quired, it may be broken down into 3 - 15 foot 

beds, 60 feet 3 - 20 foot beds, etc. 

2. Packing sizes are limited to 1/4, 3/8, 1/2, 3/4, 

1, 1 1/2, 2, and 3 inches. An additional type of 

packing (see #3) or packing size may be added to 

the data files. All that is needed for the 

addition is the packing factor. An even easier 

way is to find a packing size listed in the 
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appendix which has the packing factor for the 

desired packing. This eliminates changing the 

data files. 

3. Types of packings are restricted to ceramic or 

plastic Intalox saddles, ceramic Raschig Rings, 

metal and plastic Pall Rings. Any additional 

types of packing may also be used with some changes 

in the data files (see #2). 

4. Calculated diameters below 3 feet are rounded up 

by 2 inches and those equal to or above 3 feet are 

founded up by 6 inches. Example: (4.15 feet is 

rounded to 4 feet 6 inches). 

5. Packing sizes are calculated as follows. If the 

type of packing is: 

Raschig Rings, the packing size is equal to 

the diameter of the column (in.) divided by 30. 

Saddles, the packing size is equal to the 

diameter of the column (in.) divided by 15. 

Pall Rings, the packing size is equal to the 

diameter of the column (in.) divided by 12. 

They are rounded down to the next smallest size. 

6. The bed height is calculated as follows. If the 

type of packing is: 
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Raschig Rings, the bed height is equal to 

2.6 diameters. 

Saddles, the bed height is equal to 

6.0 diameters. 

Pall Rings, the bed height is equal to 

7.0 diameters. 

The bed height is rounded up to the next largest 

foot. 

7. An option change in diameter does not affect the 

packing size, but may change the bed height. 
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COMPARISON OF EQUATIONS OBTAINED FROM REGRESSION ANALYSIS  

VS. 

ESTABLISHED VALUES FROM U. S. STONEWARE  

Equation for the parametric lines on Figure 5 were 

obtained by regression analysis. The deviations of 

these equations may be seen in Table 2. The regression 

analysis program gave equations which were all within 

2%. 

Values at 6 different values of X were obtained for 

each curve for comparison purposes. The comparison's 

may be seen on the following pages. Due to the very 

close values of the curves and equations, a graph of any 

kind proved to be inadequate for comparison. A table 

comparing the values proved to be more effective. 

Comparison of established values of U. S. Stoneware 

curves vs. values calculated from equations obtained by 

regression analysis. 

FLOODING LINE  

X  Y Stoneware  Y Equation  

0.01 0.208 0.208 

0.04 0.195 0.193 

0.20 0.090 0.091 

1.0 0.022 0.022 
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FLOODING LINE  

(CON'T)  

X Y Stoneware  Y Equation  

4.0 0.004 0.004 

10.0 0,001 0.001 

1.5 in. 110/ft. Packing 

0.01 0.137 0.139 

0.04 0.087 0.092 

0.20 0.054 0.054 

1.0 0.018 0.018 

4.0 NA 0.003 

10.0 NA NR 

1.0 in. H 0/ft. Packing 

0.01 0.107 0.107 

0.04 0.087 0.092 

0.20 0.054 0.054 

1.0 0.018 0.018 

4.0 NA 0.003 

10.0 NA NR 
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X  Y Stoneware  Y Equation  

0.75 in. F20 t. Packing  

0.01 0.084 0.087 

0.04 0.073 0.073 

0.20 0.047 0.047 

1.0 0.015 0.015 

4.0 NA 0.002 

10.0 NA NR 

0,50 . H /-L. Packing  

0.01 0.062 0.061 

0.04 0.058 0.058 

0.20 0.040 0.039 

1.0 0.013 0.013 

4.0 0,002 0.002 

10.0 NA NR 

0.35 in. 1220/ft. Packing, 

0.01 0.051 0.048 

0.04 0.043 0.043 

0.20 0.032 0.028 

1.0 0.010 0.010 

4.0 NA 0.002 

10.0 NA NR 
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x  Y Stoneware  Y Equation  

0.25 in. H20/ft. Packing  

0.01 0.038 0.038 

0.04 0.032 0.033 

0.20 0.021 0.020 

1.0 0.007 0.007 

4.0 0.002 0.002 

10.0 NA NR 

0.15 i.n. ?7_20/t. Packing  

0.01 0.025 0.025 

0.04 0.022 0.022 

0.20 0.013 0.012 

1.0 0.005 0.005 

4.0 NA 0.001 

10.0 NA NR 

0,10 in. 20/ft. Packing  

0.01 0.018 0.018 

0.04 0.016 0.016 

0.20 0.010 0.010 

1.0 0.004 0.004 

4.0 0.001 0.001 

10.0 NA NR 
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X 

0.07 in. H20/ft. ?ackin  

0.01 0.011 0.011 

0.04 0.010 0.010 

0.20 0.007 0.007 

1.0 0.003 0.003 

4.0 NA NR 

10.0 NA NR 

0.05 in. H20/ft. PackLrg  

0.01 0.006 0.006 

0.04 0.005 0.005 

0.20 0.004 0.004 

1.0 0.002 0.002 

4.0 NA NR 

10.0 NA NR 
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OPERATING INSTRUCTIONS  

If the IBM 1130 or 360 is used, only one data 

card is needed. If the G.E. Timeshare is used, the 

input information is transmitted to the computer by a 

series of questions and answers. 

An important step for a successful design is the 

proper setup data card. The following form should be 

used when using the 1130: 

1) DATA  UNITS  SPACES  FORMAT  

Liquid Flow Rate Pounds Per Hour 1-10 F10.2 

Gas Flow Rate Pounds Per Hour 11-20 F10.2 

Liquid Density Pounds Per 
Cubic Ft. 

21-27 F 7.3 

Gas Density (top 
of column) 

Pound Per 
Cubic Ft. 

28-34 F 7.5 

Temperature Degress Kelvin 35-41 F 7.2 

Liquid Viscostiy Centipoise 42-47 F 6.3 

Pressure (top of 
column) 

PSIA 48-53 F 6.2 

Non-Foaming 0 54-56 I 3 

Foaming 1 54-56 

Packing Type None 57-59 I  3 
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The following numbers should be used to represent 

the respective types of packing: 

1. Intalox Saddles - Ceramic 

2. Intalox Saddles - Plastic 

3. Raschig Rings - Ceramic 

4. Raschig Rings - Metal (1/16" Wall) 

5. Raschig Rings - Metal (1/32" Wall) 

6. Pall Rings - Plastic 

7. Pall Fings Metal 

2) Arrange cards in the following manner: 

1. // XEQ PKTW 3 

2. * Local PKTW, MIRE, JUDI 

3. I Files (11, SINTC) (12, SINTO)--- 

4. * Files (17, PACRM) (IP,---) 

3) Execute program. 

4) After the typewriter has written out several 

options, turn on switch 5 plus any other swith for 

the desired change. Push program "Start" and with 

the "Keyboard Select" light on, press the "Numeric" 

button and type in the desired value. 



NOMENCLATURE  

ABCS Abscissa value for data file, integer 

AREA Cross sectional area of the tower, ft.
2 

BEDH Height of packed bed, ft. 

BOTBP Column pressure at points in the packed bed 

PSIA 

DELTP Pressure drop, inches H20/ft. packing 

DIAM Diameter of tower, ft. 

DPRES Variable refers to data file material 

DPH2O Total pressure drop, inches of H20 

F Packing factor 

FOAM Indicates foaming system 

G Mass flow rate, lb./hr.-ft.2  

GE Mass flow rate at flooding, lb/hr.-ft.2 

GC 0.47 x 109 (constant) 

NORDI Ordinate value for data files, integer 

PAKSI Packing size, in. 

PERFL Percent of flooding, % 

PRTP Type of packing, integer 

PSIA Column pressure, PSIA 

RHOG Gas density, at top of column, lb/ft.3 

RHOGA Corrected gas density, lb/ft.3 

RHOL Liquid density, lb/ft.3 
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SUM Operating pressure, inches of water 

TEMP Operating temperature, degrees kelvin 

UM Exponent 

V Superficial velocity, ft./sec. 

VF Superficial velocity at flooding, ft./sec. 

VISOL Viscosity of liquid, centipoise 

WGR Gas flow rate, lb./hr. 

WLF Licuid flow rate, lb./hr. 
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Table 1  

SHERWOOD ARCTSSA  
(From Bulletin DC-10, U.S.  

Stoneware) 

Packing Factors  

= 3.75 o,5-3.75 0.5  

RSRM 6 14 RASCHTG RINGS , 
METAL 1/16" WALL 

1/4 - in. 0 0 0 

3/8 in. 0 0 0 

1/2 - in. 0 0 0 

3/4 - in. 220 220 220 

1 - in. 77 122 144 

1 1/2 in. 43 65 85 

2 in. 38 54 71 

3 - in. 32 32 32 

FILE NO. 18 
PACKING SIZE D 

FILE NO. 19 
ROUND OFF VALUES 
FOR DIAMETER 
ARRAY L 

FILE NO. 20 
PRESSURE DROP 
CURVES ARRAY 

DPRES 

D (1) = .25 

D (2) = .375 

D (3) = .5 L (1) = 2 DPRES(1)=.05 

D (4) = .75 L (2) = 4 DPRES(2)=.07 

D (5) = 1 L (3) = 6 DPRES(3)=.1 

D (6) = 1.5 L (4) = 8 DPRES(4)=.15 

D (7) = 2 L (5) = 10 DPRES(5)=.25 

D (8) = 3 L (6) = 12 DPRES(6)=.35 

DPRES(7)=.50 

DPRES(8)=.75 

DPRES(9)=1.00 

DPRES(10)=1.50 
DPRES(11)= 
FLOOD ING=2 
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SHERWOOD ABCISSA Packing Factors  

X = 3.75 0.5-3.75 0.5  
PALRM 17 - PALL RINGS, METAL 

1/4 - in. 0 0 0 
3/8 - in. 0 0 0 
1/2 - in. 0 0 0 
5/8 - in. 70 70 70 

1 - in. 42 42 52 

1 1/2 - in. 31 36 28 
2 - in. 20 25 25 
3 - in. 0 0 0 

PALRP 16 - PALL RINGS, PLASTIC 

1/4 - in. 0 0 0 
3/8 - in. 0 0 0 
5/8 - in. 97 97 97 
3/4 - in. 0 0 0 
1 - in. 0.024 Wall 52 52 52 

1 1/2 - in. 0.030 Wall 32 32 32 
2 - in. 0.036 Wall 25 25 25 
3 - in. 0 0 0 

RSRM 3 15 RASCHIG RINGS, METAL 
1/32" Wall 

1/4 - in. 0 0 0 
3/8 - in. 390 390 390 
1/2 - in. 300 300 300 
3/4 - in. 170 170 179 
1 - in. 115 115 115 

1 1/2  - in. 0 0 0 
2 - in. 0 0 0 
3 - in. 0 0 0 
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SHERWOOD ABCISSA Packing Factors  

SINTC 11 - INTALOX, CERAMIC X = 3.75  0.5-3.75  0.5  

1/4 - in. 

3/8 - in. 330 330 330 

1/2 - in 200 200 200 

3/4 in. 130 135 145 

1 - in. 84 91 98 

1 1/2 - in. 39 449 52 

2 - in. 31 34 40 

3 - in. 20 20 22 

SINTP 12 - INTALOX, PLASTIC 

1/4 - in. 0 0 0 

3/8 - in. 0 0 0 

1/2 in. 0 0 0 

3/4 - in. 0 0 0 

1 - in. 32 32 32 

1 1/2 - in. 0 0 0 

2 - in. 21 21 21 

3 - in. 14 14 14 

RSRC 13 - RASCHIG RINGS, CERAMIC 

1/4 in. 1/16 - in. Wall 1600 1600 1600 

3/8 - in. 1/16 in. Wall 1000 1000 1000 

1/2 - in. 3/32 in. Wall 580 580 580 

3/4 - in. 3/32 in. Wall 210 255 255 

1 - in. 1/8 - in. Wall 120 155 160 

1 1/2 - in. 3/16 in. Wall 65 95 95 
2 - in. 1/4 - in. Wall 50 65 65 

3 - in. 3/8 - in. Wall 37 37 37 
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Curve  Equation  

Inches of Water Per 
Foot of Packing 

Flooding Line Y = EXP (-3.827927-1.080819x-.1176425x
2 

+.002296566x3) 

1.50 Y = EXP (-3.98846-.994090x-.1573365x
2 

-.007954698x ) 

1.00 Y = EXP(-4.0246Q)-.9219081x-.1583744x2 
 

-.009222639x 

0.75 Y = EXP ( 4.16872-1.007839x-.2231154x
2 

-.01959140x-') 

0.50 Y = EXP (-4.326525-.9312685x-.1820800x2  
-.01132091x33) 

0.35 Y = EXP (-4.624 82-,9174.872x-.1861755x2 
-.01339159x ) 

0.25 Y = EXP (-4-.93591-.8675696x-.1522480x2 

-.009138094x-') 

0.15 Y = EXP (-5.26510-.8076304x-.1366381x2 

-.007560742x-)) 

0.10 Y = EXP (-5.48522 7693485x-.1346535x 
-.007927142x,) 

0.07 Y = EXP (-5.872896-.7226284x-.1429932x
2 

 
-.01049381x3) 

0.05 Y = EXP (-6.249128-.6162116x-.1397602x
2 

-.01208522x3) 



1'4 .A I r r 
‘.1 it. D M*)  

‘Figure 5 

L LIQUID RATE, LBS./SEC., SQ. FT. 
G GAS RATE, LBS./SEC., SQ. FT. 
A = LIQUID DENSITY, LBS./CU. FT. 

GAS DENSITY, LBS./CU. FT. 
F PACKING FACTOR 
p VISCOSITY OF LflUD CENTIFOISE 
itr RAT I 

0, 
 p_r\l,T_y 
DENS II Y Or LIQUID 

GRAVITATIONAL CONSTANT 32.2 
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--~~ % E J
-------'---- '-~~'----------------' ---------------''~------_'---- 

I-TEGEKA^[ ' 

COwmDMDlAa,P-EDH,lPKTP,PAKSl,C"D*L^DPRES"RHO6.RHOL. ,qLF,yG|<,VlSCL ,P6 ----- --~IAtlF0Am,G{^  PSI ,u"Y.G. PER FL.ul.F,xLN,ND.Im,DPHZ0.v.A°3^sNOKD I^IAo[u 
2*IDEDH.RHV6A,AREAvCPS!A~K,Kl.GF°DFvTE~Pl,TEVp2,~~uUl~Y~wE"LL~ 1 L , lu 

'-_- - 3o~R"lZ 
- ---' -- ---- '- -' - - - 

DE7 FluEFILE11(8^69U9lJ) 912(0^6^V9Jl) ^1318^6^U,IK> ^l4<8"6^u"KI> ^ -------1l5(8,6,u,JK) ,]6(8969-U.KJ~ lI7(8.6,U9L#)  
2q) ,20(ll.2.U.%l) 

ImFOR.1,~xTIUN_ FOR PACKED TOx[RS',}0x"` F'w SC
- 

l*nIDT^///} --'-` CALL DATSw(51IS5) -------'---'------------------------'-~- - --' 

~ IF (IS5 - 2) 11 OrI5^l5 
_----10'G0T0(57O,60O9l2U,2909I60'~160.'670)'t C

-------- ---------- - 

15 V'RITE(3^5) 
-----20 FQRM4T(2F13,2.F7o39F7°5,F7-2.F6°3~F6*~2.213)'- ' -- 

- 

READ( 2.2o>A'LF,~GmvRHOL" , l ~ ~. RHO~TE*P,vS~p5lAolFOAH,~P K TP 
r ---- 

CpSlA = S I A ' ---' -- ' - -- - ' 

25 FORMAT(' LIQUID FLDw RATE = 1 9F9.2,2x^^ POUNDS PER -~ouR^//' GAS 
-------lFLO~Al RATE - - =",F9^Z,2x.' POUNDS PER HOUR `//' GAS DE,":,SlTY',9xv 

]«='vFll°4v` p~u-NIDS PEP, CV31 C FoOT'//' LlOulD oENS17Y =!.p9°2, ---- 12X9 1  PDUiNLDS PEP CUB!'- POOT'/// LIQUID VISCOSITY ='9Fv.212X~ 
l ^ CENTlP0TSE'//^ _-oLV«\ PRE6SU~E_ =^.Fllo4,^ PSIA'//" TEvPERATV 

---~ IRE =^^F9"2"2X9v DE -_~EES KELVl"') - 

V,RITE<]°Z5>eLF9 _,~ R^RH -0G^R:'_`Lvv1SC L,pSlA.T E~Pl ----'-3O  
FOR ~ ~ ~ ~T(lDv'pu'l NG SYST[M

"> ---- '- '--'--'-------'- 

35 FORMAT( lHO°^fXN-FOimING SYSTE14 1 > 
--' '4O 9Jnl-lA7(" THE BED HEIGHT IS GREATEl~ THA;,, THE LI.milT OF 20 FEET, TnER 

' lE~ORE IURN ON Si.11TCH Z To TYPE IN A NEw BED *ElGHT°"o/^' PUSH aTAk __-- > _ --_~ - __ - _ - _ 1T° , ~~ - -_-_ - 
45 FORuAT(^ COLUMN CONDITIONS HAVE CAUSED FLUUDl~G" THEREFORE lmCwEA 

---'---'l~~ T*~ ~OLU~~ DI~v~T[~ CR ~A[~lmE; SIZE ') -- 

50 FO9xAT(/ THERE IF NO P4[K FACTOR LISTED FOR THIS PACKING SIZE A 
--'---''-lND TYPE. THEREFORE TYPE In ~A NEW SIZE OR TYPE.'> 

' 
55 F-DRkIxTC'THE PERCENT OF rLooD/nG 15 EQUAL TO OR onL47ER THAN 1001,7M 

---' lEREpORE TURN ON Slo!JT[n l TO TYPE 1  NEW COLuMA DIAwETER"'/^/ Pu5ri 
l5TAnT~^) , 

----- - DO -6O- l=I 18-- 
----'-----'------------------'------'--- 

8O RE xD( 18 ' 1) D(l) - -- Do 65 J=l,a - - ------------ ---------'' ------------ - --- --- 

8~ READ ( I0* J ) L(J) 
'---- D0 70 M=l,l~ 

----'---------------------'------'-------- -- ---' 

70 RExD(2D'~) UPRES<M~ --------IL --- -- ------------------------'----- '--'-'-'--- 

lR = n 
' -- - 

ID 
-= 

n 
 -'----------------'---'---- -----'--'---------''- - - 

lz = 0 - - - IF (%r0Av) 80980^75' ---'--'------------- - -'----- ' -- - 

75 uR7TE<3,3D> -------'-'GOT0 }Zo -'------------------------ -__-------------------''--- ' 

80 t-:RlTE(305) 
--- 85 F0P:Al(////////' TYPE 'OF PACK [uG -- - 'CERAMIC OR [AkdV* IuTALo 

IX SADDLES'/) ' - 90 F0R%'AT(////////^ TYPE OF PACKING ' - PLASTIC INTALUx SADDLES' 
l/) 

---- 95 rpnnAT(////////` TYPE OF PACKING* ----- `cExA.4IC On CAkUou RAs[nx 
I6 RINGS'/) '~ -- IOO FOq~AT(////////' TYPE 0F'PACKING 1/16 lw^ WALL wElAL KkSC 
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lRIG RlN63'/> ~ 
~TYPE OF'PACKJN(~~-----' -IZ32 -lN0-- WALL METAL KA5[ 

lH%G RINGS'/) 
-.-'l 10 FOR wAT<////////^ TYPE ~0F P4CKING ----' '~L46Tl{ PALL R[w6S^/> 

115 FORmxT<////////° TYPE OF PACKING METAL PALL RINGS'/ ) ' 
120` GO TO< 125^I 3 O,l 35 914 09145*I5O9l5 5> 91PK~TP ' -' 
135 NR[TE(3935) -'--- A'- -I ~ ' ---------- ------'--------------------------------'----' 

GOTO 160 -130 HRITEC3990> '-'-'----~--~------'-------- -' - -'----' --- ' 
A=3 --  '-GOT0 160 '- '~-----' ------`-'-'- ---- --- - '-- -- ' 

135 WRITE(3995) ` 
------A- -~r'3  

G0TO 160 ~ -140 uRITE(39100) ' -'----'----~----'-- --' -- -'---- ' -~ -~' 
A=4 
G0T0 160 ~ ' ----- '-- - --- ----- - -~ ^- ^~--- - 

145 xRlTE<3^I05> 
A = 5 

 

6OTD 160 --%5O wRlTE(3,llO) ' ----------------- --'-- -----' -------- ' ' 
~A=6 ~ 
GoT0 160 -' ^'----''-- ---------- -~--- - -~ ' 

155-  V,RlTE(3,115)  
'--~ 'A~ = 7 —'-------------------- ---~-~-------'----''------' - 

160 x = (wLF / x5R) * (RHOG RHOL) * * "5 '-- IF (X - ~5) 165.165`l7O - -- ------'---- ------~----- ---- - -' ' 
165 xLm = 4LOG(X) 
-- ' Y = EXp( - ^416a572 ,---Ol'- °I007939E01 o  XLm - _2Z3ll54E7 OO * XLN * * 

17 - °1,1,58140E Ol * XLN * * 3) =  5 - ---------'---------~-----'-----_--------- --'------'-' 
' 'GOTO 185 

- 170 IF (K - 3675) I75,175,l3O --------'--'---'---'----- --- - 
175 XLN = ALCG(x) 

-- Y = EXp< - °4326525EOl ~-"9Sl2685c-- 03 a xLN - "1820800E00 * XLN * ~ 
12 - "II32091E - 01 * XLN * * 3> --- -- L'ADCS = 2 --~~----'-------~--------- --'-----'------------------ ---- 

G0TO 185 -I80 xLm = AL8G(x) --'---'-------- - - --------------- 
Y = ExP( - °493595IEol °8a75b95EO~ * xLm - .l52Z4O0E0n * uLw * * -- - lZ ~-°9I38o94E - 02 ° xLN ~ *~9) 

- - '- -'~ -- 
lADCS = l  --'l85 GC = °417E09 
Y0NE = Y ' 

-- PS} = 62.4 / RHOL- ---'- 
---------- ---'--'----'-'— - '- 

NORDI = 5  
GOTO(1909195"2O0,2U5^2lO"2l592~3~)- ,A 

190 R[AD(II`N~~Dl ) ~ --'-~ -GOTO 225' --'----'---------'~-----------'--'---~----------~---~----- 
_ 295 READ (IZ^NORDl> B _________________~___________~_ 

GOTO 225 
~ 200 REAU<13^mORDI> a_  

GVTn 225 
205 R[A0(14"NoRDl) 8__ _____________  - GOTO 725  
210 REAL) (l5^N8RDl> .a_  

GOTO 225 . 
--'-- --'-' ----'--'----'---'-----'-'-- --- - - -' -- -- - ' - - 
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215 READ(16'NORDI) 
7---  GOTO 225 

 

220 READ(17'NORDI) B • 
- 225 F = B(IABCS) 

IF (F 150o), 230,230,235 
.230 UM = .1 

_ 

GOTO 240 
--235 UM =  

GOTO 240 
'240 G =-SORT( (PONE * RHOG-4 RHOL-4-GC)-T-(F* PSI * VISCL. * -*-UM)) 

IF (IR) 245,245,280 
' 245 DIAM = 1.13 * (WGR / G) *-41- 1,5 

250 IF (IPKTP - 2) 2550255,260 
— 255 PAKSZ = DIAM 7- 15. 

______________. 

GOTO 275 
—260 IF (IPKTP - 5) 265,265,270 

265 PAKSZ = DIAM / 30.  
GOTO 275. 

270 PAKSZ = DIAM / 12.  
--275- PAKSI = PAKSZ *-12.  

280 IF (PAKSI 3.) 290,285,285 
285 PAKSI = 3. 

NORDI = 8 
GOTO 340 • 

290 DO 295 I=1,8 
IF (PAKSI D(I)) 300,300,295 

295 CONTINUE 
300 IF (IR) 305,305,310 
305 IF (ID) 315,315,310 
310 D(I) = PAKSI 

NORDI = I 
--- • GOTO 340 
315 IF (I - 1) 320,320,325 
320 PAKSI = .25 

NORDI = 1 
GOTO 340 

325 CALL DATSW(4,IS4) 
IF (IS4 - 2) 330,335,335- 

330 PAKSI = D(I) 
NORDI = 
GOTO 340 

NORDI = (I - 1) 
340 G3TO(345,350,355.360,365,.370,375)1A- 
345 READ(11'NORDI) B 

GOTO 330 _ _ _________  

350 READ(12.'NORDI) B 
GOTO 330 _ • 

- 355 READ(131 NORDI) B 
GOTO 380 --------- 

360 READ(14'NORDI) B 
GOTO 380  

365 READ(15'NORDI) B 
GOTO 380 

370 READ(16'NORDI) B 
GOTO 380 

_ _ 

375 READ(17'NORDI) B 
- 380 F = B(IABCS) 

_ _ 

_ ... _ 



IF (F) 455,385,455 , 
-385-  IF (IR)- 390,390,395 
390 IF (ID) 400,400,395   . . . 
-395 WRITE(3150) 

CALL LINK(OPT) 
- 40o IF (A - 7) 405,435,405 
405 IF (A - 6) 410,435.410 

-410 IFF -(A- - 5) 415-1440.415 
415 IF (A - 4) 420,430,420 
420 IF (A - 3) 425,430,425 
425 IF (A - 2) 430,435,430 
"430 IF (PAKSI 3.) 445,450,450 
435# IF (PAKSI - 2.) 445,450,450 
40 - IF (PAKSI 1.) 

445 I = I 1 

450 I = I - 1 

455 IF ( F 150.) 460,460,465 
-46a - um . .1 

• GOTO 470 
465 UM = .2 
470 G = SORT( (Y * RHOG * RHOL * GC) / (F * PSI * VISCL * * UM)) 

IF (IR) 475,475,540 
475 IF (ID) 480,480,540 
- 480 CALL DATSW(1,IS1) 

IF (ISI - 2) 495,435,485 
485 CALL DATSW(4,IS4) 

IF (IS4 ~ 2) 495,490,490 
490 DIAM = 2.13  
495 ND = DIAM 

= ND 
• 

IN = (DIAM FD} * 12. 
- - IF (DIAM 3.) 500:5001515 - 
500 DO 505 J=1,6 

IF (IN - L(J)) 510,510,505 
505 CONTINUE 

=  
IF (IN - L(6)) 530,525,530 
' 515 IF (IN - 6) 520,520,525 
520 IN = 6 

GOTO 530 
525 IN = 0 

ND +-1---- 
530 DIAM = ND (IN / 12.) 

IF (IPKTP - 6) 535,540,540 
535 IF (IPKTP - 3) 543,540,51+5 
540 XLN = ALOG(X) 

YF = EXP( - .3927927E01 - .1080819E01 * XLN .1176425E00 * XLN 
4- - .2296566E -- 02 *- XLK-*-*-3) 

GOTO 550 
-545 XLN = ALOG(X) 

YF = EXP( - .3938496E01 - .9940904E00 * XLN - '1573365E00 * XLN * 
1* 2 - .7954698E - 02 * XLN * * 3) 

550 OF = SORT( (YF * RHOG * RHOL * GC) / (F PSI * VISCL * * UM)) 
- -- AREA = 3.1416 * (DIAM / * * 2 

VF = GF / (3600 * RHOG) 
- V = (WGR / 3600.) / (RHOG * AREA) 

_ _ . 
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PERFL = (V / VF),* IOO" 
K=O  -----IF- _lD) 555v555.645--' -- -- -------- -------'------' 

555 IF (lF04w) 565^ 5 b5,560  -560 C ALLw IK
E'- - ---- ---- 

GOTO 570 57D ' 
' 565 Ky = 0 --------------- ---------------------------------- ---- 

CALL JU--)l -57U IF (lP%TP~-_Z) 5-75-%_575,5-8 _0---- --'- -------- --'--------------' 
575 R E nH = 6° * D I A~1 

- - G0T0 595 - -- ------------- --------' -------'--'-----'---'- - 
580 IF (lPKTP - 5) 565"585,590 - 5n5_DEDu = 2.6 * ol~~ '---- --'-----'---------------------'--'- -' 

~GoT0 595 --~~~-D~~H'~ 7~'~ ~l~~------- -------- --- -~--- -----'------' 
GOTD 595 -595 CONTINUE -------'------------------_----------------- --- - - 

~OD I1--"EDH = BED.14 ' 
-805 FOKMAT(^ -LIQUID FLOw RATE - - `~/9F9.2,_2:,^ POUNDS PER HOUR'//' GAS 

1FL0H RATE =`9F9°292x^/ POUNDS - PER HOUR'//' GAS DEw S 1 T,^,9x. ----'l^=^,~ll°4,` POUNDS- PEP CUBIC- L IuulU DENSITY ~- -_=^,F9~Z" 
12Xi^ POUNDS pEx CU;-'-IC FOOT'//' LIOU{D VISCOSITY = 1 9 F9. 292X " -'-~l/ 

C ENTIP O lSE"//« C3Lu~x P R E SSURE ='.FIl.41* PSlA//// TEmpEKATu 
IRE ="9F94292x^' DEGREES K[LVL~"/) - 610 F~~~AT(" PACK I N6 ~lZ~ - -=',F9°2,2x.' lNCHES'//` COLUY~m L)IAHLr 
lER =""2x^ I3 .^ FEET*,Zx^l]./ INCHES'/) 

--~I5 F O Rm A T(~' " GAS DEmSlTY 1 9x0= 1 °-  F11'.4,5' POLuDS PER-{u8{{'Fo:T'/ 
l/" PRE3S3RIE DRCp FOR R[C{ONMENDE:D t3E,) HEIGHT'/) - 620 FCRMAT(" FEC~ HE  G*T BASED ON ',`=',F9~2,4x./  FELT '// HYDRAuLlC C01--.S 
llD-_ERATlCxS'/> -- 825 FCRIlAT(lHO,"TOTAL BED PRE5SURE-DROP THROUGH PACK lNG=',FT°31,2X. 
2 , I741 CwES oF waT ER, '>  -- 850FO2~AT(I,m,^~UPE~FI~~4L--~~~~~ -VEl]~~~~Y/,~~~~r~'.Zx,F5^Z°~~,`~~LT~~ 
lEC= , ) 

-6 35 F0 AT(7*0''PEKC. E N T 0 F FLU0D 1 N G 20x.^=',2 X~p5.Z,Z%,'PERcEmT'> 
64D FORwAT(IHO.l3, `FEET'^Zx,F8°3"2X,/lm[~E~ OF xAT~~'> 

n 
' --- T E~'PZ = T E pl 

' - - - ' 
645 WRITE( 3"6O5)xLrvxGn,P.1103,R*OL,vl5[L,PS14,T[~pZ --- -- ~~~ 

I T[( 3°6l0)pAKS I,% ~^ 1
a - -- --------- -------------'---- 

650 IF lF (JZ) 655,655"655 --655 1  (B[DH ^ 20^1 865,6h5 -9666-----------------------------'-'- ' 
660 BED* = 20° 

- ~665 VeJTE(5°52D`5EDFi '-'-- ---------'--------'-'-' ---- -- 
LL = 0 

616-- IF ILL)-6~~r~~~°~7~---- ------------''- ------'------------ 
675 xRlTE(3.605)~LFvxR ~ ~*~L, ~{ ,TEw 6"R~~,V{~,p6lAP2 - - 

WRITE( }"nl0 ]P4tS louJ°lm - -' -- - '---- '----------'----- --- 
V~~T~(~°a2~lBE~~1 
LL = o 

6OO G = ~x6~> y (DIAn / l"I~ ) * * 2 
~ '--- - ~mA ~ 3.1416 ° (DIA~i 1~l~~-~-~-'----------------- ------'------- 

~85 SU~ = O (rSlA / I~°~96) * ~07°l4 - 
Jo= - ' '- - '-- -----------'---------- 

' KL = 0 
=8 ' - - ' -- - -------------- -- -'- ' --'- -'- ---' - 

NL = U  ------~o'~ o -------'---------'--------'-------'----'---'----'---'---'- - 
IR = 0 

-----KH,OG A-=  KnDG ' -----'-- '---'---------'------'''--- - ' - 
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TOP = PSIA • 
• BOTBP = PSIA 

690 NL = NL + 1 
RHOGA = RHOGA * (BOTBP / CPSIA) * (TEMPI / TEMP2) _ 
IF (KL) 700.695.700 

695 WRITE(3,615)RHOGA 
KL = 1 

_700 X = (LF / WGR) * (RHOGA / RHOL) * * *5 -  
XLN = ALOG(X) 

705 Y e  (G * * 2 * F * PSI * VISCL * * UM) / (RHOGA * RHOL * GC) 
YX = EXP( - .6249128E01 - .6162116E00 * XLN .1397602E00 * XLN * 

1* 2 - .1208522E 01 * XLN * * 3) 
RIFF = Y •-• YX 

4 SDIFF = AOS(DIFF) 
710 M = M 4- 1 

IF (M - 11) 715.715.815 
715 GOTO(720,725030.735,740.745,750,755.760.765,770).M 
720 YX = EXP( .6249128E01 - .6162116E00 * XLN .1397602E00 * XLN * 

1* 2 - .1208522E ••• 01 * XLN * * 31 
GOTO 775 

725 YX = EXP( - .5872896E01 - *7226294E00 * XLN •••• .1429932E00 * XLry * 
1* 2 .1049331E - 01 * XLN * * 3) 

GOTO 775 
730 YX = EXP( - .5485292E01 .7693485E00 * XLN .1346535E00 * XLN * 

1* 2 - *7927142E - 02 * XLN * * 3) 
GOTO 775 

735 YX = EXP( 45265190801 .8076304E00 * XLN - *1366381E00 * XLN 
1* 2 - .75607428 02 * XLN * * 3) 

GOTO 775 
740 YX = EXP( .4935951E01 - .8675696E00 * XLN *1522480E00 * XLN 

1* 2 - .9138094E - 02 * XLN * * 3).  
GOTO 775 

745 YX -= EXP( - .4624282E01 .9174572E00 * XLN .1861755E00 * XLN 
1* 2 - .1339159E - 31 * XLN * * 3) 

GOTO 775 
750 YX = EXP( *4326525E01 - .9312685E00 * XLN .1820800E00 * XLN x 

1* 2 - 41132091E - 01 * XLN * • 3) 
GOTO 775 

755 YX = EXP( .4168572E01 - .10U7839--01_* XLN .2231154E00 * XLN 
1* 2 - *1858140E - 01 * XLN * * 3) 

GOTO 775 
760 YX = EXP( - *4024600E01 - * 9219091E00 * XLN *1583744E00 * XLN * 

1* 2 .9222639E - 02 * XLN * * 3) - -- 

GOTO 775 
765 YX = EXP( 9884-56Fn -.994'0904E00-V XLN-  - *1573365E00 4 XLN 

1* 2 - .79546988 •••• 02 * XLN  * * 3) 
GOTO 775 

770.  YX = EXP( ••• *3827927E01 - .1080819E01 * XLN .1176425E00 * XLN 
1* 2 + 822965668 02 * XLN * * 3) 

775 IF (JO) 31597E07810 
780 REM = Y YX 

SREM = ABS(EM) 
SDIFF = SREM 
IF (REP.) 790.790.785 • 

785 DELTP = DPRES('-1) 
GOTO 710 

790 IF - 1) 710.Y95.800 
795 DELTP = 0RRE5(M) 

GOTO 815 
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800 IP = M ••• 1 • _ _ — _ _ _ _ _ _ _ . _ _ . — _ _ _ _ _ _ _ . _ 
--- JD= 1 

PYX = YX 
--- 7-  IF (IP) 795;745.805 
805 GOT0(720,725,730$735$740045,750.755.760,765,770),IP  
810 ALPHA = (Y - YX) / (PYX YX) 

DELTP = DPRES(m 1) 4- ALPHA * ( DPRES(M) DPRES(M 1)) 
JD = 1 
GOTO 710 

815 IF (DELTP 2.0) 830.820,820 
820 WRITE(1$45) 

CALL LINK(OPT) 
825'WRITE(1,55)  

CALL LINK(OPT) 
830 IF (IPKTP - 5) 835,835,840 
835 YF = EXP( - .3827927E01 .1090819E01 * XLN Q1176425E00 * XLN * 

1* 2 + .2296566E - 02 * XLN * * 3) 
GOTO 845 

840 YF = EXP( .3989496E01 - .9940904E00 * XLN .01573365E00 * XLN * 
1* 2 - .7954698E 02 * XLN * * 3) 

845 OF = SORT( (YF * RHOGA * RHOL * GC) / (F * PSI * VISCL * * UM)) 
V = (WOR / 3600.) / (RHOGA * AREA) 
PERFL = (G / GF) * 100  

- • IF (PERFL IOC.) 850,825,825 
850 SUM = SU;v1 DELTP 

WRITE(31,640)NL,SUM 
BOTBP = (SU'1 / 407.14) * 14.696 _  
RHOGA = RHOG * BOTBP CPSIA 
JD . 0

IF 

 
M = 0 

IBEDH NL) 85508551.620 
855 BEDPD = BOTBP — PSIA 

_ _ _ _ 
 

DPH2O = BEDPD / 14.696 * 407.14 
WRITE(3.625)DPH20 
WRITE(3,630)V 
WRITE(3$635)PERFL • 

860 FORAT(1H1) 
WRITE(31360) 

865 CALL LINK(OPT) 
END 

*STORE 

DIMENSION9(3) ,D(8) ,L(6) ,DPRES(11) 
------COMONDIAmt3EDH,IPKTP,PAKSI,C,D$L,DPRES,RHORHOL,WCOW,V1SCL,PS 

lIA,IFOA!4$GC.PSIIX,YoGsPERFL,UM.F,XLN,NO,INIOPH20,V,A$B.NORDI,IAt3S. 
21BEDH$RHOGA,AREA,CPSIAIKIKI,Ci=$DF,TEMP1,TEMP2,BEDH1$YOE'LL,IL.10, 
3IR,IZ 
DEFINEFILE11(8$6,U,Ij) +12(8,61U,JI) $13(8,61U,IK) ,14(3.6,U,KI) 
115(8t605,J‹) 116(9,61U,KJ) 017(8,6,U0LM) $18(8,2,U,ML) 119(611,U,!-.  
2N) ,20(11,2,U,NI) 
5 FORMAT(' TORN SWITCH 1 ON IF YOU WISH TO CHANGE THE COLUMN DIAN',ETIL 
IR.',/,' TURN SWITCH 2 ON IF YOU TO CHANGE. IHE BED PLIGHT.',/, 
I' TURN .SITCH 3 ON IF YOU WISH TO CHANGE THE TYPE OF PACKING.') 

10 FOR','AT(' THE INTEGER CONSTANTS FOR THE NEW PACKING TYPE ARE AS FO(. 
1LOWS.t) 

15 FORMAT(' 1 CERAIC OR CARBON INTALOX SADDLES.',/,' 2 PLAS11C I'4TAL 
10X SADDLES.',/,' 3 CERAlIC OR CARBON RASCHIG RINGS.',/.' 4 1/16 IN 
le WALL METAL RASCHIG RINGS.',/,' 5 1/32 IN.. WALL METAL RASCHIG RI* 



1GS.'9/9 1  6 PLASTIC PALL RINGS.',/*' 7 METAL PALL RINGS.') 
20_ FORMAT(' TURN SWITCH 4 ON IF YOU WiSHTO CHANGE THE PACKING SIZE' 

.1) 

25 FORMAT(' TURN S.'ITCH 6 ON IF YOU WISH TO CHANGE THE LIQUID FLOW RA 
1TE.'s/. 1  TURN SWITCH 7 ON IF YOU WISH TO CHANGE THE GAS FLOW RATE. 
1',/,' TURN SWITCH 8 ON IF YOU WISH TO CHANGE THE COLUAN PRESSURE A 
1ND TEMPERATURE.',/,' TURN SWITCH 10 ON IF YOU WISH TO TERAINATL TH 

PROGRAA.') 
30 FORMAT(' TURN ON SWITCH 5 AND PUSH START.') 
35 FORMAT(' THE BED HEIGHT PROPOSED IS (3 --thATER THAN THE MAXIMUM ALLOW 

TABLE BED HEIGHT',/,' IF YOU ,!,ISH TO USE THIS BED HEIGHT FLMN ON Sw 
'ITCH 11',/,' IF YOU 'r:ISH TO USE THE MAXIMUM ALLCAABLE BE) HEIGHT T 

_____ 41URN ON SWITCH 12',/,' IF YOU WISH TO GO BELOW THE ALLOWABLE BED HE 
lIGHT TURN CN SWITCH 13') 

40 FORMAT(' PUSH START') 
45 WRITE(195) 

WRITE(1,20) 
WRITE(1,25) 
WRITE(1,30) 
PAUSE 
CALL DATSW(11IS1) 
IF (IS1 - 2) 100.50,50 

50 CALL DATS';:(21IS2) 
IF (I52 - 2) 115955:55 

55 CALL DATSW(3.IS3) • 
IF (153 — 2) 150.50.60 

60 CALL DATSW(4,I54) 
IF (ISA- — 2) 200.65.65 

.65 CALL DATSW(69IS5) 
IF (155 — 2) 220.70170 

70 CALL DATSW(7,IS7) 
IF (IS7 — 2) 235,75,75 

75 CALL DATSW(B,I58) 
IF (158 — 2) 260,80180 

80 CALL DATSW(101IS10) 
IF (1510 — 2) 265,45,45 

85 FORMAT(' TYPE THE NEW COLINN DIAAETER IN F4.1 FORMAT.') 
90 FORNAT(F4.1) 
95 FORMAT(' DIAM =',F4.9111' FEET'///) _ 

100 WRITE(1.85) 
READ(6190)DIA'1 
WRITE(3,95)DIAM 
ND = DIA'4 

-----FD = ND 
IN = (DIAM FD) * 12. • _ 
LL = 1 

• C = 1 
ID = 0 
IR = 0 

—CALL LINK(PKTW) 
105 FORMAT(' TYPE THE NEW BED HEIGHT IN F4.1 FORAAT 1 ) 
110 EORVAT(' BEDH =',F4.10 FEET'///) 
115 BEDH1 = BEDH 

WRITE(1,105) 
READ(6.90)BE3H 
IF (BEDH BEDH1) 160.160,120 

120 WRITE(1135) _ . 
WRITE( 1,40) 



PAUSE  -135- CALL bAT5w(11 1S11T
---  

~FL(~JSll~-
(
2)

°l
60 ^l~o'~13/0 __ __  _ _130_  

IF ( I SIZ - 2>~ 140 9- 135 v 13_5~__~_____________________________ -135 [ALL DATSI,~(13,15I3) 
IF (lS13 - 2)_1559I20_ 12 0  -3:4D-gEDx = BED*l  
GDT0 160  

145 - FDP%,AT(' TYPE~ THE uE1.4~ BEL)l  HEIGHT 
- li1'}°i FORMAT~) 

150 pOPnATtF4°I`  
155 XKlTE<l^l45> 

_ I -i RE4D(6,~150)"EDH  
~60 V1,HlTEC 3,110)bEQH 

LL~= O  
C=2 
%o = 0 --_-___'_-~_ --._-_ 
lR = D 

-----CALL -L~INK/PKTx7-_ 
165 FORMAT (` TYPE THE nE;I, j~  PACK .lN6_  TYPE ~.NUMBER [~mll  FUR#AT") 

- 170 FOi~xAT(Il) 
175 FCRMIATi' lPKTP =`,12v///)________  
100 wRlTE<l^lO> 

mRITE(l,I5) ~ 
--- WRITE( 1.lb5)------- 

— ----- —~---------' 

READ(6.l7C)IPKTP  -'—wuITEi39175>IPKTP -''---'---------~-~ --~----~-- ----'-- 
' LL = 0 ~ --- C s -------------------- ----~-_----~--------''------'- 

I D = O lR-1-------~~------ -- -- --~--- 
CALL LlnK(p<Tw> _ 

185 FOnwJkT<' TYPE THE NEW PACKINGSIZE INF6°5 FORMAT') 
190 Fo9*AT(F6"5) 

'195 FGRMAT(' PA<Sl ='9F6031'l~N[*ES,///)~ - - -- 
2V0 WRITE( 1.l85) ------READ (6°l9O)PxK3I-'' ---- --' -'------------------------- 

NRlTL(3ol95)P4~~I - --LL = 0 
- ------'' '---'—'~ --- — --- ~~ 

c=* -----In = l ------------------------'------ - '--'--- -'~'— — ' 
{o = O -----CxL[''L/N r,(p TxT~----------~---------~-----'------------- 

2o5 FORMAT(' TYPE THE NEW LIQUID FLOW RATE IN FlO°z FORMAT') 
2l0 pORmAT(rIO° 2 ) ' -- --- ' - 
215 FVRmAT(^ xLf-~/^FlD^2,' ~RS"yM R "«) ~
2 ZOxRlT[(l,Z05 ~ ' - -- - -- --'--~' - -----' 

READ(6"ZlO)",LF -----^ uRlT[c3.z1,  5`'.-.'LF-'-- ---------- ----~--------- 
LL = O -- —C = 5 '--'--- -----' - ----- --'------~'----' 

~ l0 = V 
l~ = ~ - '----~--------~ ' - ---- ------ -'-_-~ - 
(ALL LlNK<pKT:> 

225 FoP74Arc^ TYpE THE NEW GAS - FuJ.i -RAT [ 1aF 10~ 2~ rdRnAT'l- ' 
230 FOf-C\~ATt ,  wGK=''FlG"2,^ Ln6°~~R" ") ~
235 u~IT E < 1 9 3Z5) ' ' ~- - -'~'-- -'-- - 

--- 



. ........ /4•9 
READ(60210 )WGR • 

• WRITE( 3 $230 )WGR • 

• LL = 0 • • 

C = 6 • • • 

ID = 0 
IR = 0 • 
CALL L INK ( PK TW 

240 FORMAT ( ' TYPE THE NEW COLUMN PRESSURE AND TEMPERATURE IN F FORMAT 
/ se ( PRESSURE)( TEMPERATURE I • • 

245 FORMAT ( 1X 9 F8 .3 s 2 9 11 • 3 ) 

— 250 FORMAT ( ' T EV.P= ' Fll • 4, 4  'DEGREES.  T.ELV I NI / / / ) • • -•••• - -- 
255 FORMAT('PS I A= s F11 •4 • ' L BS • / SO • I N • / ) _ . . . ..----•---._ . . . 
260 WRITE(1s240) ITE ( lt 240 ) 

READ(6,245 )PSIAs TEMP2 . _ 
41RITE(3s255)PSI A  
WRITE( 3+250 )TEMP2 • 

. ____    
Li. = • 1 
C = 7  

IR = 0 
L INK ( PK ) 

265 CALL EXIT  
END 

• 
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// XEQ 
• SUBROUTINETRAN 

.-7-----COMY,ONICR,ICP,IPRtITW,ITillT2-i1P:ROLViV9i4FiCASESiNPAGE41MptIPREOtIS 
1TEPIACNST,IREAR,KX(1) ,MX(20) ,NCD(3) sISEUtNCASE,NX(10) ,Lt-'0UT,EF 
2IN,TOL,FLVO(2) $KNN 
COMMONTITLE(18) oVNAE(30) s5(.0.1Y(30) 95D(30) ,X(30) IR(30,30) 

7 COMMONHIGH(3a) sHLO.Y(30) sm.F(50,3) 
X(1) ALOG(X(1)) 
X(2) ALOG(X(2)) 

X(3) = X(1) * * 2 . _ 
X(4) = X(1) * * 3 
RE TUN, 
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DIMENSIO4x[OL(I3) .xLm<lJ> "YLNil3> ^YCoL (l]) ----'~
5 -FOHmaT<*p 4 .2 ,9F4 .1

/ -'---'----------~-------'--- ------------- 
~V pORxAT(ln .p7^5,lVx^F4"2) -----l5--  FORMAT (lyC^'CHART 8F vALuES-r-On --GRAPi~ING

-FLuoDIw6L~~~~\- '~--- 
30 FVn3AT l*O^lx*^YCOL',llx,'x[OL `) --- 

- F(E AD(2~~>xC ~ L 
- - -'------- -' ''-' ---' --- - -- ' 

0RlTE(],l5) -'---- -̀-WRITE( 3,z0/-----'-'-- -- ----'- ----------- '-------------- 
_DO 25 I=~ol9 ~_   xLN( l ) 

~ - ------ - = A L~ S (x CCL( I)i --~------- - --- -- 
YLN(l) = - 3.827",27  - 1.08C819 * XL*(/} - ^lI764Z5 * x~w(I> * * 2 — YCVL (l ) = ExD( yL l(I ) ) 

' ' ' ` ' ' 
25~ wRlTE<39l0/'ZoL(I),%CCL<1/ 

EXIT 
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// XEQ  
SUBROUTINE-JUDI • 

---- DIMENSIONB(3) ,D(8) ,L(6) .DPRES(11) 
COM‘IONDIAM.BEDH.IPKTP,PAKSI.C.D.LIDPRES.kH069RHULtwLF,WGR,VISCL.PS 
1IA.IFOAM,GC,P5I9X.Y.G.PERFL,U',1,F.XLN,NU,IN.OPH209 V.AlboNOROI.IAbCS 
2,IBEDIAIRHO6A.AREA,CPSIAI:.:1KI,GE.OF 
5 IF (PERFL - 20.) 10,70.70 

10 KI = KI + 1 
GOTO(15,20.25.30,35,40.45.50,55160).K1 

15 Y = EXP( .6249128E01 .6162116L00 * XLN .1397602E00 * XLN * * 
- 12 - .1208522E 01 * XL% * * 3) 

GOTO 65 
20 Y = EXP( *5872896E01 - .7226284E00 * XLN .1429932E00 * XLN ** 
42 - .1049331E - 01 * XLN * * 3) 
GOTO 65 

25 Y = EXP( .5435292E01 - .7693485E00 * XLN - .1346535E00 * XLN * * 
12 .7927142E - 02 * XLN * * 3) 
GOTO 65 • 

30 Y = EXP( - .5265190E01 - .8076304E00 * XLN .1366381E00 * XLN * * 
12 - .7560742E - 02 * XLN * * 3) 

----GOTO 65 
35 Y = EXP( .4935951E01 -• .8675696E00 * XLN - .1522460E00 * XLN * * 

12 .9138094E - 02 * XL% * * 3) 
GOTO 65 

40 Y = EXP( - .4624282E01 --•9174872E00-  * XLN - .1861755E00 * XLN * * 
12 - .1339159: 01 * XLN * * 3) 
GOTO 65 

45 Y = EXP( .4326525E01 ••• .9312685E00 * XLN - .1820800E00 * XLN * * 
12 ••• o1132091E - 01 * XLN * * 3) 
GOTO 65 

50 Y = EXP( .418.572E01 - .1007839E01 * XLN-.2231154E00 * XLN * 
12 .1858140E 01 * XLN * * 3) 
GOTO 65 

55 Y = EXP( - .4024600E01 -  .9219031E00 * XLN -..1583744E00 * XLN * * 
12 .9222639E •-• 02 * XLN * * 3) • 
GOTO 65 

60 Y = EXP( - .3988496E01 - .9940904E00 * XLN .1573355E00 * XLN * * 
12 - .795469SE - 02 * XLN * * 3) 

65 G = SORT( (Y * RHOG * RHOL * GC) / (F * PSI * VISCL * *UM)) 
PERFL = (6 / GF) * 100e 
GOTO 5 

70 RETURN 
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XEQ 

5V8R0UT}NEMIKE 
o~~~~s/uxn~~) ^u(u/ ^L(u) °opxES(il) 
COMMIC)"*.'0l4x.BED*.lPKTP,pxKSI,C^Q,L,U'PwES.kHOG°RHDL,wLF.~GK°vlS[L,p5 - \lA"{F04M,G{.PSI,x^Y^G^pEfZ~_L,un~F INvUpxZu,v,4,8"woRu1,lA t3CS 

29l8EDH,R*OGA"AKE4,[P5l4,.<,,<I°~r,DF 
5 IF (pEEnFL - 50") 70,lO°lO 

----- - ----- ---'-- - 

10 XLN = ALOG<x> --' --n~= K A~ l '--'---- ---- ----- ----------''--'----_--'---- - 

G0TO(1592V,25,3O,35^4V.45.50.55^60)*' 
--%~ Y = ExP( - .-39834e6EDI  - .994O90*E00 * XLN - "1573365EOO * XLN * * 

l2 - "7e*4698E  - 02 * X~~ ~ * 3) -' ~
GDTO 65 

---- - ' ------ - -' -' -- - - - 

20,Y = ExP( - °4024b30[01  - ,9Zl9OgIEJO * XLN ~ ^l583744E0O * X L N » * ----
l~

-- °9ZZZ6]9E  - 02
-
~ xLm 

--------- -_ -- -----~--- ' 

GOT0 65 
'25

-Y = Ex~)( - °4I6S572E01  - ^10078379~01 ° XLN - °2231154E0O XL'~ * * 
l2 - °l858l~~E  - ~l * XLN * * 3) -- 

GOT O as ' - ----------- '-- ` -'-- --'-' 
30 Y = Ex9( - ^4]2b525EOl  - °93126G5E"J * xL4 - °lDZ0800E00 * XLN ~ * -----1

2- - "l13~09lE- 01 *_XLN *
- u~~r)--'-----------'-- '------ 

GOTO 65 - 35 Y = Ex~( - ~4624282E01  - "91~4 872 E 00 « XLN - .1861755[0u * XLN » * 
12 - "1339159E  - 01 * ~~H * * ]/ 

GOT0 65 ---'------'- - -- - - - ' 

40 Y = Ex~< - °49551,51E0I  - .86756vbE:~ * xL~ - "l53~~8OEOO * XL a 
12 °913909* 

* * --- ~ - CZ » x~n~~ *~-
~T

--- 
~- 

- - ----' 

BOTO 65 
45 Y = EX','( - "5265I92EOl  - "so76-3b4Eoo * xLm - "13663VlE03 xLm * ~ 

12 - "75607*2E  - pZ * XLN * * ~> -'--~
GOTD 65 

''-------- --- --'-- ----------- ----- - '- 

.5O Y = EXP< - °545529Z~Ol  - °76934B5EOJ * x~~ - °l"46535E3~ * ~~m * * --- 1
2 - ^7e~7I42~  - o2*' XLN ~'~ 3`---- 

------ --- -' - - 

GOTU 05   -
55Y = Exp( -~ "5872696Eol-~77226 2 B -4 E 6 C*xLN - - f- 1429932t:00 XLN * * 

12 _ .I049381E - Ol * xL*_ _3_) __  
GJTO 65  

60 Y ~ ExP( - °6249loecnz  - °alaZ1lucoc *'X~* - "zs97aoZ[oo * x~m * * ----j
2 -- 41208 5 22 E 01 * XLN 3) 

- '--- - -- --- - 

65 G (T ^ R*0G * nxOL * GC) (F * PSI * vIS{L * * Un>> 
PERFL = <G / 6F> * 100 ° 

--------- - -' - ' ' - - -' 

GoT0 5 
70 RETURN 



XECO 
DIMENSION DATA1(3) 

---- DEFINE FILE 11 (StboUtIJ) 
DO 5 .1=1,8 
READ(2,100)DATAI 

100 FORYAT(3F5.0), 
WRITE(11'I)DATA1 

5 CONTINUE 
—7—  CALL EXIT 

END 
—i/ XEO 1 
*FILES(IloSINTC)  

Do 0. O. 
330. 330. 330. 

- 200i 200, 203. s 
_ 

130. 135. 145. 
---84. 91. 98. 

390 49. 52. 
31. 34. 40* 
200 20. 22. 

// JOB 
// DUP 
*STOREDATA WS UA SINTP 1 
// JOB 
// FOR 
*IOCS(CARD.TYPEWRITER.1132PRINTER,DISK) 
*ONE WORD INTEGERS 

DIMENSION DATA2(3) 
-DEFINE FILE 12 (8.6,UoJI) 
DO 5 I=1.8 
READ(2,130)DATA2 

100 FORvIAT(3F5s0) 
WRITE(12MDATA2 

5 CONTINUE 
CALL EXIT 
END 

// XEO 1 
*FILES(12,SINTP) 

Os Oo Os 
Os Os 0, 

Os 0. Os 
32. 32. 32. 
0. 0. 0. 
21. 21. 21. 
14. 14. 14s 

// JOB 
// DUP 
*STOF,:EDATA WS WA -2SRC 1 
// JOF 

* // FOR 
*IOCS(CARD,TYPEWRITER,1132PRINTERoDISK) 
*ONE WORD INTEGERS 

54 



~ 
DIMENSION D4TA3(3> 

'-------'DUlNE FILE 19 ( 896't~~~~~~----' 
 

5 J=I°O  
REAn(2,IO0)DATA3 ~ 

l0O FVRYAT( 3F5~ 0)' - wKITE( I3/ 1 ) DAT49' --------------- --- 
5 CONTINUE ---'-----tALL EXIT -------- 

--------

x
EmD EO' _ --_---'--_-----'----_-'---'- 

*FILES(I3.RSR[) 
1600.1600#1600- 

1000, ---'580" 590^ 580. -- -'------------~ 
210^ 255° 255" 

- 120° 155" Iao^ 
------------'--' ----- 

65^ 95^ 95. -'-50" 65^ 6 5~ 
---------------------- 

37" 97" 3 7^ 

// - JOB 
-'------'-'- ---'-------- 

QuP ' 
- *STOREDATA WS UA~ R3RM8- - l- ------'-' 
_ //-JOB  

FOR 
*l0CS<CARD*T'pEwR[TEg,ll32PRINT~R^D16~> 

- *ONE w D 0~ I aT EGER 5 
- ' - --- - 

DIMENSION DATA4(3) 
--~'-- nErlx'-~' FILE7  14 ( S . ,69 9~~l) ' 

'---'- 

bO 5 1=1,8  
-------- RE~AD( 2 , lVO jDAT44 

100 FOvxAT(9F5"0) 
WRITE ( 141 1 DATA4 -- -- '-----------

~5 CONTINUE  
CALL EXIT 
EwO__~___-1----- -- 

*FlLES{ I4 °R3R"'6 >  
V^ 0. 0^ 
0" 0° 0^ --- O^ 

6^ - o° ---'---'--- -------' 
220" 220. 220" ~ ---- 77° 132" 144° - -------- 
43# 65a d5^ eo" 

—~ 38° 54" 71^ ---'-----------' - 
3Z° ~~" 32^ _ _  ' 

- 

JOB-'-------' ----------------' 
0uP  

*STORE- DATA WS uA RSRx3--1 
J09 .--------'--- 
pOR 

*lOC3({ARD,TYpEwRITER"ll32PRlnT~~^0l3K 
* 

> 
*o~[ ~~~ lz7~GE~S - ' 
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CALL EXIT , 
END 

X E Q 1 
*FILES( 1961.- ) 

2 
• 

6 
• 8 

10 • 

12 . . 

/1 DUP 
*STOREDATA WS - IJA DPRES 1 
// JOB 
/1 FOR 
*IOCS( CARD, TYPEWRITER/1132PRINTER,DISK ) 
*ONE WORD INTEGERS 

DEFINE FILE 20 (1192rUsNI) 
DO 5 1=1,11 
READ 21100) 100)DATAO 

100 FOR`4AT ( F5.2 ) 
• WRITE( 20 1 1 )DATA0 . 

5 CONT INUE 
CALL EXIT 
END 

/1 XEO 1 

- —*FILES( 20/DPRES) 
• 

605 
* 07 
61 
615 

 

625 
035 
.50 
*75 

1.00 
1650 
2.00 
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D~~Ea3l0w D4T45(3) 
~ 

''------- DEFlNE FILE 15 (8 -96.Ut3K)— -- 
DO 5 l=l,o ---- - R[xD(2°lOO)DxTA5 

 - ------- ------ 
100 FORnAT(3F5.0)' - VnITs(1511)DATA5 

5 CONT CONTl~~~ 
L

~ 
~ 

------~~~LExIT -'--- -_- --- -~--- 
EmD ' 

- il XEo 
l- - '---' ~----- 

_*FIL[S<I5"gSn`-13>  
o° o° o. 

390^' 330° 39o° --~3no" 30o. 300~ --'^-~-------- ----- 
%70^ I70. 1 70 ^ 

-- 115s I15. Ils. 
- - ---'-------'----- 

` 0. 00 00  - ` V° 00 0^' - 
0.1 00 0° O° 

-J05 '------ ' ---- 
DUP ' -*STOREDATA .-.IS V4 PALRP --l~----- -- -' 
JOEI ' 

--~~ FOR. - --'-------- --- 
°lo[3<[AnD^TYPEwnITsn.Il3zPRlwTEmvD!~~/ - *8m~ WORD I mT EuEe~ '-~ -'' 

Dl.V. EnSlON,  D ATAa<3) 
-----DEFINE FILE_ 16 (8.6.u*K]) 

` DO 5 l=l*a -- '-- REAo(2.130)oxrA6- ------~--'----------- 
l0~ FO~xxT( 3~5.0 ) ~ 

-WRlTE(I6'I)D^TA6 -------------' -~- 
5 C0mTJNo;E_  ' CALL EXIT 

--'-.XEo~Emo-_-__~~_--  
*FlL E6[l6.PALnp) -- 

0^ o° 0" 
'~ ----- ---------~~~ 

_--_y0°1 so^ «^ 9 7. 
0° o" Of ----'5
2 - 52° 52. --------- -- -----~ 

32° 32. ]z^  
25^ 25. 25. 

O" o" - u. - --- ---- 

JoB —'---------- ----_-- -_ ___ 
DUp ~

T  ~DATA w5 iUA P4LpiNi---'I----------- 
JOB  
FOR 

*IocS([4no,TYp:-:'wolTER°ll3ZPRlmTEn.D~SK) - *O~[ W 0~~ INTEGERS 
- ----- ---- ----' 

DIMENSION DA7A7(3) -- - DEFINE FILE 17 (a.a^u.Lw)'------- 



. • DO 5 1=118 
READ(2,100)DATA7 

--100 FORMAT(3F5*0) 
WRITE(17'I)DATA7 

5 CONTINUE 0 
CALL EXIT 
END 

// XEO 1 
*FILES(17,PALRM) 

0. 0. 0. 
O. 0. 0. 
0. 00 Oa 
70. 70. 70o 
42.' 52* 52. 
31. 36. 28* 
20* 25* 25* 
0. 00 0. 

// JOB 
// DUP 
*STOREDATA WS UA D 1 

- // JOB 
// FOR 
*IOCS(CARD,TYPEWRITER,1132PRINTERoDISKI 
*ONE WORD INTEGERS 

DEFINE FILE 18 (812,U4ML) 
DO 5 1=148 
READ(2,100)DATA8 • 

100 FORMAT(F6.8) 
WRITE(18II)DATA8 

5 CONTINUE 
CALL EXIT 
END 

- // XEO -1 
*FILES(18,D) 

625' 
.375 
05 
475 . . 

10 
. 145 

20 
34 

- _ 
1/ JOB 
1/ DUG 
*STOREDATA WS UA L 1 
// JOB 

- // FOR  
*IOCSICARD;TYPEWRITER41132PRINTER,DISK: 

- *ONE I.JORD INTEGERS 
DEFINE FILE 19 (6,10U0MN) _ . 
DO 5 1=1,6 
READ(27100)NDAT9 

100 FORN1AT(13) 
WRITE(19'I)Nr7AT9 , 

5 CONTINUE 
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Sample Problem 

Given: Liquid Flow Rate = 20,000 I//hr. 

Gas Flow Rate = 10,000 #/hr. 

Gas Density = 0.01 #/ft3. 

Liquid Density = 62.4 #/ft3 

Liquid Viscosity = 1.0 Cp 

Column Pressure = 14.7 psia 

Temperature = 300
o
K  

For this case the optimum design was calculated. For 

each of the following changes in design criteria the 

column characteristics were simulated. 

1. Change in diameter 

2. Change in bed height 

3. Change in packing type 

4. Change in packing size 

5. Change in liquid flow rate 

6. Change in gas flow rate 

7. Change in column temperature and pressure 
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.... 6o 

DESIGN INFORMATIUN FOrt PACr,:z 

--LIQUID FLOW RATE --=20000.06--  POUNDS PER HOUR 

-- GAS FLOW RATE = 10000.00.  - POUNDS PER HOUR ----- 

GAS-DENSITY-  --- = -150100 POuNDS RER CUBFC-FOOT-- 

--tIQUID DENSITY 62.40-ROuNDS- PER . CuBIC FOOT 

-LIQUID VISCOSITY* • -=-----1:00---CENTIPOISE 

COLUMN- PRESSURE -  - -147000 PSIA 

--1E1PERATURE = 300.00 -DEGREES KELVIN 

NON-FOAMING SYSTEM 
_ _ 

_ . 

TYPE OF PACKING METAL PALL RINGS 

LIQUID FLOW RATE = 20000.00 POUNDS PER HOUR 

GAS FLOW RATE = 10000.00 • POUNDS PER HOUR 

GAS DENSITY = 0.0100 POUNDS PER CUBIC FOOT 

LIQUID DENSITY = 62.40 POUNDS PER CUBIC FOOT 

- LIQUID VISCOSITY = 1.00 CENTIPOISE 

COLUMN PRESSURE 14.7000 PSIA 

TEMPERATURE = 300.00 DEGREES KELVIN 

PACKING SIZE = 2000 INCHES 

COLUMN DIAMETER 4 FEET 0 INCHES  

tED HEIGHT BASED ON = 20.00 FEET  
-HYDRAULIC CONSIDERATIONS 

GAS DENSITY - 0.0100- ROUNDS PER CUBIC FOOT 

_ 
-PRESSURE DROP FOR"RECCOMMENDED BED HEIGHT 

1FEET 407.757 INCHES OF WATER 

?FEET 4,18.262 INCHES OF WATER 

3FEET 4080764 INCHES OF WATER  
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4FEET 409.264 INCHES OF•WATER 

--5FEET -409.463 INCHES-OF - WATER- 

--6FEET - 410.260 - INCHES - OF WATER 

- MEET" 410.756 INCHES OF WATER 

---SFEET: 411.251 INCHES-OF WATER- 

-T-9FEET -411.744 -INCHES.  OF WATER 

-10FEET 412.237 INCHES - OF WATER 

-11FEET---412.727--INCHES-0E- WATER" 

-12FEET - 413,217 INCHES OF WATER 

-13FEET-  413.705 INCHES-  OF WATER 

-14FEET -  414.192 INCHES-OF-  WATER- 

-15FEET - 414.677 -  INCHES OF WATER 

16FEET : 415,161 - INCHES OF WATER 

-17FEET -415.644 -INCHES-OF-WATER- 

18FEET 416,126 - INCHES OF WATER" 

-19FEET --- 416.606 "INCHES OF WATER 

-20FEET.  417.056 -INCES-0E-WATER- 

TOTAL BED PRESSURE-DROP - THROUGH- PACKING= -- 44835".  INCHES OF WATER 

SUPERFICIAL VAPOR VELOCITY-_._._.__._ .__.- 21.12   FEET/SEC. 

PERCENT-OF-FLOODING -  = 68.03 PERCENT 



DIAM = 4.5 FEET 

LIQUID FLOw ,RATE = 20000.00 POUNDS PER HOUR 

GAS FLO,: RATE = 10000.00 POUNDS PER HOUR 

'GAS DENSITY = 0.0100 POUNDS PER CUBIC FOOT 

LIQUID DENSITY = 62.40 POUNDS PER CUBIC FOOT 

LIQUID VISCOSITY = 1.00 CENTIPOISE 

COLUMN PRESSURE = 14.7000 PSIA 

TEMPERATURE = 300.00 DEGREES KELVIN 

PACKING SIZE = 2,00 INCHES 

COLUMN DIAMETER = 4 FEET 6 INCHES 

BED HEIGHT BASED. ON = 20.00 FEET 
-HYDRAULIC CONSIDERATIONS • 

--GAS - DENSITY O".-01-00-- POUNDS. RER-CUE3IC- FOOT 

-PRESSURE DROP FOR RECCO',IMENDED.  BED HEIGHT 

- 1FEET 407.532 INCHES OF WATER 

2FEET 407.813 INCHES OF WATER 

3FEET 408.394 INCHES OF WATER 

4FEET 408.374 INCHES OF WATER 

SFEET 408.653 INCHES OF WATER 

-6FEET 408.932 INCHES OF WATER 

7FEET 409.211 INCHES OF WATER 

BFEET 409.489 INCHES OF WATER 

9FEET 409.767 INCHES OF WATER 

IOFEET 410.644 INCHES OF WATER 

11FEET 410.320 INCHES OF WATER 

12FEET 410.596 INCHES OF WATER 

13FEET 410.572 INCHES OF WATER 

14FEET 411.147 INCHES OF WATER 

. 15FEET 411.422 INCHES OF WATER 
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16FEET '411.6,96 INCHES OFWAFER--- 

-----17FEET 411497(1 INCHES of WATER 

-7---18FEET 412.243"-INCHES-OF 

19FEET 412.516. -  INCHES OF-WATER 

20FEET --412.788--INC9ES-0E-wATER--- . 

7-_---TOTAL BED PRESSURE DROP THROUGH PACKING= -  54537 -- INCHES OF wATER 

"-"----SUPERFICIAL VAPOR VELOCITY I7.02 FEET/SEC. 

-'11-7-PERCENT- OF-FLOODING = PERCENT-------- 
. 



• 
BEDH =30.0 FEET 

LIQUID FLOW .RATE = 20000.00 POUNDS PER HOUR 

GAS FLOW RATE = 10000.00 POUNDS PER HOUR 

GAS DENSITY = 0.0100 POUNDS PER CUBIC FOOT 

LIQUID DENSITY =62.40 POUNDS PER CUBIC FOOT 

LIQUID VISCOSITY 1.00 CENTIPOISE 

COLUMN PRESSURE 14.7000 PSIA 

TEMPERATURE = 300.00 DEGREES KELVIN 

PACKING SIZE = 2.00 INCHES 

COLUMN DIAMETER = 4 FEET • 6 INCHES . _ 

BED HEIGHT BASED 01 = 30.00 FEET 
HYDRAULIC Co%sIDERAT13%;5 

--GAS DENSITY = 0.0100 PouNDs-PER-CUBIC-FOoT 

PRESSURE DROP FOR RECCO--imENDED BED HEIGHT 

1FEET 407.532 INCHES OF WATER 

2FEET 407.813 INCHES OF WATER 

3FEET 408.094 INCHES OF WATER • 

4FEET 408.374 INCHES OF WATER 

SFEET 408.553 INCHES OF WATER 

6FEET 408.932 INCHES OF WATER 
. • _ _ 

7FEET 409.211 INCHES OF WATER 

8FEET 409.489 INCHES OF WATER 

9FEET 409.767 INCHES OF WATER 

10FEET 410.044 INCHES OF WATER 

11FEET 410.320 INCHES OF WATER 
. .. • _ _ 

12FEFT 410.596 INCHES OF WATER 
. _ 

13FEET 410.872 INCHES OF WATER 

14FEET 411.147 INCHES OF WATER 

15FEET 411.422 INCHES OF WATER 

64 



65.  

16FEET 411.696 INCHES OF WATER 

---17FEET- ----4-11.970-  INCHES OF -WATER 

----18FEET 412.243-- INCHES OF WATER -- 

---19FEET 412.516 INCHES OF 'WATER 

412.788 --INCHES'OF-WATER--- 

----21FEET - 413.060 INCHES OF:WATER -- 

---22FEET 413.331 INCHES OF WATER 

--- 24FEET 413.873 INCHES.  OF WATER - 

-25FEET' 414.143 -  INCHES OF WATER 

----26FEET---414.412 --INCHES - OF . WATER--- 

--- 27FEET 414.682 INCHES OF WATER -  

- - 28FEET 414.95.0 INCHES OF WATER -  

29FEET . 415.213 INCHES OF WATER 

30FEET 415.486 INCHES OF WATER -- 

--TOTAL BED PRESSURE DROP THROUGH PACKING= . 8235 --INCHES OF WATER 

SUPERFICIAL-VAPOR -VELOCITY - FEET /SEC. --- 

-- PERCENT - OF FLOODING =-53..91 PERCENT 



IPKTP = 4 

TYPE OF PACKING 1/16 IN. WALL METAL RASCHIG RINGS 

LIQUID FLOW RATE = 20000.00 POUNDS PER HOUR 

GAS FLOW RATE = 10D00.00 POUNDS PER HOUR 

GAS DENSITY = 0.0100 POUNDS PER CUBIC FOOT 

LIQUID DENSITY = 62.40 POUNDS PER CUBIC FOOT 
. _ 

LIQUID VISCOSITY = 1.00 CENTIPOISE 

COLUMN PRESSURE = 14.7000 PSIA . 

•TEMPERATURE = 300.00 DEGREES KELVIN 

PACKING SIZE = 2.00 INCHES 

COLUMN DIAMETER 4 FEET 6 INCHES' 

BED HEIGHT BASED ON = 11.70 FEET 
HYDRAULIC Ce%SIDERATIONS 

--GAS DENSITY -0.-0100-POuNDS.  PER CUBIC FOOT - 

-PRESSURE DROP FOT-RECC0.4MENDED - BED -HEIGHT 

1FEET 408.427 INCHES OF WATER 

2FEET 409,593 INCHES OF WATER 

3FEET 410,749 INCHES OF WATER 

4FEET 411.895 INCHES OF WATER 

5FEET 413.032 INCHES OF WATER 

6FEET 414.153 INCHES OF WATER 

7FEET 415.276 INCHES OF WATER 

8FEET 416.384 INCHES OF WATER 

9FEET 417.483 INCHES OF WATER 

10FEET 413.573 INCHES OF WATER 
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-11FEET 449.654'.  INCHES cW.iiAYEk--  

---22FEET-420.725' —INCHES- OF— wATER--  

--TOTAL BED PRESSURE ORO? THROuGH•PACKING= -13.475 - INCHES OF WATER 

—*SUPERFICIAL VAPOR VELOCITY • •."' FEET/SEC. "- 

--PERCENT•OF FLOODING' ----=-69.81--PERCENT 
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PAKSI = 2.500INCHES 
• 

LIQUID FLOW RATE = 20000.00 POUNDS PER HOUR 

GAS FLOW RATE = 10000.00 POUNDS PER HOUR 

• GAS DENSITY = 0.0100 POUNDS PER CUBIC FOOT 
• 

LIQUID DENSITY = 62.40 POUNDS PER CUBIC FOOT 

LIQUID VISCOSITY = 1.00 CENTIPOISE 

COLUMN PRESSURE = 14.7000 PSIA 

TEMPERATURE = 300.00 DEGREES KELVIN 

PACKING SIZE 2.50 INCHES 

COLUMN DIAMETER = 4 FEET 6 INCHES 

BED HEIGHT BASED ON = 11.70 FEET 
-HYDRAULIC CONSIDERATION S 

GAS 'DENSITY -0.0100-POUNDSPER-CUBIC FOOT 

--PRESSURE DROP FOR RECCOENDED-  BED HEIGHT 

1FEET 407.638 INCHES OF WATER 

2FEET 408.024 INCHES OF WATER 

3FEET 408.410 INCHES OF WATER 

4FEET 408.795 INCHES OF WATER - 

5FEET 409.179 INCHES OF WATER 

6FEET 409.563 INCHES OF WATER 

7FEET 409,945 INCHES OF WATER 

8FEET 410.327 INCHES OF WATER 

9FEET 410.707 INCHES OF WATER 
____• _ ..__• 

10FEET 411.0E7 INCHES OF WATER 

11FEET 411.467 INCHES OF WATER 

12FEET 411,845 INCHES OF WATER 

TOTAL BED PRESSURE DROP THROUGH PACKING= 4.594 INCHES OF WATER 

SUPERFICIAL VAPOR VELOCITY = 17.10 FEET/SEC. 
_ . 

PERCENT OF FLOODING = 47.74 PERCENT • 
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WLF= 22000.00 LBS./HR. 
--LIQUID FLOW RATE -= 22000.00 -POUNDS PER - HOUR 

- GAS FLOW RATE - POUNDS PER - HOUR 

--GAS-DENSITY 0.010-0-POUNDS- PER-CUBIC-FOOT-

--LIQUID DENSITY.-  - - 7=-----6- 2i40 --POUNDS PER - CUBIC -FOOT -

7-LIOUID VISCOSITY - 

7-COLUMA PRESSURE- -----=----I47000-PSIA 

TEMPERATURE - = -300.'00-DEGREES KELVIN --- 

- PACKING SIZE 2.00 -INCHES 

- COLUMN DIAETER = 5 FEET -0 INCHES 

-BED HEIGHT BASED ON = -13.00 FEET - --- 
HYDRAULIC CONSIDERATIONS 

GAS DENSITY = 0.0100 POUNDS PER CUBIC FOOT 

PRESSURE DROP FOR RECCOMMENDED BED HEIGHT 

- 1FEET 407.915 .-  INCHES -OF-WATER 

-2FEET - 408.-577 INCHES-OF-WATER---- 

3rEET 409.235 INCHES OF WATER 

- 4FEET 409.890 INCHES OF WATER-- 

- 410.542--1ACHES-OF- WATER--- 

6FEET - 411,190 /ACHES-  OF"WATER-- 

411.835 INCHES -0E - WATER-T- 

----8FEET - 412.477 INCHES-OF- WATER- 

- 9FEET 413.116 INCHES 0F WATER.- 

-10FEET 413.752 INCHES OF WATER 

i1 FEET 414.385 CE-WATER--- 

- 12FEET 415.014 INCHES OF WATER 

---13FEET 415.641 INCHES OF WATER 

-TOTAL BED PRESSURE DROP THROUGH PACKING= 8.390 --INCHES OF ATER 

SUPERFICIAL VAPOR VELOCITY = -13.62 FEET/SEC. 



PERCENT OF FLOODING  = 5  7  52 PERCENT 

70 



71 

VJGRz-- 12000,00 LBS • /HR• 
—LIQUID - FLO''; RATE- = 22000•00'--  POUNDS PER HOUR- 

-GAS FLOW RATE -=--- 12000400 -- POUNDS PER HOUR 

GAS DENSITY = O.01OOPOUN3S PER CUBIC FOOT 

D - DENSITY 40 POUND'S -PER -CUB I C-FOOT 

LIQUID VISCOSITY - = 1,00'CENT IPOISE.  

COLU"N PRE- suRE - 14.7000 P514 

TEMPERATURE' = 30060a DEGREES 'KELVIN 

,PACK ING SIZE = -2,50- - INCHES 

COLL-P.1N D IA.`-lET ER INCHES 

—BED HEIGHT BASED -ON' = -FEET 
HYDRAUL I C CONSIDERATIONS 

GAS DENSITY . = 0 • 0100 POUNDS PER CUBIC FOOT 

PRESSURE DROP FOR RECCO\IMENDEO BED HEIGHT 

1FEET 407.885 INCHES OF '.-1A TER 

---2FEET 403,517 -r•ICHES-OF WA TER - 

--3FEET - 409,146 ------ INO-iES-OF-WATER----- 

4FEET 409,772 -INCHES OF WATER --- - 

5FEET 410.395 - -INCHES OF WATER -- 

----6FEE --- -411016- —I NCHES---OF WA TER 

---,FEET -4110633 -- INCHES - OF ATER 

- 8FEET 412.247 - - INCHES OF WATER' 

----9FEET— -4120P59 .......INCHES - OF WATER-- 

- 10FEET 413,468 INCHES OF - WATER-- 

- 11F EE T 414.074 INCHES OF WATER 

--12FEET 414• 677--  I NCH:TS-OF-WATER 

TOTAL BED PRESSURE DROP THROUGH PACK ING= 7,426 INCHES OF WATER 

SUPERF I C 'AL VAPOR VELOCITY - = 20,- 27 FEET /SEC • -- 

PERCENT OF FLOODING -56,66 PERCENT 
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PSIA= 20.0000 LBSe/SQ.IN• 

NEW TEMP= 350.0000 DEGREES KELVIN 

LIQUID FLOW RATE = 22000.00 POUNDS PER HOUR 

GAS FLOW RATE = 12000,00 POUNDS PER HOUR 

GAS DENSITY 0.0100 POUNDS PER CUBIC FOOT 

LIQUID DENSITY = 62.40 POUNDS PER CUBIC FOOT 
. _ 

LIQUID VISCOSITY = 1.00 CENTIPOISE 

COLUMN PRESSURE = 20.0000 PSIA 

TEMPERATURE = 350.00 DEGREES KELVIN 

PACKING SIZE 2.50 INCHES 

COLUMN DIAMETER = 4 FEET 6 INCHES 

BED HEIGHT BASED ON = 11.70 FEET 
...HYDRAULIC IONS  

- GAS DENSITY - - 0.0116.POUNDS PER CUBIC FOOT 

--PRESSURE.  DROP FOR RECCOMMENDE..D - BED - HEIGHT 

1FEET 554.578 INCHES OF WATER 

2FEET 554.925 INCHES OF WATER 

3FEET 555.277 INCHES OF WATER 

4FEET 555.626 INCHES OF WATER 
. . _ . 

5EEET 555.974 INCHES OF WATER 

6FEET 556.322 INCHES OF WATER 

7FEET 556.669 INCHES OF WATER . _ 

8FEET 557.015 INCHES OF WATER 

9FEET 557.361 INCHES OF WATER _ 

10FEET 557.707 INCHES OF WATER 

].1FEET 558.052 INCHES OF WATER 

12FEET 558,396 INCHES OF WATER 

TOTAL BED PRESSURE DROP THROUGH PACKING= 4.313 INCHES CF 4ATEk 



SUPERFICIAL VAPOR VELOCITY FEET/SEC.  

-PERCEXT OF FLOODING • _ '46-09 --PERCENT 
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Program Language 

The language used for the programs on the 1130, 

360, and timeshare is Fortran IV. The only difference 

in programming technique is the use of data switches 

for the 1130 and keyboard input for the G.E. Timeshare. 

The data switches were used in the regular manner, i.e., 

checking to see which switches are on for the various 

design options (see program). For the timeshare 

program, keyboard input is used. The terminal will 

print out, "If you wish to change column diameter, 

etc. type in a 1 in column 1." It is essentially the 

same theory as is used on the 1130 with the exception 

that the data is typed right on the terminal instead 

of the keyboard. 
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212-425-6568 

GE MARK II T/S FROM NEW JERSEY 005 
TERMINAL 003 ON AT 14:06 03/11/70 
USER NIM6ER--TAJ03010,CENG 
PROJECT 10-91500 
SYSTEM--FOR 
NEW OR OLD--OLD 
ENTER FILE NAME-N41 
READY 
KEY 

READY 
LISTNH 

01*XLN*06120&-.1208522E-01*XLN**3) 
00100* ALLIED CHEMICAL G3Ri' ENGINEERING PRCJGRAM N41 
00110. INTEGERA,C 
00120 OIMENSICN,1(3) .00(S) ,L(6) ,DPRES(11) 
00131) COMMON OIAM.,&iEDH,IPKTe,HAASI,C,D,L,0PRES,RHOG,RHOL,VLF, 
00140.5WGH,VISCL,P5 
00150,11A,IFORM,GC,P5I,X,Y,G,PERFL,UM,F,XLN,NO,IN,OPH23,V,A,B, 
001604NjR0I,IAC5 
001701,IBE0H,RHJGA,AREA,CPSIA,K,KI,GF,DF,TEMPI,TEM?2,BEDHI,YONE, 
001i30 LL,11,10 
30190&IR,IZ,151,I54 
00210 FILENAME IN2,21.1T3,IN11,1N12,IN13,1N14,IN15,IN16,IN17,1Nrii, 
'70'220P I N19, I N20 
00230 INII="N4ISINT;3";INI2=";'441SINTR";IN13="N4IRSNC";IN14="N416"; 
00250,;,IN15="N41:-;SR3";INI6="NAIPALRP".;IN17="N.41PALRM"; 
03251.11INIEs="N410"; 
00260.4INI9="N41L";IN20="N410P:ZES";IN2=" "7•00T3=" 
00270 2RITECJUT3,1) 
00280 1 FORMAT(" ENTER 1 TD CONTINUE OLD PROBLEM ON 2 TO RUN NE';J", 
00290,2<//) 
00300 READ(IN2,2)IS5 
00310 2 FC,RMAT(V) 
00320 IF (155 - 2) 10,15,15 
00330 10 GOTO(570,600,120,290,161,140,670),C 
00340 15 4iRITE(01 )T3,5) 
00341 IS1= 2 
00342 15/4= 2 
00350 5 FORvATC" COF:PCRATE ENGINEFING,ALLIE0 CHE:.1ICAL",/" PRJGRAM 
00360 ,?< N41 DESIGN INFORMAT1jN FU:-: HACKED TOWE'S",/" 0.F./F.W.S. 
003701 TIMESHARE VEI:SI1N I M:;0 0 NriV. 1969",//" INSTUCTIOXS", 
003801/" ENTER ALL DATA THkDOU!i KEYODARD",//) 
00390 13RITE(3UT3,3) • 
00391 3 FOR!,ATC" TY0E FOLLOWING iNPIJT DATA:",//) 
00400 W::ITE(011T3,987) 
00401 9'67 Fr.);ATC" TYPE LI,-_)1110 FLOW RATE,LBS/HR") 
00402 READ(IN2,LF 
00420 WRITE(01-3,4) 
00430 4 FOR;...ATC" CAS FLOW RATE, LBS/HR ") 
-10440 READ(1\2,) WOR 
00450 W1:ITECOUT3,6) 
00460 6 ."1:.).MATC" GAS DENSITY, LB!3/CUFT ") 
00/00 READCIN2,2) PH0G 
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75 
00480 WRITECOUT3,7) 
00490 7 - FORMAT(" LIQUID DENSITY'. LBS/CUFT ") 
00500 READ (IN2.2) POOL • 
00510 WRITE(OUT3,8) 
00530 8 FORMAT(' LIQUID VISCOSITY. CENTIPOISE ") 
00540 READ(IN2.2) VISCL 
00550 WRITE(OUT3.9) 
00560 9 FORMAT(' COLUMN PRESSURE. PSIA" ) 
00570 READ(IN2.2) PSIA 
00580 WRITE(C0T3.11) 
00590 11 FORMAT(" TEMPERATURE. DEGK" ) 
00600 READ(IN2.2) TEMPI 
00610 WHITE(OUT3.12) 
00620 12FORMAT(" ENTER I FOR FOAMING SYSTEM. OR 2 FOR NON-FOAMING ") 
00630 READ(IN2.2) IFOAM 
00640 WRITECOUT3,13) 
0065013 FORMAT(" ENTER PACKING TYPE •• SEE MANUAL FOR CODE ") 
00651 14 FORMAT(7X.V) 
00660 READ(IN2.2) IPKTP 
00670 CPSIA = PSIA 
00680 30 FORMAT( .' FOAMING SYSTEM ") 
00690 35 FORMAT( " NON-FOAMING SYSTEM") 
00700 40 FORMAT(" THE BED HEIGHT IS GREATER THAN THE LIMIT OF 20 
00710& FEET"./" NEW RED HEIGHT SUGGESTED."/) 
00730 45 FORMAT(" COLUMN CONDITIONS HAVE CA0SED FLOODING. THEREFORE 
00740& INCREASE THE COLUMN DIAMETER OR PACKING SIZE") 
00750 50 FORMAT(" THERE IF NO PACKING FACTOR LISTED FOR THIS PACKING 
00760&SIZE AND TYPE. THEREFORE TYPE IN A NEW SIZE OR TYPE.") 
00770 55 FORMATC"THE PERCENT OF FLOODING IS EQUAL TO OR GREATER THAN 
00780& 100"./" NEW COLUMN DIAMETER SUGGESTED.",/) 
00810 00 60 1=1.8 
00820 60 READ(IN18,14)0(1) 
00830 00 65 J.1.6 
00840 65 READ(IN19,14)L(J) 
00050 DO 70 M=1.11 
00860 70 READ(IN20.14)OPRES(M) 
00070 IL = 0 
00880 IR = 0 
00890 ID = 0 
00900 IZ = 0 
00910 IF (IFOAM) F0,00,75 
00920 75 WRITE(OUT3.30) 
00930 GOTO 120 
00940 80 WRITECOUT3,35) 
00950 85 FORMAT(//" TYPE OF PACKING CERAMIC OR CARBON INTALO 
00960&X SADDLES"/) 
00970 90 FORMAT(/1" TYPE OF PACKING PLASTIC INTALON SADDLES" 
00980&/) 
00990 95 FORMAT(//' TYPE OF PACKING CERAMIC OR CARBON RASCH1 
O1000&G RINGS"/) 
O1010 100 FORMAT(//" TYPE OF PACKING 1/16 IN. WALL METAL RASC 
O1020&HIG RINGS"!) 
O1030 105 FORMAT(//" TYPE OF PACKING 1/32 IN. WALL METAL RASC 
O1040&HIG RINGS"/) 
01050 110 FORMAT(//" TYPE OF PACKING PLASTIC PALL RINGS"/) 
O1070 115 FORMAT(//" TYPE OF PACKING METAL PALL RINGS"/) 
O1080 120 GOTOC125.130.135,140.145.150.155),IPKTP 
01090 125 WRITE(OUT3.85) 
01100 A . 1 
O1110 GOTO 160 
O1120 130 WRITE(3UT3.90) 
01130 A = 2 
01140 GOTO 160 
01150 135 Wi-ZITE(0111- 3,95) 
01160 0 = 3 
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01170 GOTO 160 
01200 140 wRITE(OUT3,100) 
01210 A = 4 
01220 GOTO 160 
O1230 145 WRITE(OUT3,105) 
01240 A = 5 
01250 GOTO 160 
01260 150 WRITE(OUT3',110) 
01270 A = 6 
01280 GOTO 160 
01290 155 WRITE(OUT3,115) 
01300 A = 7 
01310 160 X=(WLF/WGR) * (RHOG/RHOL) ** .5 
01320 IF(X-.5)165,165,170 
01322 165 XLW=ALOG(X) 
01325 Y=EXP(-.4168572E01-.1007839E01*XLN-.2231154E00*XLN** 
01326'&2-.1858140E-01*XLN**3) 
01327 IA8C5=3 
01328 GO TO 185 
01329 170 IF(X-3.75)175,175,180 
01330 175 XLN=6LOGCX) 
01331 Y=EXP(-.4326525E)1-.9312685E00*xLN-.1820800E00*xLN**2 
01332&-.1132091E-01*XLN**3) 
O1333. IA8C5=2 
01334 GO TO 185 
01335 ISO XLN=ALOG(X) 
01340 Y=EXP(-.4935951E01-.867569E00*xLN-.1522480E00*XLN**2 
01350&-.9138094E-02*XLN**3) 
.01360 IABCS = 1 
01370 185 GC = .417E09 
01380 YONE = Y 
01390 PSI = 62.4/RHOL 
01400 NORDI = 5 
01405 00 225 IFIL=1,NOROI 
01410 GOTO(190,I95,200,205,210,215,220),A 
01420 190 READ(IN11,14)(8(J),J=1,3) 
01430 GOTO 225 
01440 195 REAO(IN12,14)(8(J),J=1,3) 
01450 GOTO 225 
01460 200 READ(IN13,14)(8(J),J=1,3) 
01470 GOTO 225 
01480 205 REAO(IN14,14)(8(J),J=1,3) 
O1490 GJTO 225 
01500 210 REAO(IN15,14)(8(J),J=1,3) 
01510 GOTO 225 
O1520 215 READ(IN16,14)(r3(J),J=1,3) 
O1530 GJTO 22 
01540 220 REA0(IN17,14)(3(J),J=1,3) 
O1541 225 CaNTINIJE 
O1542 REWIND INI1 
01543 REWIND IN12 
01544 REWIND IN13 
01545 REWIND IN14 
01546 REWIND !NIS 
O1547 REWIND IN16 
01548 REWIND 1N17 

.01560 IF (IF-150.)230,230,235 
01570 239 um = .1 
O1560 GOTO 240 
01590 235 WI = .2 
01600 GOTO 240 
01610 240 C = SOkT(CYONE*RHOG*NHOL*GC)/(F*PSI*VISCL**Um)) 
O1620 IF(1R)245,245,280 
01630 245 OIAN1=1.13*(1iki0)**.5 
01640 250 IF(IHKTP - 2)255,255,260 



77 01650 255 PAKSZ=DIAM/15. 
01660 GOTO 275 
01670 260 1F(IPKTP -• 5)265,265,270 
01680 265 PAKSZ = DIAM/30. 
01690 GOTO 275 
01700 270 PAKSZ = DIAM/12. 
01710 275 PAKSI = PAKSZ*12. 
01720 280 IF(PAKSI 3.0290,285,265 
01730 285 PAX51 = 3. 
01740 NORDI = 8 
01750 GOTO 340 
01760 290 00 295 I=1,8 
01770 IF(PAKSI - D(I))300.300,295 
01750 295 CONTINUE 
01790 300 IF(IR)305,305,310 
01800 305 IF(10)315.315.310. 
01810.310 0(1) = PAKSI 
01820 N3RDI = I 
01830 GOTO 340 
01840 315 IF(I 1)320.320,325 
01E150 320 PAKSI = .25 
01855 NJRDI= I 
01860 G3TO 340 
01870. 325 IF(IS4 - 2)330.335,335 
01880 330 PAKSI=D(I) 
01890 NJ!Z01=I 
01900 GOTO 340 
01910 335 PAKSI = DCI - 1) 
.01920 NORM = (I - 1) 
01925 340 00 380 IF1L=1,N0rWI 
01930 GO TO(345,350,355,360,365,370,375),A 
01940 345 rEAOCIN11,14)(9(J),J=1,3) 
01950 GOTO 380 
01960 350 NEAD(IN12,14)(A(J),J=1,3) 
01970 0-iT0 3,30 
01960 355 HEA0(INI3,14)(8(J),J=1,3) 
01990 GOTO 380 
02000 360 REA0(IN14,14)(H(J),J=1,3) 
02010 GOTO 350 
02020 365 REAO(IN15,14)(B(J),J=1,3) 
02030 031-0 380 
02040 370 READ(IN16,14)(R(J),J=1,3) 
02050 GJTO 380 
02060 375 REAO(IN17,14)(B(J),J=1,3) 
02061 380 CONTINUE 
02062 REWINO IN11 
02063 iiEW1N0 IN12 
02064 RE',AND 1N13 
02065 REWIND 1N14 
02066 REWIND 1N15 
02067 REWIND IN16 
02068 REWIND 1N17 
02070 F=BCIA8CS) 
02080 IF (F) 455,385,455 
02090 385 IF(IR)390,390,395 
02100 390 IF(10)400,400)3)5 
02110 395 ':!ATE(00T3,50) 
02120 CHAIN°N41OPT" 
02130 400 IF(A - 7)405,435,405 
02140 405 IF(A - 6)410,435,410 
02150 410 IFCA - 5)415,440,415 
02160 415 IF(A - 4)420,430,420 
02170 420 1F(A - 3)425,430,425 
02180 425 1F(A - 2)430,435,430 
02190 430 IF(i'AK51 3.)445.450,450 



02200 435 IF(PAKSI 2.)445.450,450 
02210 440 IF(PAKSI 10)445.450.450 
02220 445 I = I + I 
02230 GOTO 330 
02240 450 I = I - I 
02250 GOTO 330 
02260 455 IF(F - 150.)460,460.465 
02270 460 UM = ' 
02280 GOTO 470 
02290 465 UM = .2 
02300 470 G=SORT(CY*RHOG*RHOL*GC)/(1F*PSI*VISCL**UM)) 
02310 IF(IR)475,475.540 
02320 475 IF(ID)480.480.540 
02330 480 IF(IS1 - 2)495,485,485 
02340 485 1F(IS4 2)495.490.490 
02350 490 DIAM = 1.13*(WGR/G)**e5 
02360 495 ND=DIAM 
02370 FD=ND 
02380 IN=(DIAM - FD)*12. 
02390 IF (DIAM - 3.)500,500.515 
02400 500 DO 505 J=1.6 
02410 IF (IN - L(J))510,510.505 
02420 505 CONTINUE 
02430 510 IN=L(J) 
02440 IF (IN - L(6))5300525.530 
02450 515 IF (IN - 6)520.520,525 
02460 520 IN=6 
02470 GOTO 530 
02480 525 IN = 0 
02490 ND = ND + 1 
02500 530 DIAM=ND+(IN/12.) 
02510 IF(IPKTY - 6)535.540,540 
02520 535 IFCIP8TP - 3)540/540,545 
02530 540 XLN = ALOGCX) 
02540 YF=EXPC-.3327927E01-.1090819E0I*XLN-.1176425E00*XLN* 
02550&I*2+.2296566E-02*XLN**3) 
02560 GOTO 550 
02570 545 XLN = ALOGCX) 
02580 YF=EXP(.3988496E01-.9940904E00+XLN-.1573365E00*XLN* 
025906*2-.7954698E-02*XLN**3) 
02600 550 GF=SORT(CYF*KH3G*RH3L*GC)/(F*P5I*VISCL**(1M)) 
02610 AREA=3.1416*(OIAM/2,)**2 
02620 VF=GF/(3600 * RHOG) 
02630 V=CWG8/3600.)/(RHOG*AREA) 
02640 PERFL=(V/VF)*I00. 
02650 8 = 0 
02660 IF(10)555,555,645 
02670 555 IF(IF0AM)565,565.560 
02680 560 CALL MIKE 
02690 GOTO 570 
02700 565 KI = 0 
02710 CALL JUDI 
02720 570 1F(WKTP - 2)575,575,500 
02730 575 BEDH=6.*D/AM 
02740 GOTO 595 
02750 580 1F(IFKTP 5)585,55,590 
02760 585 HEDH = 2.6 DIAM 
02770 GDTO 595 
02780 590 BEOH=7.*OIAM 
02790 Goro 595 
02600 595 CONTINUE 
02810 600 IBEDH=BEDH 
02620 605 FORMA-Fe" LIQUID FLOW RATE =”sF9.2,2X.,” POUNDS PER 
02021&H0OK"/," GAS 
0263084FLOW HATE F9.2.2X..“ POUNDS PER HOUR"//" GAS DENSITY.**9X, 
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02840&"="sF11.4.." POUNDS PER CUBIC FOOT'//" LIQUID DENSITY =",F9024 
02850&2X.," POUNDS PER CUBIC FOOT"//" LIQUID VISCOSITY =",F9.2,2X, 
02860&" CENTIPOISE"//" COLUMN PRESSURE =",F11.4," PSIA"//" TEMPERATU 
02870&RE ="/F9.2,2X," DEGREES KELVIN"/) 
02880 610 FORMAT(' PACKING SIZE =",F9.2,2X," INCHES"//" COLUMN 
02890&DIAMETER ="p2X,I31" FEET",2X,I3," INCHES"/) 
02900 615 FORMAT( "GAS DENSITY"9X,"=", F11.4," POUNDS PER CUBIC 
02910&FOOT"//" PRESSURE DROP FOR RECCOMMENDED BED HEIGHT"/) 
02920 620 FORMAT(" BED HEIGHT BASED ON "."="/F9.2,4X/"FEET"/" 
02930&HYDRAULIC CONSIDERATIONS"/) 
02940 625 FORMAT(1H0/"TOTAL BED PRESSURE DROP THROUGH PACKING=", 
02950&F7.3,2X,"INCHES OF WATER") 
02960 630 FORMAT(IHO,"SUPERFICIAL VAPOR VELOCITY",13X,"=",2X,F5.2, 
02970&2X/"FEET/SEC.") 
02980 635 FORMAT(IHO,"PERCENT OF FLOODING"/20X,"="o2X,F5.2,2X•" 
029904PERCENT") 
03000,640 FORMAT(1HO,I3, "FEET",2X.F8.3,2X,"INCHES OF HATER") 
03010 TEMP2 = TEMPI 
03020 645 WRITE(OUT3,605)WLF.WGR/RHOG,RHOL/VISCL,PSIA,TEMP2 
03030 WRITE(OUT3/610)PAKSI,N0/IN 
03040 650 IF(IZ)655,655,665 
03050 655 IF(BEDH - 20.)665.665,660 
03060 660 BEDH 20. 
03070.665 WRITECOUT3,620)BEDH 
03080 LL = 0 
03090 670 IF(LL)680/680/675 
03100 675 WRITE(OUT3/605)WLF/WGR/RHOG,RHOL,VISCL,PSIAPTEMP2 
03110 WRITE(OUT3/610)PAKSI,ND,IN 
03120 WRITE(OUT3,620)BEDH 
03130 LL = 0 
03140 680 G=(NGR)/(DIAM/1.13)**2 
03150 AREA.3.1416*(0IAM/2.)**2 
03160 685 SUM=(PSIA/14.696)#407.14 
03170 JD 0 
03180 KL = 0 
03190 M = 0 
03200 NL = 0 
03210 ID = 0 
03220 IR = 0 
03230 RHOGA = RHOG 
03240 TOP = PSIA 
03250 BOTHP = PSIA 
03260 690 NL = NL + 1 
03270 RHOGA=RHOGA*(BOTBP/CPSIA)*(TEMPI/TEMP2) 
03280 IF(KL)700.695/700 
03290 695 WNITE(OUT3/615)RHOGA 
03300 KL = 1 
03310 700 X=(WLF/WGR)*(RH3GA/RHOL)#*.5 
03320 XLN = ALCG(X) 
03330 705 Y=(G**24F*PSI*VISCL**IIM)/(RHOGA*RHCL*GC) 
03340 YX=EXP(-.6249128E01-.6162116E00*XLN-.1397602E00*XLN* 
03350&*2-.1208522E-01*XLN**3) 
03360 DIFF = Y-YX 
03370 SDIFF = ABS(DIFF) 
03380 710 M = M + 1 
03390 IF(M - 11)71 5/ 715,815 
03400 715 GOTO(720/725/ 730.735,740/745/750/755/7(0/765/770)/M 
03410 720 YX=EXP(-.6249128E01-.6162116E004,XLN-.1397602E0(XLN* 
03420a*2-.1208522E-01*XLN**3) 
03430 6310 775 
03440 725 YX=EXP(-.5872896E01 -.7226284E00*XLN-.142993200*XLN* 
03450&*2-.1049381E-01*ALN**3) 
03460 GOTO 775 
03470 730 YX=EXP(-.5485292E01 -.7693485E00*XLN-.1346535E00*XLN* 
03480&+2-.7927142E-02*XLN**3) 



03490 GOTO 775 
03500 735 YX=EXP(—.5265190E01—,8076304E00*XLN—.1366381E00*XLN* 
03510&*2—.7560742E-02*XLN**3) 
03520 GOTO 775 
03530 740 YX=EXP(-44935951E01—.8675696E00*XLN—.1522480E00*XLN* 
03540&*2—.9138094E-02*XLN**3) • 

03550 GOTO 775 
03560 745 YX=EXPC—.4624282E01—.9174872E00*XLN—.1861755E00*XLN* 
035704*2—.1339159E-01*XLN**3) 
03580 GOTO 775 
03590 750 YX=EXP(—.4326525E01—.9312685E00*XLN—.1820800E00*xLN* 
03600&*2—.1132091E-01*XLN**3) 
03610 COTO 775 
03620 755 YX=EXP(—.4166572E01—.1007839E01*XLN—.2231154E00*XLN* 
03630&*2—.1858140E-01*KLN**3) 
03640 GOTO 775 
03650 760 YX=EXPC—.4024600E01—.9219081E00*XLN—.1583744E00*xLN* 
03660.“2—.9222639E-02*XLN**3) 
03670 GOTO 775 
03680 765 YX=EXP(—.3956496E01—.9940904E00*XLN-0573365E00*XLN* 
03690&*2—.7954698E-02,0xLN**3) 
03700 GOTO 775 
03710 770 YX=EXP(—.3627927E01—.1080619E01*XLN7.1176425E00*xLN* 
03720&*2+.2296566E-02*XLN**3) 
03730 775 IF(J0)815,780,810 
03740 780 REM=Y—YX 
03750 SREM=ABSCREm) 
03760 SDIFF = SREm 
03770 IF(REm)790,790,785 
03780 785 DELTP = DPHES(M) 
03790 GOTO 710 
03800 790 IFCM — 1)710,795,800 
03810 795 OELTP = OPRESCM) 
03820 GOTO 815 
03830 800 IP = M — 1 
03840 JO = 1 
03850 PYA = YX 
03860 IF(IP)795,795,805 
03870 805 GO TO(720,725a730,735,740,745,750,755,760,765,370),IP 
03880 810 ALPHA=CY YX)/(PYX-YX) 
03890 DELTP=DPRESCM — 1)+ALPHA*(0PRE5(M)—DPRESCM — 1)) 
03900 JD = — 1 
03910 GOTO 710 
03920 815 IF(DELTP - 2.01)830,820,820 
03930 820 WRITE(0UT3,45) 
03940 CHAIN "N41OPT- 
03950 825 WRITE(0UT3,55) 
03960 CHAIN "N410PT" 
03970 830 IFCIPKTP — 5)835,835,840 
03980 835 YF=EXP(—.3827927E01—.1060619E01*XLN—.1176425E00*XLN* 
03990&*2+.2296566E-02*XLN**3) 
04000 GOTO 845 
04010 840 YF=EXP( - .3988496E01-.9940904E00*XLN--.1573365E00*XLN* 
04020&*2-.7954698-02*XLN**3) 
04030 845 GE.SORTCCYF*RHOGA*RHOL*GC)/(F*PSI*VISCL**UM)) 
04040 V=(WGR/3600.)/CRHOGA*AREA) 
04050 PENFL=CG/GF)*100 

.04060 IFCPERVL 100.)850,825,825 
04070 850 SUM=SUM4-0EL7P 
04080 WRITEC0UT3,640)NL,SUM 
0 4090 8018P=CS1JM/407.14)*14.696 
04100 RH0GA=F0100*B3T6)/0PSIA 
04110 JO = 0 
04120 N = 0 
04130 1F(HEDH - N2)655,655,690 
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81 04140 855 BEDPD = BOTBP PSIA 
04150 OPH20=BEDPD/14.696*407.14. 
04160 WRITE(OUT3,625)DPH20 
04170 WRITE(OUT3,530)V 
04180 WRITE(OUT3,635)PERFL 
04190 860 FORMATC1H1) 
• 04200 WRITE(OUT3,860) 
04210 865 CHAIN "N41OPT" 
04215 STOP 
04220 END 
05000* 
05010 SUBROUTINE MIKE 
05020 INTEGER A,C 
05030 DIMENSION B(3),0(8),LC6),DPRES(11) 
05040 COMMON DIAM,BEOH,IPKTP,PAKSI2C,DAL,DPREStRHOGRRHOL,WLF,WGRoVISCL 
05050&,PSIA,IFOAM,GC,PSI,X,Y,GAPERFL,UM,F,XLN)ND,IN,DPH20,V,A,B2NORDI, 
05060&IABCSPIBEDH,RHOGA.tAREApCPSIA,K,KI,GFADFiTEMPI,TEMP2ABEDHI,YONE9 

05080 5 IFCPERFL-50.)70,10,10 
05090 10 XLN=ALOGCX) 
05100 K=K+1 
05110 GO TO (15,20,25,30,35,40,45950,55,60)sK 
05120 15 Y=EXP(—.3988496E01—.9940904E00*XLN—.1573365E00*XLN**2 
05130&—.7954698E-02*XLN**3) 
05140 GO TO 63 
05150.20 Y=EXP(.4024500E01—.9219081E00*XLN—.1583744E00*XLN**2 
05160&—.9222639E-02*XLN**3) 
05170 GO TO 65 
05180 25 Y= EXP(—.4168572E01—.1007839E01*XLN—.2231154E00*XLN**2 
05190&—..185140E-01*XLN**3) 
05200 GO TO 65 • 
05210 30 Y=EXPC—.4326525E01—.9312685E00*XLN—.1820800E00*XLN**2 
05220&—.1132091E-01*XLN**3) 
05230 GO TO 55 
05240 35 Y=EAP(—.4624282E01—.9174872E00*XLN7.1861755E00*XLN**2 
052508,—.1339159E-01*XLN**3) 
05260 GO TO 65 
05270 AO Y=EXPC—.4935951E01—.8675695E00*?CLN—.1522480E00*XLN**2 
05280&—.9138094E-02*XLN**3) • 
05290 GO TO 65 
05300 45 Y=EXP(.•..5265190E01—.8076304E00*XLN—.1366381E00*XLN**2 
05310&—.7560742E-02*KLN**3) 
05320 GO TO 65 
05330 50 Y=ExPC—.54535292E01—.76934F-I55:00*XLN—.1346535E00*XLN**2 
05340&—.7927142E-0%).*XLN**3) 
05350 GO TO 65 
05360 55 Y=EXPC—.5872896E01—.7226284E00*XLN—.1429932E00*XLN**2 
053708,—.1049381E-01*XLN**3) 
05380 GO TO 65 
05390 60 Y=EXP(—.6249128E'-01—.6162116E00,vXLN—.1397602E00*XLN**2 
05400&—.1206522E-01*XLN**3) 
05410 65 G=SORT(CY*RHOC;*RHOL*GC)/(F*P5I*V15CL**UM)) 
05420 PERFL=(G/GF)*100. 
05430 GO TO 5 
05440 70 RETURN 
05450 END 
06000* 
.06010 SU3ROUT1NE JADI 
06020 INTEGER A,C 
06030 DIMENSION 8(3),D(8),L(6),DPRES(11) 
06040 COMMON OJAM,r3F.DH,IPKTP,PAKSI,C,D,L,DPRES,PHOG,RHOL•11LF;1100.VISCL. 
0605014,SIA.IFOAM/GO,PSI,X,Y,GsPERFLsUMAF,XLNaND,INJOPH20,VmA,A,NORDI, 
0606DRIABCS,IBE0HAFOG4,AREA,CPSIA,K.KI,GF,DF,TEMP1,TEM2,BE0141,YONE, 
06070&LL'IL,LO,IRJIZoISIJISH 
06080 5 IF(PERFL-20.)10,70,70 
(14.090 10 KI=KI+1 
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06100 GO TO (15,20,25,30,35,40.45.50,55,60),KI 
06110 15 Y=EXP(-.6249128E01-.6162116E00*XLN-.1397602E00*XLN**2 
06120&-.1208522E-01*XLN**3) 
06130 Gd TO 65 
0 6140 20 Y=EXP(-.5872896E01-47226284E00*XLN-.1429932E00*XLN**2 
06150&-.1049381E-01*XLN**3) 
06160 GO TO 65 
06170 25 Y=EXP(-.5485292E01-.7693485E00*XLN-.1346535E00*XLN**2 
06180&-.7927142E-02*XLN**3) 
06190 GO TO 65 
0 6200 30 Y=EXP(-.5265190E01-.8076304E00*XLN-.1366381E00*XLN**2 
06210&-.7560742E-02*XLN**3) 
06220 GO TO 65 
06230 35 Y=EXP(-.4935951E01-.8675696E00*XLN-.1522480E00*XLN**2 
06240&-.9138094E-02*XLN**3) 
06250 GO TO 65 
06260 40 Y=EXP(-.4624282E01-.9174872E00*XLN-.1861755E00*XLN**2 
06270&-.1339159E-01*XLN**3) 
0 6280 GO TO 65 
06290 45 Y=EXP(-.4326525E01-.9312685E00*XLN-.1820800E00*XLN**2 
06300&-.1132091E-01*XLN**3) 
06310 GO TO 65 
06320 50 Y=EXP(-.4168572E01.1007839E01*XLN-.2231554E00*XLN**2 
06330&-.1858148E-01*XLN**3) 
06340 GO TO 65 
06350 55 Y=EXP(-.4024600E01-.9219081E00*XLN-.1583744E00*XLN**2 
06360&-.9222639E-02*XLN**3) 
06370 GO TO 65 
06380 60 Y=EXP(-.3988496E01-.9940904E00*XLN-.1573365E00*XLN**2 
06390&-.7954698E-02*XLN**3) 
06400 65 G=SORT(CY*RHOG*RHOL*GC)/(F*PSI*VISCL**UM)) 
06410 PERFL=(6/GF)*100. 
06420 GO TO 5 
06430 70 RETURN 
06440 END 
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WHAT? 
OLD 
ENTER FILE NAME-N41OPT 
READY 
LISTNH 

10000* N410PT CONTIANS OPTION BRANCHES FOR PROGRAM N41 
10010 INTEGE1-: A,C 
•10020 DIMENSION Fi(3),OCH),L(6),DPRES(11) 

10030 GOMON 0/WM,BEDH,IPKTF,PAr<SI,C,0,L,DPRES,PHOG,RHOL,LF,IgGR,VISCL 
10040&,PSIA,IFAN,GC,r'SI,X,Y,G,PFFL,UM,F,XLN,ND,IN,OPH20,w,A,D,N0DI, 
10050aIARCS,IBE7H,TZHOGA,A1,;EA,CPSIA,K,KI,GF,OF,TEMPI,TEMP2,0E0H1,YONF, 
10060iLL,IL,ID,IK,If,IS1 ,1S4 
10080 FILENAME IN2,01 11-3 
10120 IN=" ";OUTS='" 
10130 UkITECOUT3,5) 
10140 5 FJiMATC" TYPE 1 Ti CHANGE COLUMN DIAMETER",/" TYPE 2 TO CHANGE 
10150.?, BED HEIGHT"../" TYPE 3 TO CHANGE TYPE OF PACKING",1" TYPE 4 TO 
10160,F, CHANGE PACK'ING SIZE",/-  TYPE 5 Ti) CHANGE LIID FLO':J 1ATE",/" 
10170e. TYPE 6 Ti CHANGE GAS FLC; NATE”,1" TYPE 7 To CHANGE TEmPERATuRE 
10160& AND pPESSiARE",/-  TYPE 8 13 TERiliNATE PR3GRA",//1 
10190 READ(.12.10)IJK 
10200 10 F,0RI-',4T(V) 
10210 GO T0c100,115,1:,40,200,220,235,260,265),IJK 
10220 100 ':!RITE(01T3,35) 
10230 35 FoiN-:ATc" TYPE CCL,JMN DIAETE!:,. USE DECIVAL POINT",/) 
10240 READCIN2.,10)DIA 
10250 0=DIAm 
102()0 FD=ND 
10270 /N-(DIAM-FD)*12. 
10260 LL=l 
10290 C=1 
10300 ID=0 
10310 IR=0 
10315 131 =1 
10320 CHAIN "N41- 
10330 115 BEDH1=E0H 
10340 UkITE(0,I13,i0s) 
10350 105 F-JATC" TypE RED HEIGHT. USE A DECI MAL POINT",/) 
10360 READ(IN2,10)REDH 
10370 IF(S'EDH-cIEDH1)160,160,120 
103E10 120 t4NITE(O11T3,35) 
10390 35 EDR:-ATC" THE BT 7o l!EIGHT PROPOSED IS GREATER THAN THE MAXIMM 
_10400a",/- ALL',DABLE BED HFIGHT. TYPE 1 IF YOU i:TISH TO USE THIS 6E0 
.10410 HEIGHT",1" TYPE 2 10 USE ;AXii,-Ium BED HEIGHT. TYPE 3 TO G3 HELO 
10420). /,,AXIUi.",/" BED HEIGHT",/) 
10430 READCI2,10)IJ,/, 
10440 GO 10(15:1,140,155),I0X 
10450 140 BEDH=:3EDH1 
10460 GO TO 160 
10470 160 LL=0 
1040 C=7_ 
10493 1,0=0 
10500 IF.z0 
10510 17=1 
10520 CHAIN "N41" 
10530 155 'ri1.1TECOU13,145) 
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10540 145 FORMATCTYPE NEW BED HEIGHT. USE A DECIMAL POINT",/) 
10550 READ(IN2,10)BEDH 
10560 GO TO 160 
10570 180 WRITECOUT3,11) 
10580 11 FORMAT(" THE INTEGER CONSTNATS FOR THE PACKING TYPES ARE:",/ 
10590&" 1 CERAMIC OR CARBON INTALOX SADDLES",," 2 PLASTIC INTALOX SADD 
10600&LES",/" 3 CERAMIC OR CARBON RASCHIG RINGS",/" 4 1/16 1N WALL MET 
10610&AL RASCHIG RINGS",/" 5 1/32 IN WALL METAL RASCHIG RINGS",/" 6 
10620&PLASTIC PALL RINGS",/" 7 METAL PALL RINGS",//" TYPE THE INTEGER 
10630&FOR THE DESIRED PACKING",//) 
10640 READ(IN2,10)IPKTP 
10650 LL=G 
10660 C=3 
10670 ID=0 
10680 IR=1 
10690 CHAIN "N41" 
10700 200 WRITE(OUT3,185) 
10710 185 FORmATC" TYPE PACKING SIZE. USE A DECIMAL POINT",/) 
10720 READCIN2,10)PAKSI 
10730 LL=0 
10740 C=4 
10750 ID=1 
10760 IR=0 
10770 IS4=1 
10780 CHAIN "N41" 
10790 220 WRITE(OUT3,205) 
10800 205 FORMATC" TYPE LIQUID FLOW RATE. USE A DECIMAL POINT",/) 
10610 READCIN2,10)WLF 
10820 LL=0 
10830 C=5 
10840 10=0 
10850 IR=0 
10860 CHAIN "N41" 
10670 235 WRITECOUT3,225) 
10680 225 FORMAT(" TYPE GAS FLOW RATE. USE A DECIMAL POINT",!) 
10890 READCIN2,10)WGR 
10900 LL=0 
10910 C=6 
10920 10=0 
10930 1R=0 
10940 CHAIN "N41" 
10950 260 WRITE(OUT3,240) 
10960 240 FORMAT(" TYPE COLUMN PRESSURE. USE A DECIMAL POINT",/) 
10970 READ(IN2,10)PS1A 
10980 WRITE(DUT3,241) 
10990 241 FORMAT(" TYPE COLUMN TEMPERATURE. USE A DECIMAL POINT",/) 
11000 READCIN2,10)TEMP2 
11010 LL=I 
11020 C=7 
11030 ID=0 
11040 IR=0 
11050 CHAIN "N41" 
11060 265 STOP 
11070 END 

WHAT? 
OLD 
ENTER FILE NAME-N4ISINTP 
READY 
LI STNR 
SERVICE TEMPORARILY INTERRUPTED. PLEASE CALL BACK IN 5 MINUTES. 



212-425-6560 

GE MARK II T/S FROM NEW JERSEY.  005 
TERMINAL 007 ON AT 14:56 03/11/70 
USER NUMHER--TAJ03010,CENG 
PROJECT ID--91500 
SYSTEM--FOR 
NEW OR OLD--OLD 
ENTER FILE NAME-N41SINTP 
READY 
KEY 

..READY 
LISTNH 

- 10000 0.'0.'0. 
10010 330.'330...330. 
10020 200.'200...+200. 
10030 130.'135.'145. 
10040 
1 00 50 
10060 31.'34.'40. 
10070 
OLD 
ENTER FILE NAME-N41SINTR 
READY 
LISTNH 

10000 0.'0.'0. 
10010 0.,0.,0. 
10020 0.,0.,0. 
10030 0.'0+,0. 
10040 32.'32.'32. 
1 0050 0+,0.'0. 
10060 21.'21.'21. 
10070 14.s14.,14. 
OLD 
ENTER FILE NAME-N4IRSRO 
READY 
LISTNH 

10000 1600.'1600.'1600. 
10010 1000.'1000.'1000+ 
10020 580."5B0."51i0. 
10030 210.,255.,255. 
10040 120.'155.'160. 
10050 
10060 50."65."65. 
10070 
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ENTER FILE NAMEN410 
READY 
LISTNH 

10000 .25 
10010 .375 
10020 
10030 .75 
10040 1.0 
10050 1.5 
10060 2.0 
10070 3.0 . 
OLD 
ENTER FILE NAME-N411'ALRP 
READY 
LISTNH - 

10000 09,04,0. 
10010 0.,0.,0. 
10020 
10030 • 0.,0.,0. 
10040 52.'52.'52. 
10050 32.,32.,32. 
.10060 25./25./25. 
10070 0.,0.,0. 
OLS9-0 
ENTER FILE NAMEN4IRSRM6 
FILE NCI-  SAVED 
READY 
OLD 
ENTER FILE NAME-HSR 
FILE NJT SAVED 
RADY 
01_00 
ENTER FILE NAt.:E-N41RSRM3 
READY 
LISTNH 

10000 0.,0.,0. 
10010 390."3904"390. 
10020 300.,300.,300. 
10030 170.,170."170. 

-10040 115.'115+,115. 
10050 
10060 0./04/0. 
10070 00,0.)0. 
OLD 
ENTER FILE NAME-N41PALRP 
READY 
LISTNH 

10000 0."0.,0. 
10010 0.,0.,0. 
10020 
10030 
10040 52.'52.'52. 
10050 32.332.'32. 
10060 . 25./25./25. 
10070 0./0.,0. 
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OLD 
ENTER FILE NAME-N41PALRM 
READY 
LISTN.J.-H 

10000 
-100020 
10010 
10020 0./0.)0. 
10030 70.,70.J70• 
10040  
10350 31./36.,28. 
10060 
10070 
OLD 
ENTER FILE NAME-N41L 
READY 
LISTM4-NH 

10000 2 
10010 4 
10030 6 
10040 8 
10050 10 
10060 12 
OLD 
ENTER FILE NAME-N41DHRES 
READY 
LISTN11 

10000 .05 
10010 .07 
10020 .10 
10030 .15 
10040 .25 - 
1 00 50 .35 
10060 .50 
10070 .75 
10060 1.0 
10090 1.5 
10100 2.0 
BYE 
0000.33 CRU 0000.20 TCH 0003.33 KC 

OFF AT 15;08 03/11/70 

87 



88 

BILTOGRAPHY  

1. Faust, A. S., Wenzel, L. A., Clump, C. W., 

Maus, L., and Andersen, L. B., 

Principles of Unit Operations  

J. Wiley & Sons, Inc., Third Edition, 1964 

2. Smith, B. D.Design of Equilibrium Stage Processes, 

McGraw-Hill Inc., 1963 

3. U. S. Stoneware, Design Information for Packed  

Towers, 1967  


	Packed column simulation
	Recommended Citation

	Copyright Warning & Restrictions
	Personal Information Statement
	Title Page
	Approval of Thesis
	Abstract (1 of 2)
	Abstract (2 of 2)

	Table of Contents
	Chapter I: Introduction
	Chapter II: Method of Operation of a Packed Column
	Chapter III: Stepwise Procedure for Designing a Packed Column
	Chapter IV: Computer Calculation Method
	Chapter V: Program Options
	Chapter VI: Comparison of Equations Obtained from Regression Analysis vs. Established Values from U. S. Stoneware
	Chapter VII: Operating Instructions for the IBM 360,1130
	Chapter VIII: Packing Factor Data File
	Chapter IX: Equations for Pressure Drop Curves
	Chapter X: Generalized Pressure Drop Correlation
	Chapter XI: Program for IBM 360,1130
	Chapter XIII: Program for G. E. Timeshare

	Table of Nomenclature
	Bibliography

