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ABSTRACT

The most difficult and time consuming aspect of
the design of packed columns 1s the hydraulic part.
If the designer wants to try many different conditions,
many repetitive calculations will have to be performed.
Also, some ilnaccuracy 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
liguid flow ratesg, 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, liguid 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 helght, 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 1s some area involving either absorption,

gtripping, scrubbing, distillation or extraction.

A common unit used in these operations 1s the
packed tower., The usual purpose ofvthe tower 1s to
bring into contact a gas stream with a liquid stream.
Almost all towers use counter current flow, the liguid
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 liguid loading or low-vapor high
liquid loading service; (b) where highly corrosive
materials are to be handled: (c¢) where harmful
contamination from metals might e 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 1s in



the area of handling corrosive materials.,.

The most widely used design criteria used are thoge
of the Norton Company, formerly U. 8. 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/G)(eg/gi)%. These 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 basgics have been
discussed, the method of hand calculation, and computer

calculation will be discussed.



METHOD OF OPERATION OF A PACKED COLUMN

Faugtl 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. 1In
most of the mass-transfer rate operations,
phase L will be liguid. Thus the liguid, 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 1s a liguid.

Packed towers like all other phase contacting
equipment, have limitations in thelir capaclty to handle
vapor and liguid loads. In distillation, the ratio of
vapor and liguid is Tixed by the reflux ratio. The
operating limits, therefore, lie belween the minimum
reflux ratio and total reflux ratio and total reflux.

For a given distillate rate the actual quantities of
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vapor and liquid are fixed in relation to the minimum
or total reflux. The limitatlons 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 ilmposed by
separation of the desired components, in terms of
interrelated liquid and vapor quantities, there are
other limits to capacity which must be reallzed. 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 1s insufficlent flow to
cover the packing with liquid, and bypassing of liquild
and vapor takes place with a very low efficlency 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 ilmposed Dby
poor efficiency of contact at low ligquld and vapor rates
and by excessgsive 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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STEPWIEE PROCEDURE FOR DESIGNING A PACKED COLUFMN

1. There are many methods which are acceptable in the
design of a packed column., The most widely used,‘
however, 1s that of U. S. Stoneware. Since their
packing is the most widely used al present I have

decided to use their method of hand calculations,

packing factors, etc.

2. The following procedure is that which 1s 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 I'igure 5

of the U. 3. Stoneware pressure drop graph.
N5
X -k ( P%',m ;
G \E-¢ (1)

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

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

@_= liquid density, #/cu. ft.
If X = 0.5 or less, go to the pregsure 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
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4, Calculate the vapor rate from thc equation on the

ordinate of the graph.

o5
G — YQC; o (%ﬁf ’
- m?yfwwfwmﬂm (2)

where: G = vapor rate, #/hr sq. ft. (for this
packing size)
Y = ordinate on Figure 5
ge= 32.2
iy = 62.4

€

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

€ = liquid density, #/cu. ft.
F = packing factor (see Table 1)
AL = viscosity of liguid in centipoise
As a starting point, assume an F factor for a 1"
packing size.
If F is less than 150, M = 0.1

F is greater than 150, 7= 0.2

E. Calculate a rough column diameter:
G'(Acutal Rate in #/Hr) 0.5 (3)
D=1.13 G (From Step 2)
6. Calculate a packing size and substitute for the

value assumed above:

Using Raschig Rings: Packing size = D/30
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Saddles: Packing size = D/15

1A

Pall Rings: Packing size D/10 but

Z D/15
Obtain a new value for G, using the corrected
packing factor, and recalculate the column
diameter,
Calculate the actual Velocity (based on conditions

at top of column):
-G
Y = Zicog, (&)
Calculate the flooding velocity:
Repeat the above procedure using the flooding line
(the 1.5" line for Raschig Rings) and calculate

the value of Gg at flooding.

\/xwgw.fm 5

ClACeYE? (5)
where: Vp = the flooding velocity, FEET/SEC.
Calculate the percent flooding:

% Flooding = %FX 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" HZO/ft. A Raschig Ring packed

bed will flood at a pressure drop of 13" HZO/ft.
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or less. If a foaming system 1s being considered,
the column should te operated at less than 50% of

the calculated flooding point.

Establish the maximum allowable bed helght:
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.

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
loss per foot of packing by the total bed height.
The pressure drop for columnsg operating at

subatmospheric pressures must be established by

~calculating and summing the individual pressure

drops across incremental sectlons 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 4P from the graph.



d)

e)

f)
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Establish the pressure at the bottom of the
second increment by additing the newly
éalculated.&? to the pressure at the top of
this increment.

Continue the pressure drop calculations for
each increment of column helght until the
pressure at the bottom of the bed has been
established.

Establish the total bed pressure drop by
subtracting the top pressure from the

calculated bottom pressure.
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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 1limits such as bed height or pressure drop are
imposed, one may eagily change the column height,
diameter, etc. to meet these specifications. As was
stated before, many columns may be calculated 1in a
relatively short time. The average time per calculation
igs 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, 1t is
also the most convenient becausge the sense switches
are the easlest and fastest method to make a change 1in
the column conditicns. For example, 1f 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 ig 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,

Frote, 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.7), liquid
viscosity (centipoise), operating temperature (degrees
Kelvin), operating pressure (pounds per sqguare 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 Deita P = 0.05, 0.07, 0,10, 0.15,
0.25, 0.35, 0.50, 0.75, 1.00, 1.50, in HZO/ft. and
the flooding line. The equations may be seen in
Table 2. They are plotted - .on FPigure 5. The additional
curves plotted are for the values of Delta P = 0.07,
0.15, 0.35, and 0.75, in HZO/ft. These additions
make for greater ease of interpolation and greater
accuracy in the valuesg 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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interpolétion, The data

Hh

iles include packing factors,
packing sizes, round-off values for the column

diameter and pressure drop values,.
The method of calculaticn will now be discussed:

1. The values of the gas and liquid flow rates, gas
and liquid densities, the teumperature, liquid
viscosity, pressure, foaming or non-foaming, and
packing type are read from the data card and

printed out.

2. An absclssa value 1s assigned on the data files for

the packing type. (See data file arrangement)

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

calculated from the following equation:
X = (WLF/WGR) * (RHOG/RHOL) * * 0,5 (7)

ITf X = 0:5, an initial pressure drop line of
6.75 inches of HZO/ft. is chosen.
If X = 3.75, an initial pressure drop line of
0.05 inches of HZO/ft. is chosen.
If X = 3.75, an initial pressure drop line of

0.25 inches of HZO/ft. is cnosen.

L, A value of Y is calculated from the X value on the

chosen equation from:
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Y = : * N -+ ] % % %

EXP (Cl + CZ‘ XLN + CB XLN 2+ Cy
XLN % % 3) (8)

An initial packing factor is determined. A 1"

packing size is used to start.

Depending on the packing factor, a value for the
exponent ig determined.,

n
_/{"{‘ = [ l

150 AT = 2

A

If F £ 150

F

v

A crude value of G is calculated:

¢ = SQRT (Y ¥ RHOG * RHOL * GC)/(TF * PSI *
VISCL * * UM) (9)

A crude value for the diameter is calculated:
DIAM = 1.13 * (WCGR/G) * * 0.5 (10)

The value calculated is rounded up to the nearest

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

-

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

Having obtained a diameter, a packing size 1is
calculated.
If the type of packing 1s
Raschig Rings: PAKSZ = DIAM/30

Saddles: PAKSZ = DIANM/15

i

Il

Pall Rings: PAKSZ DIAM/12
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10, 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 :vEXP(Cl + C2 * XLN + C3 * XLN #® % 2 4+ C4 3

XLN * % 3) (11)
SQRT (YF * RIOG * RHOL * QC)/(F % PSI *

GF

i

VISCL * UM) (12)

The cross-sectlional area based on the diameter

is given by:

AREA = 3.1416 * (DIAWM/2) * * 2 (13)
VF = GF/{(3600 * RHOG) (14)
V = (WGR/3600)/(RHCG * 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
conditlons.
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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I 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.

The program now goes thrdugh a series of trial
and error calculations untlil the value of Y at
the given X value falls between two Y values
ocbtained from two pressure drop equations. A
linear interpolation is done to get a value for

the pressure drop in the first foot of packing.

i

ALPHA (y - YX)/(PYX - YX) (17)

DPRES (M - 1) + ALPHA * (DPRES(M)
DPRES(M -1)) (18)

DELTP

il

The pressure drop calculated for this interval is

then added to the original pressure at the top

" of the column.

The gas density 1s then corrected for the change
in pressure and a new Y value 1s calculated. A
new pressure drop 1s 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.

A final vapor velocity and percent of flooding
is calculated and printed out.
V = (WGR/3600)/(RHOCA * AREA) (19)
PERFL = (G/GF) * 100, (20)

The program now goes into the option program which

is discussed in the next chapter.
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Afser the final printout and before termination

of the program, the following options are available

to the designer:

1. Rerun the program using
diameter.

2. Rerun the program using

3. Rerun the program using
packing.

L, Rerun the program using
size.,

5, Rerun the program using
liquid flow rate.

6. Rerun the program using a

pressure and temperature,

differens

different

different

different

different

different

column

bed height.

type of

packing

gas or

column

If any change made in the optional portion of the

progran gives performance values above the flooding

line, the progrzm will suggest a change of the column

diameter or packing size.
fene]

Tf the calculated be height

exceeds 20 feet, the printout from the main program

will 1imi®t 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 cholces:
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The designer may use this bed height
regardless of the limit,

The designer may use the maximum allowable
bed height.

The designer may type in any bed height

he wishes,
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PROGRAI] CHARACTERISTICS AND RESTRICTICNS

The following section suggests the characteristics

and resirictions set up in the program. Any of these

may be altered bty a few changes 1n the program. These

characteristics are suggested by the U. 3. Stoneware

and the writer's design experience.

ll

An arbilitrary limit of 20 feet for the bed height
has been set, If, on the basis of the packing
gize and column diameter a bed height greater than
20 feét is calculated, the program will type out
that the limit has been exceeded. It has been
suggested by the U. S. Stoneware Corporaition that
20 feet be the 1limit. If more feet of packing

is required, it should be broken down into smaller
beds. TFor example, 1if 45 feet of packing are re-
guired, 1%t may be broken down intec 3 - 15 foot

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

Packing sizes are limited to L/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 1s needed for the
addition 1s the packing factor. An even easiler

way 1s 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.

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).

Calculated diameters below 3 feet are rounded up
by 2 inches and those equal to or above 3 feel are
founded up by 6 inches. Example: (4.15 feet is

rounded to 4 feet 6 inches).

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 1s equal to the
diameter of the column (in.) divided by 15.
Pall Rings, the packing size 1s equal to the
diameter of the column (in.) divided by 12,

They are rounded down to the next smallest size.

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.

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 FRCM REGRESSION ANALYSTIS

Vs,

ESTARLISHED VALUES FROM U, 5. STONEWARE

Equation for the parametric lines on Figure 5 were
obtained by regression analysis. The deviations of
these equations may be seen 1n 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 purpoges. 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 inadegquate 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

. 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



L,0
10.0

0.01
0.04
0.20
1.0
b4,o
10.0

0.01
0.04
0.20
1.0
4,0

10.0

FLOODING LINE

(CON'T)

Y Stoneware

1.5 in.

0.004

0.00L

Hzo/ft. Packing

27

Y Equation

1.0 in.

0,137
0.087
0.054
0.018
NA

NA

H,0/ft. Packing

0.107
0.087
0.054
0.018
NA

NA

0.004

0.001

0.139
0.092
0.054
0.018
0.003
NR

0.107
0.092
0.054
0.018
0.003

NR



0.01
0.0k
0.20
1.0
L4.o

10.0

0.01
0.0k4
0.20
1.0
L,o

10.0

0.01
0.04
0.20
1.0
4,0

10.0

Y Stoneware

0.75 in. EZO/ft. Packing

28

Y Egquation

C.084
¢.073
¢.0oL7
¢.015
NA

NA

}sz/i’t. Packing

F.J
3

C.062
C.058
0.040
0,013
0.002

NA

E7O/ft. Packing

0.051
0.043
0.032
0,010
NA

NA

0.087
0.073
0.047
0.015
0.002

NR

0.061
»0.058
0.039
0.013
0.002

NR

0.048
0,043
0.028
0.010
o.boz

NR



0.01
0.04
0.20
1.0
4.0
10.0

0.01
0.04
0.20
1.0
4.0

10.0

Y Stoneware

0.25 in.

Ezo/ft. Packing

0.15

1N«

0.038
0.032
0.021
0.007
0.002

NA

EZO/ft. Packing

29

Y Egquation

0.10

in,

0.025
0.022
0.013
0.005
NA

NA

HZO/ft. Packing

0.018
0.016
0.010
0,004
0,001

NA

0.038
0.033
0.020
0.007
0.002

NR

0.025
0.022
0.012
0.005
0.001

NR

0.018
0.016
0.010
0.004
0.001
NR



0.01
0,04
0.20
1.0
h.o

10.0

0.01
0.04
0.20
1.0
h.o

10.0

30

0.07 in, HZO/ft. Packing
0.011 0.011
0.010 0.010
0.007 0.007
0.003 0.003
NA NR
NA NR

0.05 in. H,0/ft. Packing
0.006 0.006
0.005 0.005
0,004 0.004
0.002 0.002
NA NR
NA NR
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OPERATING INSTRUCTIONS

If the IBM 1130 or 360 is used, only one data
card 1s 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

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

Gas Flow Rate Pounds Per Hour 11-20 F10.2
Liguid Density Pounds Per 21-27 F 7.3
Cubic Ft.

Gas Density (top Pound Per 28-34 F 7.5

of column) Cubic Ft.
Temperature Degress Kelvin 35-41 F 7.2
Liquid Viscostiy Centipoise L2-L7 F 6.3
Pressure (top of PSIA 48-53 F 6.2
column)
Non-Foaming 0 5l-56 I3
Foaming 1 54-56

Packing Type None 57-59 I3
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The following numbers should be used to represent

the respective types of packing:

2)

3)

L)

1. Intalox Saddles - Ceramic
2., Intalox Saddles - Plastic
. Raschig Rings - Ceramic
. Raschig Rings - Metal (1/16" Wall)

3
B
5., Raschig Rings - Metal (1/32" wall)
6. Pall Rings - Plastic

7

. Pall Fings - Metal

Arrange cards in the following manner:
1. // XEQ PKTW 3

2. * Local PKTW, MIRE, JUDI

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

L. * Files (17, PACRM) (IP,---)
Execute program.

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 Crogss sectional area of the tower, ft.z

BEDH Height of packed bPed, ft.

BOTBP Column pressure at points in the packed bed
PSIA

DELTP Pressure drop, inches Hzo/ft. packing

DIAM Diameter of tower, ft,.

DPRES Variable refers to data file material

DPH,O0 Total pressure drop, inches of H,0

F Packing factor

FOAM Indicateg foaming system

G Mass flow rate, 1b./hr.—ft.2

GF Mass flow rate at flooding, lb/hr.—ft.2

GC 0.47 x 109 (constant)

NORDI Ordinate value for data files, integer

PAXST 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

RIOGA Corrected gas density, 1b/ft.3

e}
RHOL Liquid density, 1b/ft.~



SUM
TEMP
UM

v

VF
VISCL
WGR

WLF

34

Cperating pressure, inches of water
Cprerzting temperature, degrees kelvin
Exrorent

Surerficial velocity, ft./sec.

Superficial velocity at flooding, ft./secc.
Vigeccsity of liguid, centipoilse

Cas flow rate, 1b./hr.

Liguid flow rate, 1b./hr.
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SHERWOOD APCTSSA Packing Factors

From Bulletin DC-10, U.S. =

( ) Stogewa;é) X =3.75 0.5-3.75 0.5
RSEM 6 l@ RASCHIG RINGS,

METAL 1/16" VALL

1/4 - in. 0 0 0
3/8 - in. 0 0 0
1/2 - in. 0 0 0
3/L - in. 220 220 220
1 - in. 77 122 144
1 1/2 - in. L3 65 85
2 - in. 38 54 71
3 - in. 32 32 32
FILE NO. 18 FILE NO. 19 FILE NO. 20
PACKING SIZE D ROUND OFF VALUES  PRESSURE DROP
FOR DIAMETIER CURVES ARRAY
ARRAY L 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 (56) = 12 DPRES(6)=.35

DPRES(7)=.50
DPRES(8)=.75
DPRES(9)=1.00

DPRES(10)=1.50
DPRES(11)=
FLOODING=Z2
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SHERWOOD ARBCISSA Packing Factors

X =3.75 09.5-3.75 0.5

PALRM 17 - PALL RINGS, METAL

/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 L2 52
11/2 - in, 31 36 28
2 - in. 20 25 25

3 - in. 0 0 0

PALRP 16 - PALL RINGS, PLASTIC

/4 - in, 0 0 0
3/8 - in. 0 0 0
5/8 - in. 97 97 97
3/ - in. 0 0 0

1 - in. 0.024 wall 52 52 52
11/2 - in. 0.030 Wall 32 32 32
2 - in. 0.036 wWall 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 - 1in. 0 0 0
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SHERWOOD ABCISSA Packing T'actors

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/L - in. 130 135 145
1 - in. 84 91 98
1 1/2 - in. 39 Lhvo 52
2 - in. 31 34 Lo
3 - in. 20 20 22

SINTP 12 - INTALOCX, PLASTIC

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

1 - in. 32 32 32
11/2 - in. 0 0 0
2 - in, 21 21 21

3 - in. 14 14 14

RSRC 13 - RASCHIG RINGS, CERAMIC

1i/4 - in. 1/16 - in. wWall 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
11/2 - in. 3/16 - in. wall 65 95 95
2 - in. 1/ - in, Wall 50 65 65

3 - in, 3/8 - in. Wall 37 37 37



Curve

Inches of Wzter Fer
Foot of Packzing

Flooding Lire Y =

1.50 Y =
1.00 Y =
0.75 Y =
0.50 Y =
0.35 Y =
0.25 Y =
0.15 Y =
0.10 Y =
0.07 Y =
0.05 Y =

Eguation

EXP (—3-827927—1.080819X—.ll?6425x2

+,002295566%)

EXP (-3 988u%6 . 994090x -, 15733o5x

- OO/9;+698X

EXP (~4.02@680—.9219081X—.

-.009222639x”)

EXP ( u.168§72-1.oo7839x-.

-.01959140x")

EXP (—u.326§25~.9312685x—.

-.01132091x7)

EXP <—u.624%82-.917u872x-.

-.01339159x~)

EXP (-4.9359%1_.8675696x~.

-.£09133094%x~)

EXP (-5, ?6;1%0~ .8076304x~,
-.007560742x%

EXP (~5.4852%Z—.7693485xw.

-.007927142x7)

EXP (-5, 87/896 722628U4x~,
-,01049381x3)

EXE (-6.,249128-,6162116x%-
-,01208522x3)

15837k
22311 54x°
18208007

2
18617 55%

1522L80x%7

1366381x°

134653 5%°

1429932X2

.1397602x2

38
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@
Plgungwg
060 : , -
o GENERAUZED PREQ%URE DROP
40 | CORRELATION 7
0.20 - "F/OQ i ’ ‘ ‘
} PARAMETER OF CURVES' 15 PRESSURE |
T ————

i DROP (IN INCHES OF WATER/FOOT

ol N or. EACK..D HEIGHT
|

1.5
010 :‘::'""'“'-LO —-

4 |
060" ;
i
i

040:

o -
0.

L£20;

GeF Y %2
& R

it

- Ol0

006

004

002

001!

e
O
A%

04 06 O 02 04 06 10
- L (Ps\ %
X=z (7))

L= LIQUID RATE, LB5/SEC, SQ. FT.
Gz GAS RATE, LBS./SEC., SQ. FT.
A= UQUID DENSITY, LBS/CU. FT.
= GAS DENSITY, L8S./CU FT.
= PACKING FACTCR
u= VISCOSITY OF LQUD, CENTIFOISE
{ RATIO D NCWKTV O ‘!\!'\J_[_r}

! {)[ NSIY OF | LUICQUIG ‘
9 = CRAVITATIONAL CONSTANT =32.2

O 40 60 100
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e e e S i o B0
g XEQ T e e e
I-TEGERASC

T T T T T T B IMENS TONR (3 DB Y e L6 s DPRES(ILY T
N ] . COMMOMD IAMyBECH s IPKTPPAKSI sCy DL s DPRESIRHOG, RHOL s WLF s WGRIVISCLSPS
T T T T T T T FAS IFOAMIGCaPS I s X a Y s G PERFL s UM F s XLINsND s INsDPH204 VA4 B4 NORDI»TAUBCS
’ T2 IDEDHsRHOGA JAREASCPSTAWK K I s GFyDF s TEMPLsTEMP22BEDHL sYONEsLL s IL o [V
3, 1R 17 o ) AR AR A N ey s el

. : DEFINEFILEIL(B8:6sUsI Ul 212(8469UsJ1) s131(84635Us K} +14(8:6sUsKI) »
I T T T T Y 15 {8065 Us JKY 216 (8 465 UsKIY 21T (863 UsLHMY 1818, 2sUaML) 4 19(651sUsM
- 2HY 22001129 UsMND)

T T e EORAT (1M1 040X *DESIGN INFORMATION FOR PACKED TOWERS's30Xs! F W ST
IHMIDTY/ /)
T CALL DATSWI(54155) T T T T e s e e
4 IF (155 = 21 10s15415
T TTLOT GOTOU5T7056C051204290916051604670015C T T
1% WRITE(345)
T 50 FORMAT (25 10029F Te33F Te59F Te23F5W35F662,213) T .
READ{2320)ALF s wGR s RHOL s RHOGs TEMP1,VISCLsPSTAs IFOAMs IPKTP
T T CPSIA = PSIA h T T T oo o
, 25 FORMAT('Y LIQUID FLOW RATE =1 4F9.242Xs" POUNDS PZR HOUR'//!' GAS
Trmmmmeesm— s g e Ol RATE T T T =1 3F9,24.2X s Y POUNDS PER HOUR!'//!Y GAS DENSITY's9X,
: 1t=V4F1lsba,yf POUNDS PER CUBIC FOOT!'//' LIQUID DENSITY =l 4F9els
TommsTmee o 12X et FOUNDS PER CUBIC FOOTY//' LIGUID VISCOSITY SV FG 232X
1t CENTIPOISE!'//' COLUMN PRESSURE =V 4Fllebst PSIAY//Y TEMPERATU
Tttt 1RE =t 4G e292Xat DIGREES KELVIN') v T o
WRITE(3425)WLF 9 wCER¢RMDGIRHCL s VISCLPSIALTEMPL
TT T I g T FORMAT (10 TFOAYING SYSTEMEY T T T T ST T e
: 35 FORMAT(1-0s "AON=FOAMING SYSTEM!)
TTTTOTTIIT 40 FORMAT (Y, THE BED HMEIGHT 15 GREATEZR THAN THE LIMIT OF 20 FEET, THER
1EFORE TURN ON SWITCH 2 TO TYPE IN A NEwW BED HEIGHT.'s/s!' PUSH STAR

T1Tet) e o

45 FORMAT{Y COLUMN CONDITIONS HAVE CAUSED FLOODING THEREFORKE INCREZA

TTTTTTITTTIT T T IS THE C COLUNMN DIAMETER OR OPACKING STZE'Y) T ‘ '

50 FORMATU(' THERE IF NO PACKING FACTOR LISTED FOR THIS PACKING S12t A

TroTTmmmmTTTTTTT T TIND O TYPE, THERFFORE TYPE IN A NEW SIZE OR TYPELY) ' o

55 FORMAT('THE PEIRCENT OF FLOODING IS EQUAL TGO OR GREATER THAN 100sTH
TEREFORE TURN ONM SWITCH 1 TO TYPE IN NEW COLUMN DIAMETER«'/s' PUSH

. 1 START 1) M
e N e T =158 - e e e e ot e s e e i e 2
o N 60 READ(LIB'I)Y D(I} o A - o

DO 65 J=146
865 READ(19'U) LC(»y L L

DO 70 M=1,1: ‘
70 READ(20'H) DPRES(M)

1L =0 gl AR —_— . e
IR = ©
e I - ID’-: O e T T T . A T T T T - T =
12 = O
o Tt TUIF (IFOQAM)Y BOs8Q 7S T T e e
T5 WRITE{3+30) , _
A . . : e
80 WRITE(3535)
TUTTIBE FORMAY(/////77270 TYPE OF PACKING T T CERAMIC OROCARBON IHTALO
1X SADDLES! /)
- 90 FORMAT(///7/7/77//7Y TYPE OF PACKING 7 77 77 PLASTIC INTALOX SADDLES!
17}
T 9% FORMAT(///7/7/7/777% TYPE OF PACKING 777777 "CERAMIC OR™ CARSON RASCHI
, 16 RINGS!t /)
TUTTTITTTI00 FORYMAT(/ /4474778 TYPE OF PACKING TTTTT1/16 INe WALL METAL RASC



-

IHIG RINGSY/) . -
T T 08 FORMAT (/4 /7 /777 TYPE OF PACKING TTTTTTTTTTTTIZ/32 TINS TWALL METAL RASC
_ 1HIG RIMNGSY /)
TTTUTTTTTTTTY10 FORMATY( /2 / 077 TYPE OF PACKING PLASTIC PALL RINGSY/)
: 115 FORMAT(//7/7/7/47/7Y TYPE OF PACKING METAL PALL RINGS'/)

120 GOT0(125+13013551404145515051551)41PKTP o T
125 WRITE(3+85)
. A=l —_— e et e e e e e+ e

- GOTO 160 : :

e 130 WRITE (3990 ) e

A= 2 ’ :

s G070 160 . U VU SOOI
135 WRITE(3+,95) \

P

—_ R SR L — e e

GOTO 160
TUTITTITIUI40 WRITE(3,100) T T T T e e s s e e
- A= 4
GOTO 160 -
145 WRITE(35105)
S S - e e
"GOTO 160
e B WRITE (391100 « o e e e e e
A =6 :
COT0 160 et e
155 WRITE(35115)
e o o o - "A = .7 B Je— — U R et reanemm e et e mm e
: 160 X = (WLF / WGR) % (RHOG / RHOL) % * 45
TTTITI T S UIE (X = W5 165516551700 77 T TTTT T
. 165 XLN = ALOG(X)
TemTmItetivy oz EXPL - o4168572E01 ~ 41007839501 ¥ XLN - #2231154E00 % ALN ¥ ¥
‘ .12 = 41258140 = 01 * XLN % % 3)
T T T T T T T T ABCS = 300 T T e e T
. “GOTO 185
e g0 F (X = 30750 17551755180 00 7T m e e m
175 XLN = ALOG(X) :
TeTTIImI et Y = EXP( - o4326525E01 = 09312685500 % XLN -~ #1820800E00 * XLN ¥ %
- 12 ~ «1132091€ = 01 * XLN * % 3)
Lt e T ABCS g L <
GOTO 185
TUTUT180 XLN = ALOGEX)T T
Y = EXP{ - 44935951E01 = «8675696E00 * XLN — «1522480E00 * XLWN
12 =~ 49138C94E - 02 ¥ XLN % ¥73) T T T
IABCS = 1
TTTTTTTIRS 60T = W 417E09 T
YONE = Y
LT PRSI = 6264 4 RHOL T
NORDI = 5

*
*

GOTO(190:195,200+20542109215,22010 A )
190 READ(I1'NCRDI) B
TTTTTITITTTITT T 6070 225 Co T e T e e
195 READ(12'NORDI) B8
TTUTTITTTT T GOT0 225 T T T e T T B
200 READ{13'NORDI) 8
GOTO 225 oo T T T e e -
205 READ(14'NORDI) B
T s 0 GQOTO 225 s T T o i
210 READ(15'NORDI) B
. S cote 225 A, - e . e



: %)
T O IO, N e e A

215 READ(16'NORDI) B : '
TTUTTTGOTO 225 o - - e T T
220 READ(17'NORDI} B )
225 F = B{1ABCS) o - - T ST T e e e e
_ IF (F — 150.), 230,230,235 '
230 UM = o1 o D 2 e e e e
GOTO 240 : ‘ o
'““—‘*“‘*"“—*235 UM & g2 7777 T " T
GOTO 240 '
240 G = SQRT( (YONE ¥ RHOG % RHOL E3 GC) /O(F ¥ PST % VISCL #® #7UMY) 7
IF (IR} 245,245,280
T 245 DIAM = 1e13 %2 (WGR / G} 3% % g5 TUTTTTTITUIIITIIIIS s e s e e e
250 IF (IPKTP = 2) 25542555260
255 PAKSZ = DIAM / 15, T _ T
GOTO 275
T260 IF (IPKTP =~ 51 26542654270 7 77 7T T T S s e s e
265 PAKSZ = DIAM / 30,
GOTo 275 . S - ‘ e e i
270 PAKSZ = DIAM / 12.

280 IF (PAXKSI — 3.} 2%0+285+285

T 285 PAKSI = 3. T T T T m S I e T e e e e
NORDI = 8 _ .
e e i 6010 340 O S S
290 DO 295 1=1+8 - .
T TR (PAKST =~ DIV T30093005,2957 T T T T T T T T e e e
295 CONTINUE ’ ’

77300 IF {IR) 3054309,310 0 0 T oTTTm ommommmomrmm o e mm mn e e
305 IF (ID) 31553154310

TTT310 DUI) = PAKS!I CoT T e e _.:.,4._-_.__,_. o Ty

- NORDI = I ’ '

315 IF (I ~ 1) 320432043225

S 7320 PAKSI = .25 T T S S e s
NORDI = 1 ~
o e GO TG BB o e e e e e i o 2o x o

325 CALL DATSWI(4,s154)

275 PAKST = PAKSZ #7124 . ' T

T GOTO 340 e S S S

TIF (IS4 -~ 217330532 35,,3357 T T - - T

330 PAKSI = D(I)

NORDI = I e e e e o e et o et e et 2L 2 2 et om et

GOTO 340
"335 PAKSI = DI = 1) 7 777 T T e s e e
NORDI = (1 -~ 1)

345 READ(11'NORDIN B

encte e T8 G000 350 e e e

350 READ(12'NORDI) B .
- 77N GoTe 380 e

1355 READ(13'NORDI) B ,

TS T 600 380 e — e T
360 READ(14'NORDI) B

- - ST GOTO 38D e e e i i e
365 READ(15'NORDI) B
. coTe 3m0 e
N 370 READ(16'NORDI) B

" 60TO 380 e e e e e o et it & s e e e e o e e
375 READ(17'NORDLI)Y B
7380 F = B(IABCS) T T T e e m e e e

T340 GOTO(324543504355%2504365937093751%A o N ToTmTmr o



iF (F) 455493854455

TTTTTTTTTTTTTTT385 IF (IR 3905390395 A . TTTTTITTE

390 IF (ID) 400-400+395

TTOTTTT T39S WRITE(3s50]) A = s ) e

CCALL LINK(OPT)

CTTTTL00 U IF (A = T) 4055635,405 7 0T T e e

405 1F (A =~ 6) 41024354410

TTTTTTTTTTR10 IF (AT~ 5) 4155440,415 - T

415 IF (A = 4} 42044304420

425 IF (A — 2) 43044351430
TUTR30 IF (PAKSI = 34) 4454450,450
435 IF (PAKSI =~ 26} 4$453450,450

PSS

445 1 = 1 + 1 . :

7 GOTO BBQ o e o e e e et e e et o e 2 =
450 1 = 1 - 1

D GOTO 380 - e mermeem e i+ Lo e o o
455 1F (F = 1504} 46034604465

o —— s 4 »[*60 —-U‘4 z— .—1 - --—-fv R v——v—.- B e i e

‘ GOTO 470
e es e e
470 G = SORT( (Y ¥ RHOQG ® RHOL * GC) / (F % PSI % VISCL * % UM))
“.. IF (IR} 47544755540 e o S
475 1F (1D} 48254805540

TTTTTTTTITTT 480 CALL DATSwW(LsIS1Y T T T T e

IF (181 = 21 49545435,485

T 420 1F (A = 3) 42544304425 T T T T I S T e e

TTTR40TIF (PAKST =~ 1e) 445%450,450 7 i T

TTTTTTT 485 CALL DATSW(4s1S6) T s s e e
L IF (IS4 = 2) 49544304490

TTTTTTU 490 DIAM = 1413 % (WOR / G) % x g 5TTTTTTTIT mmmommommemi s s e
495 ND = DIAM

A — S
IN = (DIAM = FD) % 12,

TTTTTTTTOUIF ACIAM = 34) 50095004515 0 T T T e e e

500 DO 505 J=136

. IF (IN = L{Jy) 5105510,505 T pmm e e e
505 CONTINUE

1IF (IN = LI{6)) 53045254530
T 818 IF {IN = 6) 52045204525 T e
%20 IN = 6

“525 IN

it

0

530 DIAM = ND + (IN 7 12.)}

FUUUU T IF (IPKTP = 60 53555404540 7T TS ST s s e s s s e s e
535 IF (IPKTP - 3) 54045404545
540 XLN = ALOGIX) T T mmmn mmmm e A T ) T

810 7IN = LLW) B S

CGOTO BBG T T T e e e e

TTTTND =" ND o+ 1T T - o T T T T T T s T e e

YF = EXP{ —~ 43827927E01 ~ «1080819E01 * XLN =~ «1176425E00 % XLN *

TTTTTTTTTTITTITTITTTLR T2 422955668 —7 02 ¥UXLN O XTRTZy O oo e T
GOTO 550

——m B4 XLN = ALOG(X) o e e e e e+« e e e 4t e e e e o e
YE = EXP{ = ¢3983496E01 =~ ¢99L0904E00 * XLN ~ «1573265E00 = XLiN *
R 1% 2 ~ 27954560988 ~ 02 # XLN ¥ % 3) o ’ ’ C '
550 GF = SQRT({ (YF % RHOG * RHAL * GC) / (F # PRSI % VISCL * % ymy)
T UTTARCA 5 341416 % [DIAM /26 )T s CZTTTUT TN s e n T s e
VF = GF 7/ (3600 * RHOG)
T V= (WGR / 3690.) / (RHOG = AREA) T~ 5 7777 T ommmmmommommm e s e



PERFL = (V / VF) »
K = 0 ,
IF (1D} 55585554645 _ - - "”
555 1F (IFOAM) 565,5655560
560 CALL MIKE TrmT
" GOTO 570 :
T 56% KI = 0 o e e e e o —— - __M R

CALL JUDI

% 100s

TTTTTTTTTTITSTIQTIF {IPKTPR =T 2Y 57545 75,580 - - Tt
57% BEDH = 6. * DIAM o :
TSI ST T e e et GGTO 595 T T T T T T ‘: - T T e A
580 IF (IPKTP - 5) 58545854590
TTTTTTTTTU 586 BEDH = Ze6 % DlAM T T o mommmmmmemm e T T -
. GDTO 595
590 BEDH = 7. ® DIlAM T
GDTO 595 : ‘
e 595 CONTINUE e _ e e e e e e

600 IBEDH = REDH ' ¢

T 605 FORMAT(! -LIQUID FLOW RATE  ='4F9¢252Xs' POUNDS PER HOUR'!'//' GAS
1FLOW RATE =V 4F94242Xs !t POUNDS PER MOUR'//' GAS DENSITY!'s9X
T T T T M b=t g F 1l ey P POUNDS PERTCURICTFOOT Y/ /Y LINUID DENSITY T T T2t 4F9,2,
12X+' POUNDS PER CUuBIC FOOT'//!' LIQUID VISCOSITY =1 gFO9a292xK
TTTTTUTTTITT T e CENTIPOISEY /7% COLUMN PRESSURE =t F1llabs!' PSIA'//Y TEMPERATU
1RE =1 4F2,242Xs! DEGRELS KELVINt/)
T T 610 FORMAT(' PACKING SI1ZE T =V 3F94292% INCHES Y //Y COLUNMN DIAMUET
‘ 1ER =V 42X I3 FEET®424s134% INCHES'/) :
TR IS FQRMATO T T Y GAS DENSITY'SXs'=ty  Fll.ast POUNCS PERTCUBIC FOUTY/

1/' PRESSURE
e e e e o 620 FOR! H T( [ E[LG

IID-RATICKS'/}

DRCP FCOR RECCOMMENDED BED HEIGAT'!/)
{EIGHT BASED ON ' ot'='aF9 424X 'FELT'/!' HYDRAULIC CONS

625 FCQMAT(lHO;'T TAL BED PRESSURE DROP THHOJUJ PACKING='3FTe352%)
1VINCHES OF WATER?')
- TTTTTTTe30 FORMATI 10 P SUPERFICTIAL VAPCOR TVELOTTITY V313X s F=1 s 2XsF 5429243 '"FELT/S
1ECe )
T 7635 FORMAT(LHOs *PERCENT OF FLOODING' 320Xy ' =t 32X sF 5429 2Xs "PERCENT ')
- 640 FORMAT(IHO+I3s 'FCET'42XsF8e342Xs ' INCHES OF WATER')

TEMPZ = TEMP1

645 WRITE(335505) WLF»WGRIRHOGIRHOLsVISCLsPSIA,TENP
TTTWMRITE(355100PAKSTHND s IN T
o 650 IF (1Z) 65595531655
T 655 IF (BEOH -~ 20.) 66536655660 7 T corrTmemmr e
o 660 BEDH = 20. ‘
T T 665 WRITE(3s520)B3E0H o o e )
—— - e e LL = o
7670 IR T {LL)Y 68C.680,675 - i T
675 WRITE(350605)WLF 2w GRIRHOGIRHOLIVISCLIPSIA, TEMP2
k2 CWRITE(Z ’(’)l"\)PM\JI sk IN T T
o MRITE(3,620)BED )
AR e e e i s e
L 680 G = (WGR) / (DIAM / 1.13) % % 2 '
T TAREA = 31416 ¥ (DIAM /20N KR o T
o 685 SUM = (PSIA / 14.696) % 407414
_ SRR TR O
KL = 0O
T M o= 0 i o T T o N B N
NL = O
T 1= 0 o ) T N
IR = 0
T ) RHOGA = RHOG T T e e T T } )



~ Ls
e 2 0P = PSIA e e e e e e e .
BOTBP = PSIA -
TUTTTTTTTTTT UTTEGOUNL = NL O+ 0T — - -
RHOGA = RHOGA * (BOTBP / CPSIA) * (TEMPLl / TEMP2)
TTUNTTTTTTTTTTT U UU1F (KLY 700469547000 o - e
695 WRITE(3+615)RAH0OGA e
e KL o= 1 e e e e
700 X = (WLF / WGR) % (RHOGA / RHOL) * # .5
. CUUXUNTETALOGOXRY T D B T
. 05 Y = (G % % 2 # F x PSI % VISCL * % UM) / (RHDOGA * RHOL % GC)
T CYX = EXP{ = 46249128E01 - 6162116500 * XLN = «1397602E00 % XLN #
‘ 1% 2 ~ 212085228 -~ 01 * XLN % % 3)
T TTUDIFF = Y - YX T T
<« SDIFF = ABS(DIFF)
T T T ~71(‘) MMM o+ 1T - - T T
IF (M —~ 11} 7157155815
T 715 GOTOQL 720472547204 7354 74037454750 3 T552 760,765 770 ) 514
720 YX = EXPL - 249128601 = 46162116500 * XLN = ¢1397602600 * xiLn
i T 1¥ 2 = 1208522 ~ 01 % XLN * % 3) o
GOTO 775 :
725 YX = EXPUl = o58T2BI96E01 ~ 7226284500 % XUN <~ 1429932600 % XL
1% 2 = 41049331E ~ 01 % XLN % x 3)
T " G6OTO 775 o T o
730 YX = EXP{ = ,5485292FE01 - 7693485E00 % XLN - 41346535E00 #% XLAN
o Y% 2 = 479271428 = D2 % XLN ¥ ¥ 3}
GOTO 775 :
TTTTTTTT 735 YX = EXP( =~ 45265190001 = .8976304E00 % XUN = V13663810600 * XL~
1% 2 - .756O7A2C - 02 % XLN * % 3)
R, eoTo 775 o AL AN 2 e
740 YX = EXP{ = .4935951E01 — .8675696E00 * XLN - 41522480E00 * XL *
T 3% 2 -~ 49138094E -~ 02 % OXLN % % 3) T
GOTO 775 ‘
TTTTTTTTITTTTTILES YK = EXPU - G 4624282E01 = T 9ITLSTIE00T R TKUNT S L I8E1TSSEDD 4 XL
1# 2 = «1339159E - 01 % XLN % % 3)
e e S S TN T L e D D e e
750 YX = EXP( =~ +4326525E01 — .9312685£00 % XULN - +1820800€00 % xXLN &
T T 1% 2 = L1132091E -~ 01 ¥ XLN ® ¥ 3) 7 ST
GOTO 775
- T557YX ETEXP{ S 4168572501 2T L I00TRBGES L TH UXUN ST 22U 311548007 XL N
1% 2 = «1858140E ~ 01 * XLN * ¥ 3)
e 6070 775 SN A T R
760 YX = EXP( = 44024600001 = 49219081F00 * XLN = 41583744E00 * XLA
) ) © 1% 2 = 4922263%E - 02 % XLN % % 3) I ‘
GOTO 775
TTLTTTTTTTTTTTI6 YK T2 ERPL =T B988496F 0T = YOA UG OEEOD TR TRUN = 1B T3565E00 # XL &
o 1% 2 — «7954698E - 02 * XLN % * 3) ’
T - GOTO 775 o ST T
i 770 YX = EXP({ = ¢3827927E01 - .1osoa‘; 01 % XLN = «1176425E00 % XLAN *
: 1% 2 + (220655668 = 02 % XLN ¥ % 3) o ‘
775 1F (JD) 315.7805810
[ ‘”'780 "D:‘;' = Y - YX o Tt T T T e e e e
) CSREM = ABS(REM)
SDIFF = §RCM T e T ) o - N
IF (RTM) 790,790,785
"T85 DELTR = DPRES() ) B T
o GOTO 710
) TT90 IF UM =~ 1) 710479548007 T T T ’
~ 795 DELTP = DPRES(M]
’ T GOTO 815 ’ T B T



< . o : Lé
800 IP = M =~ 1 _ : o . e
T JD =1 4 _
y _PYX = YX R _ e
TR 1 795,79 2805
805 GOTO(T720s725373357355740+745+7505755+76057655770151P

T T B10 ALPHA = (Y - YXY / {PYX - YX)

T DELTP = DPRES(M = 1) + ALPHA % {(DPRES(M) - DPRES(M = 1)) -

:)D : "'l noTe ) T T —— T T snmns m e TmT T e m S m e M T )

GOTO 710

T B1IS IF (DELTP =~ 2403 830.820+820

820 WRITE(1445)

T CALL LINK(OPT)

825 WRITE(1s55)

TTUTTCALL LINK(OPTY T

830 IF (IPKXTP = 5) B353835:+840

T835 YF = EXP{ — «38Z7927ED] —~ 41080819501 % XLN =~ «1176425E00 * XLN %
1% 2 + 22296566E = 02 * XLN * # 3) .

GOTO 845 o ; e e e e e
840 YF = EXP( =~ ,39¢8 9406‘01 - «9940904E00 * XLN - «1573365E00 * XiLnN *
T T TR T2 - {795&698E ~TQ2 XL % ey T T T

845 GF = SORT( (YF x RHOGA * RAOL * GC) / (F % PSI % VISCL = % UM))
TV = (WGR 7/ 3560063 /4 (RHOGA T AREAY T T T - T

PERFL = (G /7 GF)Y % 100 S
'IF (PERFL = 10C.) 850,825,825 7 '
B50 SUM = SUM -~ DELTP

T T T MRITE(3.6400NLSUM T T T
‘ BOTBP = (SUM / 407.16) % 1£.696 ‘
"""""""""""" TRHOGA = RHOG * BOTBP / CPSIA T TTomommommmmmm s
 _Jb=o0 :
e 82T O S e e
If (BEDH - NL) £55:85535690
77855 BEDPD = BOTBP - DSIA T ) T
DPH20 = BEDPD / 164696 % 407414 .
S R T E (3t Dot T R T
e WRITE(3:630)V
o W‘”“’RIT:( 3’635 )pER‘C‘L T T m T T T T T e s e e m T e
B60 FORMAT(1#1) ‘
T T T VIR 1 Tt {25s260) T T e e
865 CALL LINK(OPT)
. (202 BlEk L e e e

*STORE )

T INTEGERA, € T S s s o
DIMENSION®S(3) +D(8) +L{6) $DPRESE11)

TCOMEOMDIAM e BEDM s IPKTPSPAKST el DLy DPRESYRHOGy RHOL s wUF s wGRIVISCL P A

:.!f___,.,“.,..__....,.._, ITASIFOA s ClaPSTIs X aY s GaPERFL s UM sF o XL s iU s INSOPHZD s VeA139ORDI 1 TABS s
] “ 2IBEDHsRHOGASARE A $C PSIA;\v\lsLPQQF’TL\PlaTLWPZ7Bfuﬁ1,Yu,L,LL,IL;IU;
| 3IR11Z

DEFIﬂCFILEllfﬁgéqLJQIJ) 212(8356sUs 1) 213(8s6sUsIK) 314(Bs6sUs<I)
1150865 Uy UX) tlﬁ(Q!GsU J7 !l](%lé!U’Lv) 91°(8;?yU9&L) y19( il9U;
2N) 32001142 sUsNI o T T ‘ V

5 FORMAT(!Y TJURN SWITCH 1 OGN IF YCU WISH TO CHANGE THE COLUMMN DIANETL
ARe s/t TURN SAITCH 2 ON IF YOU wISH TO CHANGE THY BED HEIGHT . '/
_ IY TURN SWITIH 3 ON IF YOU wISH TO  CHANGE THE TYPE GF PACKING.')
10 FORYAT( Y THE INTESGER COMNSTANTS FOR THE NEW PACKING TYPE ARE AS FOL
JILtOwsSe b))
T15 FORMAT(' 1 CERAMIC OR CARBOMN JNHTALOX SADDLES.'s/s' 2 PLASTIC INTAL
10X SADOLESs's/s*' 3 CERAMIC OR CARBON RASCHIG RINGSet /st 4 1716 I
1o WALL METAL RASTHIG RINGSe's/«' 5 1/32 [iNer WALL METAL RASCHIG R




- ' L7

1GSe's/0!' 6 PLASTIC PALL RINGSe's/s' 7 METAL PALL RINGS')
TTTTTTTTTTTITTT 207 FORMAT (Y TURN SWITCH 470N IF YOU WISHTTO CHANGE THE PACKING SIZEL!
1)
25 FORMAT(!' TURN SWITCH & ON IF YOU WISH TO CHANGE THE LIQUID FLOW RA
1TE« s /s!' TURN SWITCH 7 OM IF YOU WISH TO CHANGE THE GAS FLOw RATE.
T1%s /e TURN SWITCH 8 ONM IF YOU WISH TO CHANGE THE COLUMM PRESSURE A
IND TEMPERATURE«'s/s' TURN SWITCH 10 ON IF YOU WISH TO TERMINATE TH
""I'E“ pROGRAM' ¢ )‘ T T T T e e ______,,,..,.t___‘,_ T T s s e s e e
30 FORMAT(!' TURN ON SWITCH 5 AND PUSH START. ')
77735 FORMAT(! THE BED HEIGHT PROPOSED IS GREATER THAN THE MAXIUM ALLOW
1ABLE BED HEIGHT's/9t IF YOU wlSH TO USE THIS BED HEIGHT [URN ON Sw
TIITCH 11'/9' IF YOU WISH TO USE THE MAXIMUM ALLOWABLE BEU HEIGHT T
JURN ON SWITOH 12's/s' 1F YOU WISH TO GO BELOw THE ALLOWABLE 8ED HE

T TLIGHT TURN ON SWITCH 139y 777
40 FORMAT(' PUSH START!)
T " 45 WRITE(1+5) T T e e e

WRITE(1520)

T WRITE(1+25) o T T e Y
WRITE(1530) -
PAUSE e _— -
CALL DATS# (14151} ’

TIF (1S1 = 2) 100450950 T T TTTTTITIIITI S s s e e e
50 CALL DATS®(2s152) .
© 0 IF (182 - 2) 115455,55 0 T T oo T
55 CALL DATSW{3,153) :

TIF (1S3 ~ 2) 18045Cs50 - R T

60 CALL DATSWI(&L,154)

- - T IF (IS4 -~ 2} 2005685065 0 T TS T - )
.65 CALL DATSWI{6,156)

ST IR (186 = 20 220s70Qe70 T T ITII T amm e e
70 CALL DATSW(T7,187)
T TIF (IST - 2) 235475%7s T T o o

75 CALL DATSWI(B,15¢8}

TUTTTTTTTT LR (158 =~ 2) 2604580580 T T e e e
80 CALL DATSW(10+1S10) S o e

IF (1S10 =~ 2) 265445545
85 FORMAT(' TYPE THE NEw COLUMM DIAYETER I Fhel FORMATS')
90 FORMAT(Fa, 1) 07 777y mm e e e s T e e e
95 FORMAT(!' DIAM ='3F4,4)s' FEETY//7)
100 WRITE(1+35) T T e
READ(6390)1D1AM

WRITE(2,95)1D1AM i T T e e e
ND = DIAM
JTTTTTTTTTTTTTTTTTT ERED = ND ) T o T T T T
JIN= ADIAM - FD) % 12, S :
o Ll =1 ' i

C =1

ID =0 T e - i
IR = 0 ) L
TTTTTTTTTT T U CALL U LINK (PR T T T e o T T T
105 FORMATI(!' TYPE THE NEW HFD HEIGHT IN F4el FORMATY)
T 110 FORVATI{!' BEDM ='3Fa.ly' FEETY /7)Y 7 h ’ B .
11% BEDHL = BEDH
T WRITE(1s105) ST T e e T T
READ(6+901BEDH
T TR LHEDY ~ BEOHL) 16051601207 T T e s s e
120 WRITE(1135)
- e R ITE (1450 e e e e e e e e e



b . 1 §
‘ PAUSE .
eI e CALL DATSWIL1.1S11)
IF (IS11 = 2) 16051309130 ) o
TTTTTTTTTTTTTTYR0 CALL DATSWIL2.1512)
L OIF (IS12 = 2) 140s135s135
ST T U T135 CALL DATSW(13,.1513)
: IF (1S13 ~ 2) 155+120,120 ~
TTTTTTTTTTTTTYEG T BEDH = BEDHI T T
GOTO 160 S L o o
T 06 FORMATO Y TYPE THE NEW BED HEIGHT IN Fae.1 FORMAT')
150 FORMAT{F4.1) i i
T T 7155 WRITECI2145)
" 4 READ(65»15018BEDH . ) o
TTTTTTTTTTT160 WRITE(35110)8BEDH
Lt =0 i B )
e 2T
I = 0 e o o
T IR = 0O
_._,I Z_ ,: 1 [P — e = < o b e — - e o —

CAUL LINK(PRTWY

165 FORMATI(' TYPE THE NEW PACKING TYPE NUMBER IN 1 1 FORMATYY

T 7T 170 FORMATLIL)
175 FCRMATLY IPKTP =%v412s/77) o )
B - 180 WRITE(1+10) '
WRITE(1515) . )
TTTWRITE(Ls165) T i :
READ(&+170)1PKTP o o
T ormm e TWRITE(3s175)IPKTP T T B )
N tL = 0 .
e e e e e e e
ID = 0 )
T e IR T=T 1 T T T e e
CALL LINK(PKTW]

190 FORMATIF63)

200 WRITE(I,185)

U195 FORMATL!' PAKST ='aF6.35VINCHESY/ /7Y

TTTREAD(6519CIPAKST
WRITE(3+195)1PAKSI
e e - Sl = o e e e e e
C = 4 )
O T _
IR = ©

TTCALLU LINK(PKTWY T

T T 210 FORMATI(F1IC0.2)

215 FORMAT (' WLF=',F10425' LBS¢/HR.")

T 220 WRITE(1:+205) T
CREAD(65210)wWLF
T T T T T U RRITE (352105 ) wLF
o LtL = ©
-~ g S e I
B iD= 0 i

IR
CALL LINK(PKTW)

5 . e e e e e e

225 FCRMAT(Y TYPT THE NEW GAS FLOW KATE

230 FORVATLY WOR='3F10e2s ' LBSe/tiRae '}

235 WRITE(1s225)

U185 FORMATCY TYPE THE NEW PACKING STZE IN F643 FORMAT ')

205 FORMAT (' TYPE THC NEW LI1QUID FLOW RATE IN F10.2 FORMAT')



- - . N _ b9
READ{63210)WGR
CWRITE(3,22014W0R
- LR e ' . , e
cC =6 :
T T - SR
IR = 0 ) ‘
oo CALL LINK(PxTw) ~ ~ 77T
- 240 FORMAT(' TYPE THE NEW COLUMN PRESSURE AND TEMPERATURE I[N F FORMAT!
T /s VIPRESSURE VA TEYRERATURE) L) 7T T e e
245 FCORMAT(1X:F842325971143)

TTTTITTTA50 FORMAT (Y NEW TEMP=t14Fllebas ! DEGREES KELVIN'///)
255 FORMATI(' PSIA='sF]1lebs' LB8S./50alNe'/)
‘260 WRITE(14+2401 ’ ) T ’ T ot omrm o e
READ(6s245)P5TATEVP2 ) :
TR ITEL3.255)P51A 0 T T - - - T
WRITE(3,252)7EMP2

. b ity e ]
C = 7 . :_‘,. e e e e e e - J
- - “Ip 0 T oo
IR = 0 - S,
T T T T T CALL L INKU PR T YYD T . Tt T o
_265 CALL EXIT o e B . o
ND



| ~ | 50
S QT e i e S e e e s
- SUBROUT INETRAN

] COW‘"O"ICRiICP’ID'{'ITI‘,ITlsITZ’IP?Ou’\an’CASt_SH\PAuE.qI»w’xDQIPEQC[)'IQ
1TEPS ICNST s IREARSKX{1) sMX(20} +s0CD(31 s ISEQINCASEsNX{10) $EFQUTEF
TUTRTTTTTTTT U2 INSTOL s FLVEBE2) kNN T T T T o ' T v a h
COMMONTITLE{18) sVNAME(3J) +3UMY ({301 +5D(30}) +X{(30) sR(30+30)
LTI COMMONHIGHE3D) sHLOW(30) 9MF(5043)
o Xt ALOGEX (1))
TXU2) = CALOGIX(2YY T T T T e
X3} X{1)y = % 2 ]
X4y X(1) # % 3 ~ T T Tm el
RE TURN

o onon

o
_—— e - - - - - e —_ e o e J— U SR - - - -
- - - - et e e e e o e et i e e i et o i e -
.




T

. ™
e e i e
DIMENSIONXCCL(13) +XLN{I3) sYLMN(13} sYCOL{13)
T T T T T R ORMAT (GF b e 2y GF G g 1) T T T T T T e T e e s
10 FORMATUIH sF745410XK4F64e2)
T T T 5T FORMAT (140 s PCHART OF VALUES T FOR TGRAPHING FLOODING LINETY o
20 FORMAT(1HO 91X 'YCOL' 11Xy 'XCOLY)
i e D (2351 X0k ol NSO
WRITE(3+15)
T TR TR (3,20 T i B T
DO 25 I=1,13 ,
T TUXLNCDY = ALCSUXCCULIY)y T T I e e e
o YUNCT) = = 3,827927 = 1.080819 % XLN(I) =~ 41176425 % XULN(I) % * 2

YCOL{IY = EXS(YLWNII)}
25 WRITE(3510)YIOLUI),XCOLLT)
CALL EXIT T




“ 52
) // XEQ o
SUBROUTINEJUDI ] .
DIMENSIONB(3) 4D(8) SLi8) SDPRES(ILY - i
COMMOND JAM s BEDH s IPK TP 4 PALST s C o Ds L ¢ DPRES s RHOG e RHUOL s WwLF s WGRSVISCL PSS
T >1IA’IFOA‘1’G“’PDI’X’Y’ a P ERTL gt F o XLN»NU s INSDPHZO s VA Bs ORI 3 TABCS
. 2’IBEDH‘RHOQA'AREA'CPS;A'N,SI{gt,pﬁﬂ_m” - ]

"5 IF (PERFL -
10 KI = KI + 1
TGOT0(155209253304935,4045
15 Y = EXP{ - .6249128E01 -

20e¢) 1097070

535095556008 K1

«6162116E00 * XLN = +1397602E00 *

KLN * %

TTTTTTTTTT T 12 = 412085228 ~ 01 % XLN % % 30 o
GOTO 65
TETTTTTITTTTTTTT 20 Y = EXPU = 5872896501 =T .7226284E00 % TXUNT= T 1429932800 # XLMN ® %
42 — +1049381lE - 01 # XLRN ¥ % 3)
GOTO0 65 T o - TTrmmmmr T
25 Y = EXP{ = 454835292E01 - .7693485E00 * XLN = 41346535E00 % XLN % *
TTTTTTTTIIITITTTTT2 — e T92T142E ~ D2 % OXULN ¥ % 3) oo o o
GOTO 65 ‘ .
T T30 Y = EXP( ~ 5265190501 ~ 4B8076304FE00 % XLN =~ L1366381E00 % XL # #
12 = «7560742E = 02 # XLN % ¥ 3)
teoto ee SRt L e
35 Y = EXP( - «4935951E01 =~ .8675696E00 * XLN - +1522480E00 % NLj * *
Tt 12 ~ 21380948 - oz‘* XLN s % 3y 7 T mm - C
GOTO 65
TUTTTTTT 40 Y = EXPL - W45 zazaz 01 =7¢9174872EC0 * XLA — 41861755500 * XLn * *
12 = ¢1339159% - 01 % Xin ® ¥ 3) o o
. e T s T At S A O
45 Y = EXP{ =~ «4326525E01 s 93L2685E00 ® XLN - .182080 E00 * ALN * %
T 12 = W11220%1E - 01 % XLN % % 3) ’ B
GOTO 65 : -
TTTTTTTTTTTTT50 Y = EXPU o~ «4168572E01 ~ 41007839801 ® XLN ~ 42231154E00 % XLnN %
ﬁ 12 = 18581405 = 01 * XLM ¥ % 3) ‘ o -
A T BE e T e B s i e -
55 Y = EXP{ = «40240600E01 - 9219031500 * XLN ~.41583744E00 % ALN * *

12 = «S222639E = 02 * XLN #*
GOTO 55 ,
60 Y = EXP( - +3988

12 = «7954698E -

* 3}

LI6ECT = <9940904E00 % XLN -

02 ®* XLN ¥ % 3)

« 15733556060 *

(Y ® RHOG * R:OL * GCO) /7 PST *

65 G = 30RT( (F =
* 100e

PERFL = (G / GF)

TVIsclUTE kUMY

co10 5 e e e
_ 70 RETURN e



TTUTgy XEQSD T T oo ] : T T T e e L
- SUBROUT INEMIKE
"DIMENSIONRBI3) D(8) sLt6&) HZDOPRES{I1Y
COMMONDIAMBEDH s IPKTP ¢ PAKST o C oD L sy CHRESsRHOGsRHUL o WLF s WwGR ¢ VISCLWPS
1IASIFOAMIGCIPS s X s Y9Gy PERFL sUMsF s XLoisnDs INSOPH20sVeAsBsNURD L s TABCS
25 IBEDH»RHOGA s AREA S CPSTASX s T3 GFH0F
LTI 8 TIF (PERFL - 50.) 704104510 T
o 10 XLN = ALOG(X)
e R a e
GOTO(15¢20525530535+4403455509554601) 3K : :
15 Y = EXPl =~ ¢3988495E01 ~ 49960904500 #* XLN =~ 41573345E00 % XLN * #
12 =~ 79546985 -~ 02 % XLN % % 3)
- E0T0 65 RO L R e
20, Y = EXP{ = «4024600E01 - «$219081E500 #* XLN = o1583744E00 % XLN %
T T2 e e 9222635E = 02 % OXLN F x 3) o T Tme T
GOTO 65 :
T257Y = EXP( ~ «4168572E01 ¢ 100783GECT * XLN = 42221154E00 % XL % %
12 = «185B1G0FE -~ 01 % XLN % % 3)
6010 6n R s e
30 Y = EXP( =~ +4326525E01 ~ 49312685550 % XLN —~ 21820800£00 % XL * %
I “____"""12' - .113'20915 R 'Ol ) *“XLN A ',:.“‘3')'-"”" TUToTTTmT oI T A m T nm o e e
’ GOTD 65

%
*

1

T T35 ¥ = EXP( = 24624282501 ~ #9174E72500 ¥ XLN ~ 1861755800 % XLN ¥ ¥
12 = «1339159E — 01 % XLN % * 3)
e T GOTO 65 T T T .
40 Y = EXP( —~ «4935551F01 — 428675596500 % ALN = «1522480E00 % XL % *
TTTTTTTTTIUTITTTT12 =~ 4 9138094F ~ 02 % XLM ¥ % 3y T o Tt mn
GOT0 65
45 Y = EXD{ ~ 45265190E01 =~ «8076304ED0 % XLN =~ o1366381E00 % XLN % %
12 ~ WT560742E ~ 02 * XLN ¥ % 3)
e ! TR T T e
50 Y = EXP( = 5485292501 = o7693485E00 % XLN = +1345535E00 # XLN # %
T T e ‘1'2’- ".79271425 - 02 %’XLN'57%"'%-”3‘)""“"“ o ToTTmmmmTmonmn e I
GOTO 65 o
TTITTTTTTTU B Y = EXP{ - 65872896EQ1 ~ .72262B4F0C % XLN - 41429932500 % XLN % ¥
o 12 ~ 10493815 -~ Q1 % XLN % % 3}

GOTO 65 4 v
60 Y = EXP( - ¢6249128E01 - +61621106E00 * XLN = #1397602£00 % XLN # %

712 -~ 412085228 ~ 01 % XLN ® ® 3)
65 G = SQRT( (Y * RHOG » RHOL * GC) / (F * PSI % VISCL * % UM))_

PERFL = (G / GF) #* 100. o
p— [ GO T'O 5 e e ot 4 = % - R A armma——n A =4 4 s — A PR [ — o ma——— et = -
o 70 RETURMN



sl
g T T S .
. DIMENSION DATA1(3) L . o
‘DEFINE FILE 11 (B36sUsiJl - T
DO 5 I=1,8 : - o
TTTTTTTTTTTT T U READA 29100 )DATAL T T Tt T T -
100 FORMAT(3FS.0)
TTUTTTTITTTTT U WRITECLLY DIDATAL T T - T T T
B 5 CONTINUE
CALL EXIT 7 - T T
END
g e _ e e e e o
*FILES{11+SINTC)
i o O e e
330, 330. 330.
TTTTTTTTTTTT200. 200s 2026 o e
130, 135. 145.
T T Bty 91le 98, e o T rrm e T
" 39, 49, 52.
- TTaY,  34¢ 40 T - Tomome e T T -
20 20e¢ 22
T/47J0B ST T o B - T ) i
// DUP
TTTTTTTTRSTOREDATA WS UA T SINTP T T T oo e
/7 JCB :
- S Fom . e s .
*#JOCS{CARD s TYPEWRITERS1132PRINTERDISK )
TTTTTTTTTTRONE WORD INTEGERS T e T o i
= DIMENSION DATA2(3)
TTTTTTTTTTTTTITUTIDEFINE OFILE 12 (BebeusJIT T B - ToT T e
DO 5 I=1.8
T T T READ( 29 100)DATAZ TTrTm T e o T -
| 100 FORMAT(375.0)
T WRITE(12'TIDATAZ T e e o ’
5 CONTINUE i
T T CALLTEXIT T T T T T T T e
END
Ty A . L e . T _
. XFILES(12,SINTP)
; T 06 06 De T T T T T e e i
O, Os Os
e - e e e,
e Ovo Oe Qs
; « 32 32+ 324 o ) T T
Qs Oe Coe
| 2le 21e 21 i e e T
Y4 1lb4as 1l ’
oo 7308 e . .
: /7 DuP
) ) ¥STOREDATA WS UA RSRC YT T e e - - -
_ 7/ Jon
e - Fon e e I L
¥JOCSICARD Y TYPEWRITER1132PRINTERSDI SK )
T % ONE WORD INTEGERS ‘ T T T I I T e S e e



- — e v ———t e ———— —_————— SISOV '\ *
. DIMEMSION DATA3(3)
‘ DEFINE FILE 13 (B36sUyIK])
... DO 5 I=128 o
READ(2s1003DATA3 o T
. 100 FORMAT(32F5.01
CZ WRITE(13'13DATA3 T T T mmm e
' 5 CONTINUE
T T CALL EXIT
o END
e e e T e e e e
*FILES{13,RSRC)
T 1600.1600,15600. T T T T T T e T
‘ 1000.100041000.
T80, 580l 580. 0 TTTTTTTTTTTTTOTTTOTT T T T T T
210+ 255« 255
T 771206 1554 160 ” . ToTTmem T
65¢ 95¢ 95
T T80 654 654 T T T e e e
37. 37e¢ 37s
T 77308 T T T e e
// DuP : .
TR g TOREDATA WS UA RSRMeT 1T T i T
_ //_ JOB
e S R S
o % JOCS(CARD» TYPEWRITERS1132PRINTERDISK)
o - ®*ONE WORD INTEGERS o o ommm
»mewnm_uw;gig;vDIMENSION DATAL(3)
’ DEFINE FILE 14 (8s6sUsx1)y T
e DO 5 I=1+8
READ(2+1001IDATAL -
o 100 FORMATI(3F5.0)
T WRITEC14f1IDATAL T B
. 5 CONTINUE
TCALL EXIT 0 o TrmrmmmmoTmmmmmm e e T
- END
G e e e
) KFILESL14,RS5RM6)
T A »0. O' OO o T Trm o T T o
Qs Oe Qs
H Y « O PO T B TTTTo T
220, 220¢ 220,
T e 1226 144 T T -
_ 43, 65, 85
U - S A J T
s 32+ 32¢ 32 .
/408 T T T e e e e o
o /7 DuP
#STOREDATA WS UA RSRM3 ~ 7y 77— - e
/7 J08
e B S e e
X ]OCSLCARD s TYPEWRITERs1132PRINTER DI SK)
T " #ONL wWORD INTEGERS A oo ' ) o



S 56
e e e CALL EXIT" - e e e = L2
’ i END
TTTTTTTTTTTTIXEQ Ty T TTTm T
, XFILES(19sL)
et I — S e e e
&
o & e R — S _ - -
8
R U i —_— _
12
= g0B e e e e e e e e
/7 DUP
T #STOREDATA WS TUAT DPRESTT T
/7 JOB
e EOR e e e e e e e e
‘ X¥JOCSICARDSTYPEWRITERS1132PRINTER D] SK)
TTTTTTTT T "#0ONE WORD OINTEGEIRS T ‘ T T - N
DEFINE FILE 20 (11e2¢UsNI}
D0 5 I=1,11 ot T e
READ{2+1001DATAQ
o 7100 FORMAT(FS.2) e e o o -
WRITE{20'1)DATAQ
"7 CONTINUE ' T T T T e
CALL EXIT

"END
1/ XEQ 1 o -
#FILES(20,DPRES) 0 ' ormm T e

o «05 :
8 05 L R U
ol
e %1 e o o
..e25 e
2 OO
e50 o
e 20 e . e
100
- -y 00 U e
R 2200 e e e



DIMENSION DATA5(3)
TTTTDEFINE FILE 15 (836sUsIKY T
o DO 5 I=14+8
READ(23s100)IDATAS THTT T T T I
100 FORMAT(3F540)’
WRITE(15!'11DATAS [ T
o 5 CONTINUE .
B T CALL EXIT R
o o ERD '
v 77 XEQ L e e e . -
 *FILES(15sRS5RM3)
o. o, 0. e e e e e e e .
N 3906 350e 390, _
- TT7300. 300. 300. 7 T - B
1706 1706 170
o T77115. 115, 115. i T T ) - o
E Qe Qe Oe : - ) -
. TP o o e e e .
o Oe Oe
- Y VN e ):! T TUoTTT T i
/7 DUP ; :
) TxSTOREDATA WS  UA “PALRP 7 17T ) B - T ) )
/7 JoB
e YRR e [ SR
*IOCS(CAPDqTYD:“?ITEQ;IXBZPRINTER;DTSK)
: o *ON._ WORD INTEGERS T o
DIMENSION DATAS(3)
T DEFINE FILS 16 (Bs6sUskIi) 7~ 777 T
DO 5 I=148
: READI(2,100)DATAs 77T 7 - T T T T T T e
100 FOXMAT(3F540)
T U U T WRITE( L6V T ) DATAG B T - o
¢ 5 CONTINUE
TUTTTOTTTIUTT U CALL EXIT T T rmmm e e e
END
*”“’”““"“7/ XEQ  TTTUUTTTX T
XFILES(154PALRP) o ]
e o 5. R - S S
N O Oe O B - e S o o
T 97 97 97 T
O O, Oe
TTUTTTTTTTTTTT 82T T 526 526 R ) o
s - 32 32, 32 ) o o
T 254 256 25 o o T ;
P— e s e ea m e e o.. O'.. .. O‘A - rmar e - — U ) ————— - - - - .
Y 7 2 T 1 S - -
. /7 DUP ) L "
TTTUTOTTUUTU%gTOREDRATA WS UA paLrM T T -
7/ JOB L - B
B - o e
$JOCSICARD s TYPEWRITERS11I32PRINTER»DISK)
TTUTTTTTTTT R ONE WOKRD INTEGERS o T T T S e -
DIMENSION DATAT7(3) - o S ]
T DEFINE FILE 17 (8s60UsMy 7 7 )



R .. e - R _: e e = e , e o

T b5 1=148
READ(Z2s1C01DATAY

WRITE(LI7'1IDATAT
T8 CONTINUE R
CALL EXIT
s g v
/7 XEQ 1 : o
TEFILES(1T7sPALRMY T ‘ , - - T -
O Oe Ca '
- U. o O’ O * T
0 L 00 0 ¢ . .- e = et m e s ma i e e e e e — — . —_— - PR
“70e T0e 70 o o o o ) S -
4244 520 52

[P SRR g6 GOV S

31lse 36a 28s o T T
206 25 25 e ]
‘ O Oe O.

A7 Jos S ' I - B
/7 bup -
*STOREDATA WS UA D 1

/7 JOB .
// FOR : ; S .
i T xJOCSICARDSTYPEWRITERS1132PRINTERWDISK)Y 77 o
#ONE WORD INTEGERS ) o e
T U DEFINE OFILE 18 (8s2sUsMLY T T T )
DO 5 I=1s8 . -
ThmTT T TREAD(2+100)DATAS T T T T T s T e e
100 FORMAT(F6.3) ‘ o o )

TWRITEt1S8t1)DATAS

5 CONTINUE ‘

“CALL EXITT T - o e
END .

e G R Bl . S
*FILES(184D)

e = o35 e e e e e e
a375 ’ o
-5 e . - — .
e 75 ' i -
S e e e e e e e e e e e :
145 ~ ~ o e
e 2e e e e S _ _
o 3e o L e o

*#STOREDATA WS UA L T Ty T T T T T e e
/7 JOB
e S
®IOCSICARD s TYPEWRITER+1132PRINTER DI SK)
TEONE WORD INTEGERS o S
DEFINE FILE

19 (6s1sUsyMN)

. CRe 5 Tetve SO
~ READ(25100)NDATS e
TTTTTT UTTTTI00 FORMATUIZ) R o T :
O WRITELIONIINDATY B o
N U5 CONTINUE T - o

T100 FORMAT{3F540) ' ’ - - T



Sample Problem

Given:

For this case the optimum design was calculated.

each of the following changes in degign criteria

Gas Flow Rate

Liquid Flow Rate

it

20,000 #/nr.
10,000 #/hr.

1l

Gas Density = 0,01 #/ftB.

Liquid Density = 62.4 #/ftB

Liquid Viscosity = 1.0 Cp

Column Pressure

Il

14.7 psia

Temperature = BOOOK

column characteristics were simulated,

Change 1in diameter

Change
Change
Change
Change
Change

Change

in
in
in
in
in

in

ted height
packing type
packing size
ligquid flow rate
gas flow rate

column temperature and pressure

59
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IGN INFORMATION FUR PACK:

T TUHYDRAULIC CONSIDERATIONS

ST TULIQUID FLOW T RATET T TTET2000000077 POUNDS PER THOUR T
e ITTT oIS GAS FLOW RATE = 10000.00 * ~POUNDS PER HOUR e
GAS DENSITY - z 020100 POUNDS™ PER™CUBIC FOOT ™ 7 " ===~
| TTTTUTTTUSTSLIQUID DENSITY T TETTITE2040° TUPOUNDS PER CUBIC FOOT -
e ~LIQUID VISCOSITY ~ = =" 1200 " “CENTIPOISE = - ~== —=—=====
~— - COLUMM PRESSURE " —— =~ —= 1457000 PSIA =~ -
e TEMPERATURE et 3007007 TUDEGREES KELVIN T T oo ae
e e NON—FOAMING SYSTEM e o e
TYPE OF PACKIN | METAL PALL RINGS -
L10UID FLOW RATE = 20000.00 Pou.y_qs_vpgR HOUR -
) ~ GASA FLOW RATE = 10000400  POUNDS PER HOUR B
GAS DENSITY = 040100 POUNDS PER CU3IC FOOT
LIQUID DENSITY = 62.40 POUNDS PER CUBIC FOOT
';:—- LIQUID vzscqszw = 1.00 CENTiPOISE
_COLUMN PRESSURE = 14470C0 PSIA
 TEMPERATURE = 300400  DEGREES KELVIN
S _P_A_C»KL\G s1ze = 2,00 INCHES o
o COLuMN PIAvMETER = 4 FEET O INCHES
L BED HEIGHT BASED ON = 20,00  FEET )

'_: ''''''''''''''''''' GAS DENSITY TRy 0100 POUNDS  PER CUBICTFOOT T T
- T “PRESSURE DROP FOR RECCOMMENDED BED HEIGHT T )
i IFEET éO?.?)? INCHLS O* HATER ) .
ZFEET 408262 INCHES OF WATER . i
R 3FEET L0OBe 764 INCHES OC vATLR o
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TUAFEET 4094264 INCHMES OF WATER T T S

SFEET ~""4094.763 ““INCHES™ OF WATER

TTTH6FEET T 4104260 TINCHES OF WATER - T

T ""f“"""?FEET ' 41064756 INCHES OF WATER 7 777mimmmimommms s mmn s o oo

BFEET 774114251 7INCHES "OF WATER ™ T
"f; TR T QR EET 411e744 TINCHES OF WATER &7 77 7 s e e s e e e

TTrmmmeescseee s S1QFEET 6124237 0 INCHES OF WATER S 7= = mirmme e s e

11FEET ~ 4124727 ~INCHES "OF "WATER " - S
S s} 2FEET 4136217 INCHES OF WATER oo

T sesmoe s 13EFEET 4134705 INCHES OF WATER U v mm e m e

“14FEET - 414,192 '"XNC‘HES_OF‘"WAT’ER T -t

T T TTTT1SFEET 4146677 5 INCHES OF WATER ~— 77w rommmmmms s oo

m

Tt T 16FEET ) “15116.1 INTHES OF WATER -7 o s T

T T ITFEET 4154644 TINCHES TOF WATER T B T

T T T T OI8FEET T 41660126 7 INCHES OF WATER ST e T o

T T T T TI9FEE T T 4164606 INCHES OF WATER 777777 T e e e e

“TTOTAL BED PRESSURE DRO® THROUGH PACKING= ' Y.835  INCHES OF WATER

TTTITTTTTT T SUPERF ICTIAL VAPOR VELOCITY U ez ot 21,12 FEET/SEC

s - e e e e — _— S _
.

E - e - e e e e e -

}

z

20FECET 76174065 TINCHESTOF WATER T T e

PERCENT "OF FLOCDING " —— =& 8503 PERCENT = — 7=+ -



e e e S
DIAM = 445 FEET
. L10UID FLOW RATE _ = 20000.00  POUNDS PER HOUR -
GAS FLO¥ RATE = 10000.00  POUNDS PER HOUR _
" GAS DENSITY = 040100 POUNDS PER CUBIC FOOT |
LIQUID DENSITY = 62.40  POUNDS PER CUBIC FOOT
' ., LIQUID VISCOSITY = 1,00  CENTIPOISE
COLUMN PRESSURE = 1847000 PSIA e
~ TEMPERATURE 7 300,00 DEGREES KELVIN e
PACKING SIZE = 2,00  INCHES
COLUMN DIAMETER = 4 FEET 6 INCHES
BED HEIGHT BASED. OV = 20.00 FEET
-- © - "HYDRAULIC CONSIDERATIONS S - SRR
GAS DENSITY =~ ——-=————"0,07100 POUNDS PER CUBIC FOOT ~ "~~~ "~
-eime o = PRESSURE DROP FOR RECCOMMENDED BED HEIGHT = = =~ " ==
1FEET 407532 INCHES OF WATE&_M_W“,NM_ S
2FEET 4074313 INCHES OF WATER
3FEET 408,094 INCHES OF wAaTER
) ] 4FEET 4084374 INCHES OF WATER -
A SFEET 4084653 INCHES OF WATER
. GFEET  408.932 [INCHES OF WATER )
7FEET 4094211 INCHES OF WATER . - )
BFEET  409.489 INCHES OF WATER ~ o
SFEET  409.767 INCHES OF WATER
10FEET  410.044 INCHES OF WATER
| JIFEET 4104320 INCHES OF WATER
B C12FEET 410596 INCHES OF WATER
13FEET  £10.872 INCHES OF WATER
L4FEET 4114167 INCHES OF WATER
1SFEET  411.422 INCHES OF WATER ,




16FEET

17FEET
S ) BFEET

=t e s 1QFEET

=411 90

“20FEET -

L

741146967 TINCHES OF WATER

41242643 TINCHES "OF WATER 777777 . T o

4126516, INCHES OF "WATER ~— oo mmmm s somm s memmm s oo o

INCHES OF "WATER"

4124788 INCHES ~OF WA TER === = o oo -

= =-TQTAL BED PRESSURE 'DROP THROUGH PACKING= ~ 54537 " INCHES OF WATER

T SUYPERF IC

o

IAL VAPOR "VELOCITY

Soemmtermms =t 17,020 FEET/SEC,

PERCENT OF "FLOODING™ =TT5G 267 PERCENT T
S U, O
f'~“ R - s e ~ - R, e e — -



. . ) o
O SO e e e .
BEDH =3040 FEET o ~
LIQUID FEQ“;?%T?,___?W?QQQ?tOP,-,fQU“DS PER HOUR
GAS FLOW RATE = 1pooo.oo NQE_ggg HOUR -
N GAS DENSITY = 0.0100 POUNDS PER CUBIC FOOT o
o LIQUID DENSITY = s; 40 POUNDS PER CUBIC FoOT )
- LIQUID VISCOSITY = 1.00 CENTIPOISE
COLUMN PRESSURE = 1447000 PstA - ]
TEMPERATURE = 300,00 DEGREES KELVIN ]
PACKINQ SIZE = 2400 INCHES L
COLUMN DIAMETER = 4 FEET = 6 INCHES o B
BED HEIGHT BASEDR 0OV = 130400 FEET
- HYDRAULIC CCMNSIDERATIOSNHS T “f“m”“““"‘"f“”‘ ;
TUTTTT T TTUUGAS BENSITY TTTCUTTTTTETTTTTTOL.D 100 TRPOURD S TPER T CUBICT FOOT T T
CoTmoTs et s PRESSURY DROPFOR RECCDMMENDED BED HEIGHT & 7 777 mmmm s e e
(1FEET 407532 IKCHES OF WATER
2FEET 407813 INCHES OF WATER
A 3FEET 4084094 INCHES OF WATER
4FEET 4084374 INCHES OF WATER
5FEET 408+653 INCHES OF WATER
6FEET 4084932 INCHES OF WATER
TFEET 4094211 INCHES OF WATER
BFEET 4094489 I1HCHES OF WATER o
: 9FEET 4094767 INCHES OF WATER “
. 10FEET 4104044 INCHES OF WATER
]  11FEET 410320 INCHES OF WATER o B ' o
- . 12FEET 4104596  INCHES OF WATER ‘ ;
1_ ) 13FEET 4104872 INCHES OF wWATE o N
- 14FEET 4114147 INCHES oé-;AT R‘ _ -
. ISFEET  411.622 INCHES OF WATER - ‘ “



T T16FEET 4114696

“YTFEET

TTTITTTTTTTTI8FEET T 41264246377

TTUUU19FEET 4126516

"m_””";""—””“_QOFEEf“”"ﬁlZ-788"“

PO Y

T 21FEET 0 4134060

TT22FEET

413331

T T T T 23 FEET 7413460277

T 24FEET 413873

— T 25FEETT 4144143

e — QG FEET T 6144412 70

< 2TFEET 4144682

oo s C2BFEERET '414.95b

STTTTUT29FEET 4150213

o s e "30FEET 415486
e - TOT AL BED PRESSURE

TTH1)1e 9 70'"_';'

TINCHES

INCHES®
INCHES

INCHE S

INCHES™

INCHES

INCHES

INCHES™

INCHES

INCHES -

INCHES

INCHES

IMCHES

INCHES

DROP THROUGH PACKING=

TSUPERFICIALTVAPOR VELOCITY ™

OF WATER 7~~~ T T T B

OF "WATER" - -
OF WATER - T T
OF WATER ~ 7" "7 T e e

OF "WATER ™~ —

CF TWATER ~ 7 T e

OF "WATER ™ -7 "= === S
OF "WATER ~ 7 =7 T T e e
OF WATER ~- =7 =7 s e

OF WATER = 770 77w s s e

TWATER 7~

OF WATER = "7~ "~
OF WATER =~~~ SR -
OF  WATER "™~ R T

OF WATER 777~

842353 TIMNCHES OF WATER

ST T 16980 T FEET /SEC

T o PERCENT CF FLOUDING T oTTTT T = 7T53.91 PERCENT
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i ¢ e e e e e mam i e s oo . rim we e2 <t O e 2 < s 3 e e o < 23 | T s S i S = =k e e e e .~
IPKTP = 4 L
_ TYPE OF PACKING 1716 IN. wALL METAL RASCHIG RINGS
LIQUID FLOW RATE = 20000400  POUNDS PER HOUR
(GAS FLOS RATE = 10200,00 _ POUNDS PER HOUR
GAS oewsxrv = 0.0100 POUNDS PER CUSIC FUOT
- LIQUID DENSITY = 62440 POUADS PER CU3IC FOOT
LIQUID VISCOSITY = 100 CENTIPOISE o
_ COLuMN PRESSY ‘ = 1447000 PSIA B
TEMPERATURE = 300400 DtuP“ES KELV I
PACKING SIZE = _w"2f0q~~ﬂINCﬁE§~ o S
COLU“M DIAMETER = 4 FEET 6 INCHES
BED HEICGHT BASED O8N = 11470 FEET
R TTUHYDRAULIC CONSICERATIONS 7707 707w ssmss s e
TTTTRITT T TG AS DENSITY "”E““’“”O.OlOO“POQHDS’PER CUBIC FOOT
Tt PRESSURE DROP FCXURECCOMMENDED BED THETGHT ~  — m e
) ~ _IFEET 4084427 INCHES OF WATER
2FEET 4094593 INCHES OF WATER
. BFEET 410,749  INCHES OF WATER
’_”4 A 4FEET 4114895 INCHES OF wWATER
SFEET 4134032 INCHES OF WATER
6FEET 414,153 INCHES OF WATER
TREET 415,276  INCHES OF WATER
, | BFEET 4164354 INCHES OF WATER
) SFEET 417483 INCHES OF V;GATE;RMMW i o
o - IOFEET 4184573 INCHES OF WATER



T1IFEET T 419.654  INCHES OF wWATER

Rt ~—"TOTAL BED PRESSURE DROP THRCOUGH PACKING= 13475 7TINCHES OF WATER

R2FEET 4204725 TINCHES T OF WATER™™ - I

i — SUPERFICIAL VAPOR VELOCITY T RT T 66 44 FEET/SEC
PERCENT‘ OF FLCODING™ = 6FGBITTTPERCENT ~TTT T
4
3 - . o [ -



e e e e e o) —— e e .68
PAKSI = 24500 INCHES _;
© " LIOUID FLOW RATE = 20000,00 _ POUNDS PER HOUR ]
GAS FLOW RATE = 10000.00  POUNDS PER HOWR
, - GAS DENSITY = 040100 POUNDS PER CUBIC FOOT —
' (LIQUID DENSITY = 62440  POUNDS PER CUBIC FOOT
LIOUID VISCOSITY = 1,00  CENTIPOISE
COLUMN PRESSURE = 1447000 PSIA -
e .. TEMPERATURE = 399:90 mVQEG?EES KELVIN»_‘~~ -
PACKING SIZE = 2.50  INCHES
e _COLUMN PIA”ETER = 4 FEET 6 INCHES L __
BED HEIGHT 24SER ON = 11.70  FEET
- ““HYDRAULIC CONSIDERATIONS © = = — e -
T G AS DENSTTY S 00100 POUNDS PER CUBIC FOOT =
s - PRESSURE DROP FOR RECCOYMENDED BED HMEIGHT =~ o=
IFEET  407.638 INCHES OF WATER
2FEET 408,026 INCHES OF WATER
3FEET 4034610 INCHES OF WATER
4FEET 4034795 INCHES OF WATER
SFEET  409.179 INCHES OF WATER
EFEET 4094563 INCHES oF WATER
TFEET 4094945 INCHES OF WATER
BFEET 4104327 INCHES OF wWATER
SFEET 6104707 INCHES OF WATER
10FEET  411.087 INCHES OF WATER
11FEET ’ 41164567 I”Ch;S Or“K,’ATE;R»—m— S
' 12FEET  ¢11.845 INCHES OF wA%ER - »
TOTAL BED PRESSURE DROP THROUGH PACKING: 44594 INCHES OF WATER
) m5u§EéFxé1AL VAPOR VELOCITY - ’}”;”>17.1o' FEET/SEC. ”
PERCENT OF FLOODING o = 47.74  PERCENT



: WLEF=  22000+00 LBSs/HR,
T TTTTTTTUULIQUID FLOW RATE T = 22000.00 7 TPOUADS PERTHOUR T T mm o

Tt T TGAS FLOW RATE T T=T10000,007 TTPOUNDS PERTHOURT T T T

GASTDENSITY "™ = 0W0100 " POUNDS  PERTCUBICTFOOT 7777777

T I T T 1QUID DENSITY T =T TUTTT62440 TTTPOUNDS PER CUBIC FOOT T T T

W

oo s— L [QUID VISCOSITY CTTTTTLR00 T CENTIPOISE T s s e

&

COLUMN PRESSURE™ ™~ "=~ """"TI4¢7000 PSIA = B
oo s TTUo - TEMPERATURE T =T UU300400 0 TDEGREES KELVIN o mmomceme o

s PACKING .SIZE T T e T2, 00 TTINCHES T T T T e e

COLUYN "DIAMETER "~ "~= "5 FEET U INCHES™ =~ " 7 e

—— 13'700 - 7‘FEET - .7.4A. e - S e e e PR e

ONS

T T T BED HEIGET 2A

SES OM
HYDRAULIC CTONSIDIR

D=RAT

Dbt

GAS DENSITY = 00100 POUNDS PER CUBIVC FOOT

PRESSURE DROP FOR RECCOMMENDED BED HEIGHT

TmrmomTm e 1IFEET 4074915 INCHES OF WATER T e e

- Z2FEET 7 4086577 TTINCHESTOFTWATER - T - T
T T TTI3FEET 0 4094235 TUINCHES OF WATER TTTTTTTTTTTTTT e s

T UA4FEET 4094890 INCHES "OF WATER 77 ""'M“'W““"'""“"“""’“"" T

e SFEET = 4104552 "INCHESTOF WATER ™™ : e
TrmTme sem = GFEET 0 4114190 INCHEST OF TWATER™T T TTTemmm s i

T T ome s e FREET 411835 INCHES "OF "WATER ™7 777 7 7immmmm mmd e s s e

T BFEET U 41264777 TINCHES OF T WATER ™~ - e
s lieime S GFEET 4134116 INCHES OF WATER - mmmosimens e s
TTUUTTUUUUIO0FEET 41367520 INCHES OF WATER U TTom s s
e YFEET 6164385 INCHES OF WATE R o e e e
e © 12FEET  415.C14  INCHES OF WATER = o
Temees - I3EEET 4154641 INCHES OF WATER T e s e

T TOTAL BED PRESSURE DROP THROUGH PACKING= " B#4390 " INCHES OF wWATER

UTOTTTOSUPERFICIAL VAPCR VELDCITY 70 T U TU134.62 FEET/SEC.



n 70
PERCENT OF FLOODING = 57.52 PERCENT
&



: WGR=

= GAS FLOW RATE — T"=712000400 T POUNDS 'Paé HOUR == mme o
- T GAS DERSITY © =" 7TT =" -tU0,0100 TPOUNDS PER CUBIC FOOT T
TLTQUID DENSITY 7777 7=TTTTTEZV40T TTTPOUNDS PER TCUBIC FOOT T T T
—enoocemm T LIQUID VISCOSITY . “71,00 TTCENTIPOISE T e e
s e s COLUMN PRESSURE = T U 1447000 PSIA T T s
- T TEMPERATURE T "'“"_"=‘f"‘300';OO""*'DEGREES' KELVIN 7 o
T PACKING STZETTT = TTTTR2450 TTINCHES T T T T T T
T e TCOoLUMN DIA,‘-*,ET-ER = TLUFEET U776 INCHES e T
TTTTTTTTTTI T BED HEIGHT BASEDTON =TUTTT11L70 T OFEET T e
e, o HYDRAULIC CONMSIDERATIONS o
B GAS,DE’T\‘:SMITY ) . = Q_-Ol_O_C‘)WFfQU.’\L?S PE.’:Q CuBIC f-OOT
- _.... PRESSURE DROP FOR RECCOWMENDED BED HEIOHT -
T T 1FEET 407.885 INCHES OF WATER - -
Srmemmsmesmee s s e R EEET 4086517 INCHESTOF WATER T TR T
_'*'“"‘f“‘"‘“““"““““BFEET T 4034146 _‘I?\:CL%':;S‘OF"2~.'f;«TER‘""""‘"""""'_“”""“""’“""‘""‘ T
T e G FEET 409772 INCHIS OF WATER™ ~ 7777 T o
Smmmm T s e SEREETT 41063957 INCHEIS T OF WATER T T T
T T T T T G FEET T 4114016 "TINCHESTOF WATER -7 o0 T T T T T
See s eSS EEET 41166337 INCHES OF WATER T -
e e G EEE T 4124267 O INCHES TOF WATER T T T T
- e QEEE T T 41268597 TINCHES OF WATER T T T T T T T
LT TUTTI10FEET 4134468 ~ INCHES OF WATER ™~ Tt
B TTI1IFEET 414074  INCHZS OF WATER T -
: - 1 2FEETT ‘Qlle‘e677’""INCHES“‘OF"t-.:»\'TER' T T T T T e
TOTAL BED PRESSURE DROP THROUGH PACKING= 74426 INCHES OF WATER
: - SUPERFICIAL VAPOR VELOCITY -~ Teortte T 20427 FEET/SEC
S — PERCENT OF FLOODING [ =" T56466  PERCENT .

1200000 LBS«/HRe.

“LIQUID FLOW RATE ™ 7

"\._~_._—.R-_ e o ————— il e S ko —— "

71

= 22000600777 POUNDS T PER "HOUR ™




- e R S 72 .
 PSIA= 20,0000 LBS5./50+1Ns o -
o _ NEW TE¥P=  350.0000 DEGREES KELVIN
LIQUID FLOW RATE = 22000.00  POUNDS PER HOUR o
| | GAS FLOW RATE = 12000.00  POUNDS PER HOUR
A . GAS DENSITY = 0.0100 POUNDS PER CUBIC FOOT
I__IOUID DENSITY = 62440 POUN"DS PER CUBIC FOOT
. _ JLIOUID vIsSCOoSITY - = 130 CENTIPOISE e
COLUMN PRESSURE = 2040000 PSIA
TEMPERATURE = 350400 DEGREES KELVIN
, PACKING SIZE . = 2,50 INCHES
. Couuwx DIAMETER = & FEET 6 INCHES
_ BED HEIGHT S8ASED CN = 11.70 FEET
Ceseeees e RYDRAULIC CONSISERATIONS - 0 70 momoeen—
“GAS DENSITY TTETTTT 040116 POUNDS PER CUBIC FOOT -
e e e pRE S SURE DROP FOR RECCOMMENDTD BED HETGHT b e
- PmmlFE;T 5544578 INCHES OF wATCR
2FEET 5544925 INCHES OF WATER o S
B BFEET 555277 INCHES OF WATER . -
4FEET  555.625 [INCHES OF WATER o o
(SFEET  555.974  INCHES OF wWATER
6FEET 556_0322 ,IYNCH,E,S_AQ“F ~ATER_ L e
TFEET 5564669 INCHES OF WATER ]
L BFEET 557,015 INCHES OF WATER
i‘whh__ N 9FEET  557.361 INCHES OF WATER B )
:_  JOFEET 5574707  INCHES OF WATER - B
i o JIFEET  553.052  INCHES OF AATER _
- - “—.AlyFr[Tw ‘5‘,.;2.39; I,\Cms Or w/ATER ] )

TOT/‘«L BED PRE SSUHL JROP TH.QC)UUH PACKING= 46313 INCHES CF ‘T*JATU-(



. . S P .73
-
) - SUPERFICIAL VAPOR"AVEL_OCITY" T T TR 13,02 FEET/SEC. -
PERCEXT OF FLOODING 777 ETTEEW09 TTUPERCENT T
“
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Program Tanguage

The ianguage used for the ?rograms 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 1In 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 fterminal instead

of the keyboard.



212~425-6568

GE MARK 11 T/35 FRGOWM NEW JERSEY 005
TERMINAL 003 3N AT 14:06 Q3711770
USER NIMBER--TAJO3010.CENG

PROJECT 1D--91500

SYSTEM--FOR

NmW OR 2LD--0LD

ENTER FILE NAME-N4l

READY

KEY

READY
LISTNH

D1 xXLN#0A120%-.1208522E -0 1xXLN®k%3) .

00100%* ALLIED CHEMICAL CIORP ENGINEERING PRUGRAM N4y

03110 INTEGERASC

00120 DIMENSICNACRY HDCHY LLCAY HDPRESCI1D

00130 COMMON DIAMMEEDH S IPKTP,PAKSIHCsD» Ly NPRESIRHAIG,RHSL,VLF S
001408WGHVISCLLPS

VO15021Aa, IF3AMGCsPSI s XY s GarPoRFLIUMFIXLNND S INSOPHZ22,V5A58,
00160A4ANIRDIIASCS

001704, IBEDHRHIGALAREALCPSIALK>KIGFLOF»TEMP 1o TEMP2,L,8EDHT Y ONE
00182% LLs,IL,10

ADIV0ZIRS, 172,181,154 - .
00210 FILENAMR INC>OUT3,INI L INIZ2,INI3, INTAL INIS,INTIAL,INIT,INIES
DOR204IN19, IN20

V0230 TN =""NAISINTP S INI2 2" N4 SINTR?; INI3="NATRSRC " INTA="NALRSRM6":
OI2580&INIS=""N41252M3" 3 INTA="NA1PALERPTINTT=""Na1PALRM 3

032812 INIs="NA1D"

QU2602INTI=""NaTL s TN2O="Na1 0P Es  In2 =" TR OIT3 =

U270 URITECIN}T3,12

V0280 1 FO¥ATC ENTER V TJ CINTINUE CLD PROBLEM OR 2 TO RIN NEW'',
Q2902 /7))

JO300 READCINZ2,2)1S8S

QU310 2 FIRNMATYY

Q0320 IF (18S - 2% 10:,15,19 R

V0330 10 GITSCS5TI,600,120,5,290:,160,1460,45703,C0

00340 1S WRITZ(UIIT3.9)

[STORCT R Ist= 2 :

00342 1S4= 2 )

VO350 5 FORNMATC CURPIRATE ENGINEERING,ALLIEND CHEZWMICAL™, /" PRIGRAU
QU360 Nat DESTON INFIRMATLIIN FU2 PACKEZD TOWERS", OsFa/FaleSa
003704 TIMESHARE VERSIIN i RAVID IS NOV e 1989, /777 INSTRICTIONZS
QU380 /" ENT ALL DATA THIUGH AEYIUARD, /73

00390 WRITECTHIT35,3) .

003921 3 FOR-ATCY TYPL FOLLIWING IANPUT DATAI, /)

QO400 WIAITECIMIT3,287) )

004}l 987 FoORUATOY TY2E LINUID FLCY RATELLRS/ZHER™)

U402 READCINZ 2 WLE

00420 VRLITECSUT3, 42

Q0430 4 FORMATCY GAS FLOY RATE, LBS/ZHR ™2

A0 AA0 READCIND, 2 WUGER

00450 WRITECCUT3:A)

00460 6 FI2MaT(" GAS DEMSITY, LBS/CUFT )

VO A7) READCINZ2,2) RHGG

R
s



“00480 WRITECOUT,T7) 75

00490 7 FORMAT(' LIQUID DENSITY» LBS/CUFT ')

00500 READ (IN2,2) RHOL

00510 WRITECBUT3,82 _

00530 8 FRRMAT(" LIQUID VISCBSITY, CENTIPOISE ")

00540 READC(CINZ2,2) VISCL

00550 WRITE(OUT3.,9)

00560 9 FORMAT(™ COLUMN PRESSURE., PSIA" 2

00570 READCINZ,2) PSIA

00580 WRITE(SUT3,11)

00590 11 FORMAT(' TEMPERATURE, DEGK"™ 3

00690 READCINZ,2Z2) TEMPI

00610 WRITE(QUT3,12)

00620 12FORMAT(" ENTER 1| FOR FOAMING SYSTEM», OR 2 FOR NON-FGAMING ')
00630 READCINZ:2)> IFOAM

00640 WRITE(OUT3,13)

0065013 FORMAT(" ENTER PACKING TYPE -~ SEE MANUAL F@R CGDE ™)

00651 14 FORMAT(T7XsV) :

00660 READCINZ2,2) IPKTP

00670 CPSIA = PSIA

Q0680 30 FORMAT(*" FJAMING SYSTEM ')

00690 35 FORMAT (' NIN-FQAMING SYSTEM')

00700 40 FORMATC(*" THE BED HEIGHT IS GREATER THAN THE LIMIT OF 20
00710& FEET™./" NEW BED HEIGHT SHGGESTED.'/)

00730 45 FORMAT(" COLUMN CONDITIONS HAVE CAHISED FLOGONDING. THEREFORE
00740& INCREASE THE COLUMN DIAMETER OR PACKING SIZE'™)

00750 SO FORMAT('" THERE 1F NO PACKING FACTEOR LISTED FOR THIS PACKING
O0760&SIZE AND TYPE. THEREFORE TYPE IN A NEW SIZE OR TYPE.')

00770 55 FORMAT("THE PERCENT OF FLOGDING IS EQUAL TG OR GREATER THAN
00780& 100",/ NEW CILUMN DIAMETER SUGGESTED.'",/)

00810 DA 60 I=1.8

00820 60 READCINIZ,143DCI)D

00830 DI 65 J=1.46

Q0B40 65 READCINIS,14adL(J)

00850 DO 70 M=1,11

00860 70 READCINPO,14)0PRES(M)

00g70 IL = O
00880 IR = 0
00890 ID = O
00900 IZ =0

00910 1IF C(IFJAM) 80,80,75

00920 75 WRITE(JUT3,30)

00930 GOTI 120

00940 80 WRITEC3IT3,35)

00950 &5 FORMAT(//" TYPE OF PACKING CERAMIC JR CARBOUN INTALO
00960&X SADDLES' /)

00970 90 FORMAT(//" TYPE OF PACKING  PLASTIC INTALOX SADDLES"
00980& /)

00990 95 FBRMAT(//' TYPE OF PACKING  CERAMIC OR CARBGN RASCHI
01000&G RINGS™/)

01010 100 FORMAT(//" TYPE OF PACKING 1/16 IN. WALL METAL RASC
01020&HIG RINGS"/)

01030 105 FORMAT(//" TYPE OF PACKING 1732 IN. WALL METAL RASC
01040&HIG RINGS'"/)

01050 110 FORMAT(//" TYPE OF PACKING  PLASTIC PALL RINGS'™/)
01070 115 FORMAT(//" TYPE OF PACKING  METAL PALL RINGS™/)
01080 120 GOTO(125:130,135,140,145,150,155), IPKTP
01090 125 WRITECOUT3,HS5)

01100 A = 1

01110 GOTO 160

01120 130 WRITECOUT3,90)

01130 A = 2

01140 GOTD 160

01150 135 WRITECDIT3,95)

01160 A = 3



01170 G3TQ 160

01200 140 WRITECBAUT3,100)

01210 A = 4 .

01220 G2TA 160

Q1230 145 WRITE(BUT3,1053

01240 A = 35

01250 G3T23 160

01260 150 WRITEC(QUT3HL110)}

01270 A = 6 '

01280 G@TQ 160

01290 155 WRITE(QUT3»115)

Qt3Ga A = 7 ‘ :
01310 160 X=(WLF/WGRY % (RHOG/RHGBL) %% 5
01320 IF(X-«53165,165,170

Q1322 185 XLW=ALAG(X)

01325 Y=EXP(-.4168572E01~+100783FE01%XLLN~22311S4E00%XLN*%
0132642~«1858140E~01%XLN%%3)

01327 IABCS=3

01328 63 TO 185

01329 170 IF(X-3.75)2175,175,180
Q01330 175 XLN=ALJZGCX)>

01331 Y=EXP(~.4326525F01-29312685E00%ALN--1K820800E00+XLN®%*2
01332&~.1132021E -0 1 %XL.N*%3)

01333. IABCS=2

01334 G3 TO 185

01335 180 XLN=ALJIG(X)

01340 Y=EXP(~e4935951E01 ~+B6T569E00%XLN~-1522480E004xXLN¥k*2
013508 ~-.9138094E ~02%XLN*%3)

01360 IABCS = 1

01370 185 GC = «417E09

01380 YONE =Y

01390 PSI = 62.4/RHIL

01400 NIRDI = S

01405 DY 225 IFIL=1,NGRDI

01410 GOT3C1905195,200,205,210,215,220%2A
01420 190 READCINITIA14X(B(JY»J=1,53)
01430 G379 225

01440 195 READCINIZL14)C(BCIY»Jd=1,3>
01450 GITO 225

01460 200 READCINI3,142(B(JYsd=123)
01470 GOTO 225

01480 205 READCINI45142(B(J),»J=1232
01490 GUTI 225

01500 210 READCINIS,142(B(J)»J=153)
Q1510 GaTL 225

01520 215 READCINIAL14Y(B(J)»JI=1,3)
Q1530 GJITY 225

01540 220 READCINITA143(83¢J),J=1,32
01541 225 CONTINHE

01542 REWIND INIL1

01543 REWIND INI2

01544 REWINO INI3

01545 REWIND INlLa

01546 REWIND INL1S

01547 REVIND INIG

01548 REWIND INIT

01560 IF CIF-150.2230s230,235

01570 230 UM = i

01580 GITO 240

01590 233 UM = .2

01600 GOTC 240

01610 240 G = SORTCOYONEARHIGHRRHOL*GCY Z/(F*PSTAVISCLERIIMI)
01620 IF(IRI2A45,245,280

01630 245 VDIAM=S] «13*%(LGRAGI Rk S
01640 250 IFCIPKTP - 23255:,255,250

76



01650
01660
01670
Q1680
01690
1700
01710
011720
01730
01740
01750
01760
01770
01780
01790
01800

01810

01820
01830
01840
01850
01855
01860

01870

01880
01890
01900
01910
01920
01925
01930
01940
01950
01960
01970
01950
01990
02000
02010
02020
02030
02040
02650
020640
02061
02062
02063
02064
02065
02066
02067
02068
02070
020460
02090
02100
o21t10
02120
02130
02140
02150
02160
02170
021806
02190

255 PAKSZ=DIAM/15.

GATA 275

260 1FCIPKTP = 5)2654265,270
265 PAKSZ = D1AM/30.

GOT3 275

270 PAKSZ = DIAM/12.

275 PAKSI = PAKSZ*x12.

280 IF(PAKSI - 3.32290,285,285
285 PAKSI = 3.

NORDI = 8

GaTe 340

250 DO 295 I=1.,8

IF(PAKST - DCI))>300,300,295
295 CONTINUE

300 IF(IR3305,305.310

305 IFCID3315%:2315,310

310 D) = PAKSI

N3RDI = 1

G3TO 340

315 IF(I - 13320,320,325
320 PAKSI = .25

NORDI= I

GOTI 340

325 1F(1S4 - 23330.335,335
330 PAKSI=D(IJ

NIRDI=]

GITI 340

335 PAXSI = DCI -~ 1)

NORDI = (1 - 12

340 DI 380 IFIL=1,NORDI

GO TO(345:350,355,360,3652370,375%,4A

345 REAOCINILIL14)(BCU)»Jd=1,3)
GITO 350

350 KEADCINIZ2»143(800)»Jd51,3)
GIT3 3%0 )

355 READCINI3»143(B(JY»J=123)
GJITO 3¢

360 READCINIA4.142CB0J)Y>»Jd=123)
GoTY 38R0

365 READCINIS,1AXI(B(IY»J=143)
GJITO 3¥%0

370 READCINIALTAY(BCIY »J=143)
GJIT 2 34D

375 READCINI7,14X(BCJY»J=1:3)
350 CunNTINUE

REWIND INT1

REWIND IN12

ESWIND INT3

REWIND IN1A

REWIND INIS

REWIND IN16

REWIND INT7

F=3CIA0CS?

IF (F) 455,3K¥5,455

55 IF(CIRI39G,390,395

330 IFCIDY»A003,400,395

395 WRITE(DNIT3,50)
CHAIN"NAYOPT"

400 IF(A - T7Y405,435,405

405 IF(A -~ 62410,435,410

410 IF (A -~ 53415,440,415

415 IF(A - AXYAR0 430,420

420 ITF (A = 32425,430 425

425 FIF(AN -~ 23430,4355,439

430 IF(PAKST = 32445,450,450
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02200 435 IF(PAKSI = 2+3445,450,450

02210 440 IF(PAKSI = 14+3445,450.450

02220 445 1 = 1 + 1

02230 GOTG 330

02240 450 1 = 1 - 1}

02250 GOTE 330

02260 455 IF(F - 150.2460,460,465

02270 460 UM = <1 ’

02280 GOT@ 470

02290 465 UM = .2 :
02300 470 G=SQRT((Y*RHOG*RHOL*GCY>/(IF&PSI*VISCLA*UM))
02310 TF(IRY475,4755540

02320 475 IF(IDY480,480.,540

02330 480 IF(IStI = 2)495,485,485

02340 48S 1FCIS4 =~ 2)495,490,490

02350 490 DIAM = 1+13%(WEBR/GI*%.5

02360 '49S5 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=LCJY

02440 IF (IN = L(6))530,525,530

02450 515 IF (IN - 6£)520:520,525

02460 520 IN=6

02470 GOTA 530

02480 525 IN = 0

02490 NO = &D + 1

02500 530 DIAM=ND+(IN/I2)

02510 IFCIPKTP = 6353512540540

Q2520 53% IFCIPKTP ~ 33540,540,;545

02530 540 XLN = ALOG(X) ’ . ' .
02540 YF=EXP(~+3827927E01--1080819E01%XLN~e1176425E00*XLN*
02550&1%2++2296566E~02%XLIN*%%3)

02560 GOTO 550

G2570 545 XLN = ALOGCX)

02580 YF=EXP(~+39¥849AE01 ~e9940904E00%XLN--15S73365E00%XLNx*
025904%2~.7954698E ~02%XLN*%3)

025600 550 GF=SARTC(CYF*RHIGHRHILAGCIY /(F*PSI*VISCL*x%1JM))
02610 AREA=3.1416%CDIAM/2 ) %%2

02620 VF=GF/(3600 * RHOG)

02630 V=(UGR/3600 )/ (RHUG*AREA)

02640 PERFL=(V/VF)*100.

02650 K = 0O

02660 IF(1IDY5%5,555.,645

Q02670 555 IF(IFO0AM)IS65,565:560

02680 560 CALL MIKE

02690 GOTG 570

02700 565 KI = 0O

02710 CALL JUDI

02720 570 IFCIPKTP - 23575,575,580

02730 575 BEDH=6.%DIAM

02740 GOTO S95

02750 580 IFCIFKTE - 535%85,585,590

02760 585 BEDH = 2.6%DIAM

02770 G313 595

02780 590 BEOH=T.*DIAM

02790 G23TO $95

026800 $95 CONTINUE

02810 600 IBEDH=BEDH

0220 60% FORMATCO LINUID FLOW RATE =",F9.2,2X," POUNDS PER
V2621 &HTUR /7" GAS .
02830&FLUW RATE = LFF.2,2X," POUNRDS PER HOUR'™/Z/' GAS DENSITY'™.9X»
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79
028404 =",F11 .4, POUNDS PER CUBIC FOOT"//'" LIQUID DENSITY =",F9.2,
02850£2X," POUNDS PER CUBIC FOCT'™//" LIQUID VISCOSITY =",F%.2,2X,
02860&" CENTIPQOISE®//" COLUMN PRESSURE =, 11 .45 PSIAY//7” TEMPERATU
02870&RE =, F9.2,2X," DEGREES KELVINY“/)
02680 610 FORMAT(' PACKING SIZE = ,F9.2,2X," INCHES"//' COLUMN
02890&DIAMETER = ,0%X,13," FEET",2X,13,' INCHES"/)
02900 &15 F@RMAT( °**GAS DENSITY"9Xs"=", Fi1l.4," POUNDS PER CUBIC
02910&F 20T /7" PRESSURE DROP FOR RECCOMMENDED BED HEIGHT™/)
02920 620 FORMATC™ BED HEIGHT BASED BN "."=",F9.2,4X,"FEET" /"
02930&HYDRAULIC CONSIDERATIONS'/)
02940 625 FORMATC(IHO,"TOTAL BED PRESSURE DROP THRQUGH PACKING=",
02950&F 732X, INCHES GF WATER'™)
02960 630 FORMATCIHO,"SUPERFICIAL VAPOR VELOCITY",13X."=",2X,F5.2,
02970&2X,"FEET/SEC "2
02980 635 FORMATCIHO,"PERCENT OF FLOGBDING™,20X,"=",2XsF5.2,2X,"
02990&4PERCENT™)
03000,640 F2RMATC(IHD,13, "FEET",2X,F8.3s2X,"INCHES @F WATER'™)
03010 TEMP2 = TEMPI ‘
03020 645 WRITECOUT3,605)WLF,WGRL,RHOG,RHBLL,VISCLLPSIATEMP2
03030 WRITECOUT3,6103PAKSLANDSIN
03040 650 IF(1Z1655+655:665
03050 655 IF(BEDH =~ 20+)665:645,660
03060 680 BEDH = 20.
03070 665 WRITECQUT3,620)BEDH
03080 LL = 0
03090 670 IF(LLYERQ.680,675
03100 675 WRITEC(IUT3»A05)IWLF,WGR,RHOG,RHAL,VISCL,PSIALTEMP2
03110 WRITECJUT3,610)PAKSISNDSIN
03120 WRITECOUT3,620)BE0DH
03130 LL = O
03140 680 G=(WGR)/(DIAM/l «13)%%2
03150 AREA=3.14164(DIAM/2 ) %2
03160 6B5 SUNMSIPSIA/Z/14:.696Y%407 .14
03170 JD
03180 KL
03150 M = 0O
03200 NL
03210 ID
03220 IR =
03230 RHOGA = R
03240 TIP = PSIA
03250 BOTHP = PSIA
03260 690 NL = NL + 1}
03270 RHIUGA=RHOGA*(BITBR/CPSIAIX(TEMP 1 /TEMP2)
03280 IF(KL)>700,695,700
03290 495 WRITECCUT3,415)RHOGA
03300 KL = 1
03310 700 X=CWLF/WGR)I*(RHOGA/RHIL ) *% .5
03320 XLN = ALCG(X)D
03330 705 Y=(G**24F 4P SI#VISCL*#1]M) /(RHOGA*RHOL*GC)
03340 YX=EXP(-¢6249128E0)-«61A2116E00%XLN=+13974N2E00*XLN%
03350&%2~. 12085285 ~01 %ALN*%3)
03360 DIFF = Y-YX
03370 SDIFF = ABS(DIFF)
033380 710 M = M + 1
03390 IF(M - 1132715,715-815
03400 715 GOTO(720:725,7305735,740:745,750,755,760, 765,770 M
“03410 720 YX=EXP(~«6249128E01-+6142114500*%XLN=.1397602E00%XLN*
034208%2 -, 12N8S22E -0 1 #XLNk*3)
03430 GITL 775 .
03440 725 YX=EXP(-5HTPRIGEOL ~. 722628 AE00#XLN-.1 42993200« X1LN*
U3450&#2~41049381E~01 *xALN#%3) -
03460 GOTO 775
03470 730 YX= EXP(--SAHS?@&“DI'-7693485EOO*XLN-.1?46535EOO*XLN*
034B0L%2~.79271a2E~02+4XLN*3)

o on

o
o]

on

0
0
o]
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03490 GBTE 775

03500 T35 YX=EXP(~+5265190FE01--BOT6304E00%XLN~+1366381E00%XLN*
035108&%2~,T7560742E ~02%XLN#%x3)

03520 GATQ 775 '

03530 740 YX=EXP(~+4935951E01~867S696E004XLN-+152248B0E00%XLN*
03540&%2~+9138094E ~024XL.N*%3)

03550 GOTO 775

03560 745 YX= EXP(--4624282F01--9174872E00*XLN~.1861755E00*XLN*
035704%2«+1339159E -0 1 $XLN*%3)

03580 GOTQ 775

03590 750 YX= EXP(-.4326525501--9312685E00*XLN-.ISQOBOOEOO*XLN*
036008%2-e1132091E~01%XLN*%3)

03610 COTE 775

03620 755 YX=EXP(~.416857T2E01 -+ 1007839E01%XLN=2231154E00%XLN*
036308%2-+1858140E~-01 XLN**k3}

03640 GOYTO 775

03650, 760 YX~LXP<-.402A600FOI—-9?1908!EOO#XLN~-tSSB?AdFOO*XLN*
036604+2-.9222635E - O2%XLN**3)

03670 GOT@ 775

03680 765 YX=EXP(~.395B8496E01~+9940904FE00%XLN~«1573345E00%XLN%
03690&%2-+T954698E ~02«XLN*%3)

03700 GOTO 775

03710 770 YX=EXP(-.3827927E01~.10B0819E01%XLN-+1176425E00%XLN#*
Q3720&%2+.22965646E~02%XLN*%3)

03730 775 1F(JDIB1S5,780s810

03740 780 REM=Y-YX

03750 SREIM=ABS(REM)

03760 SDIFF = SREM

03770 IF(REMY790.,790,785

03780 785 DELTP = DPRES(M)

03790 GOTO 710

03800 790 IF(M - 13)710,795,800

03810 795 DELTP = DPRESCM)

03820 GUTO BIS

03830 800 1P = M - 1

03840 Jb = 1

03650 PYX = YX

03860 IF(IP)T795,795,805

03870 805 GO TO(T202725%,730,735,740,745,750,755,760s765,770251P

03880 810 ALPHA=(Y - YX)/(PYX-YX)

03890 DELTP=DPRES(M =~ 1J)+ALPHAX(PPRES(MI~DPRES(M - 13
03200 JD = - |

03910 GOTO 710

03920 815 IF(DELTP - 2.01)830,820:,820

03930 820 WRITE(OUT3,45)

03940 CHAIN “NaijorPT™

03950 825 WRITECCUT3,55)

03960 CHAIN "NaA13PT'

03970 B30 IFCIPKTP - 5)835.,835,840

03980 835 YF=EXP(~.3827927E01 -+1080&%19E0 1 *XLN~«1176A25E00 #XLN¥
03990&*%2+.2296566E~02%4XLN**3)

04000 GOTO 845 ‘
04010 840 Yr"_XD(*.398%A96EO}-.99&0904EOD*XLN~-IS?GBéSEOO*XLN*
04020&%2-+7954698 ~024XLLN*%3)

04030 845 GF=30RT((YF4RHOGA*RHIOLAGC I /(F4PSI*VISCL*%IM))
04040 V=(WGR/35600 .1 /(RHEGGA*AREA)

04050 PERFL=(G/GFI*100

04060 IF(PERFL - 100.35850,825,825

04070 850 SUM=SUM+DELTP

04080 WRITE(IUT3,6402NL,SUN

G4090 BOTBP=(SUM/407.142%14.696

04100 RHOGA=RHOIG*BITBP/CPSIA

04110 JO = 0O

04120 M = O

04130 IFCBEDH -~ NLIBSS,855,690
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04140 855 BEDPD = BOTBP - PSIA
04150 DPH2O0=BEDPD/14.696%40T7.14 _
D4160 WRITEC(GUT3,6253DPH20

04170 WRITEC(QUT3,6303V

041B0 WRITE(OUT3,635)PERFL

04190 860 FORMATCIHIL)

04200 VWRITEC(QUT3,860)

04210 B65 CHAIN "NAIGPT"

04215 STOP

04220 END

05000%

05010 SUBROUTINE MIKE

05020 INTEGER ALC

05030 DIMENSISN B(3),D(83,L(6),DPRES(11)
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05040 COMMON DIAMBEOH,IPKTP,PAKSILC,DsLsDPRES,RHOGSRHAL,,WLF,UGR,VISCL
0S050&,PS51ALIFCAMIGLIPST 2 XY s GsPERFL,UMIF 2 XLNsND» INsDPH2O,V,A,B,NORDI »

OSOéO&}ABCS:IBEDH:RHCGA:AREA»CPSIA;K:KI;GF»DF:TEMPIJTEMPE:BEDHI;YGNE:

05070&L1L,1L,1ID,IR-1Z,1IS1,154

05080 S IF(PERFL=-50.Y70-,10,10

05090 10 XLN=ALOG(X)

05100 K=K+l

05110 GO TO (15,20,25,30s35,40,45,50+55,60),K

05120 15 Y= EXP(~-3988496_01'-994O9OAEOO*XLN-01573365EDO*XLN**?
051308 -7954A9BE-02%xXLN*%3)

05140 G2 TJd 65

05150 20 Y=EXP(~=.4024600501~.9219081ECO*XLN-«1583744E00%XLN*%2
05160&--92226395 OD2*XLN*¥#*3)

05170 GO TO 65

25180 25 Y= EXP(-.416?579501—.1007839FOI*XLV--??31IJAEOO*XLN**?
05190&-+1685140E~01%XLN%%3)

05200 G3 TO 65

05210 30 Y=EXP(-.4326525% Ol*-9312655;00*&LN~.1820800F00*XLN**?
05220% -« 1132091 E-01 *XLN*¥x%3)

05230 GG TJ 65

05240 35 Y—LKJ(~o46)4)82?01'.917487?FOO*XLN—.18617SSEOO*KLN**2
05250&~-.1332159E~01*XLN*+3)

095260 GU TU 65

05270 40 Y=EXP(=«4935951201 -«8AT5626E00%XLN~«1522480E00*kXLN*%*2
05280&=~.9138094E~02% XL N*%3) .

05290 G2 T3 65

05300 45 v= E\R(~‘5265190501—.8076304FQO*ALN~~13663%1FOO*XLN**H
05310&-~.7560742E~ )Z*XLV**S)

05320 GO TO 65

05330 50 Y=EXP(-54%5292801-+7693485500%XLN-1344535E00&XLN¥*2
05340&-. 79271 42E ~02*XLN*%3)

05350 GO TO 65

05360 55 Y=EXP{~5872896E01~-.7226284E00+XLN-+-1429932E00%XLN%**2
053704 -.1049381E~01#XLN*%3)

05380 GO Ta 69 .

05390 60 Y=EXP(~eb6249128E-01-6162116E00¥XLN~+1397602E00%XLN**2
054004 ~.1208522E-01#XLNnk%x3)

05410 65 G=SURT((Y*RHIGHFRHCL¥GCI/(F¥PSI*VISCL¥¥1MI)

05420 PERFL=(G/GFIY+100.

05430 GG 10 5

05440 70 RETHRN

05450 END

‘D 6000 *

06010 SUBRJUTINE JuUl

06020 INTEGER A,C

06030 DIMENSISN B(3I-D(H2L(6),DPRESCID

06040 COMMON OIAM,BEOH, IFKTP»PAKSICD L sDPRES,RHIGRHILLULF>UGR,VISCL
OGOJO&JESIHII"‘J’\ L GCsPST XY GaPERFLAUMF SXLNSND S INIDPHRO AV ALBL,NDTR0DT,

OA0E0&IABCSH IBEOHIRHOGA 2 ARENSCPYSTIAM K KIS GFDF - TEMP T s TEMP2.BEOHL » YONE »

O6070&LLAILLLO,IRIIZS1I51 2150
06080 5 IF(PERFL-20310,70,70
NAG90 10 KI=KI+1



06100 G3 TO (15:20225+30+355,40,45:,50-55,602,KI1

06110 15 Y=EXP(~e6249128E01 -«6162116E00%XLN-21397602E00%XLN*%2
06120&-+1208522E-01 #XLN*#*3)

06130 GO TO 65

06140 20 Y= EXP(—.5872896E01—-7226284EOO*XLN—.1429932EOO*XLN**2
06150&~.1049381E-01#XLN%%3)

06160 GB TO 65

06170 25 Y=EXP(~eS5485292E01 ~+769348SE00*XLN~«1346535E00%«XLN*%2
06180&=-T7927142E~024XLN%%3)

06190 GO TOQ 65

06200 30 Y= Expt-.526519OE01-.80763OAEOO*XLN—.1366381E00*XLN**?
06210&~+7560742E-024XLN*%3)

06220 GO TO 65

06230 35 Y= EXP(-.4935951F01~.867Sé96€00*XLb-.ISZZABOEOO*XLN**Z
06240&-.9138094E 02*XLN**3)

06250 GO TO 65

06260 40 Y=EXP( 24624282501 ~«91T4872E00%XLN-¢186175SEQQ*XLN**2
062704~ +1339159E-01XLN*%3)

06280 GO TO 65

06290 45 Y= EXP(~‘43P65?JE01—.9312683VOO*XLN~.1820800EOO*XLN**?
06300&~+1132091E-01kXLN¥%3)

06310 GO TO 65

06320 50 Y= EXP(~-4§68S72L01~.l007839701*XLN~.?P3lSJAEOO*XLN**Q
063308418581 48E~01%XLN*%3)

06340 GB TO 65

06350 55 Y= EKP{w.dO?AéOOFOI~-9219081EOO*XLN-.1583744E004XLN**?
06360&~.9222639E-024XLN*%3) ‘

06370 G2 TG 65

06380 60 Y=EXP(~.3968496E01~e9940904E00+XLN~+«1573365SE00%XLN**2
063908 ~+7954698E ~02%XLN#%:3) '
06400 65 G=SORT{((Y*KRHOG*RHOL*GC)Y/(F%PSI*VISCL&*UMI)

06410 PERFL=CG/GF)Y*100.

06420 G@ TO 5

06430 70 RETURN

06440 END
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WHAT 2
BLD
"ENTER FILE NAME-NATOPT
_ READY
LISTNH

10000+ NA1OPT CONTIANS DOPTION BRANCHES FOR PROGRAM N4t

10010 INTEGE® AsC
10020 DIMENSIDN B033-.D0C(8),L{6,DPRESC(I1)

10030 COMMIN DIAMIHBYOH2IPHATP sPAKSILCa05LDPRES,,PHOG RHIL,WLF , WGR,VISCL.
lOO/IO&)PSIAJIF'J"\H:GCJT’SI:X:Y)G:i‘)E;(FL}Ux"?)fr::XLL\.‘)ND)IN»DPHQO}V;[\’g)‘.\o.u.DIJ
" 10050&1IABCS»IBEDHLNHGGALAREASCPSIAKKILGFDF L TEMP I TEMP2 ,BEDHL » YONE,
10060CLE 1L 5I0,1R>17Z,1315154

10080 FILENAME IN2,0YT3

10120 INe=" tFUT3 ="

10130 URITECOUTISSY

1014) S FulmATO" TYFE 1 T CHANGE COLUMN DIAMETER'™, /" TYPE 2 TJ CHANGE
101504 BEY HEIGHTY,/"™ TYPEZ 3 TC CHANGE TYPE OF PACKING ",/ TYPE 4 TO
P01604 CHANGE PACAING SIZEM,/' TYPE 5 TO CHANGE LINYID FLIW RATZ, /"
101702 TYPZ 6 T3 CHANGE GAS FLOY XATE", /" TYPZ 7 T CHAMGE TEMPERATIIRE
10180& AND PRESSUREZ",/™ TYPEZ 8 TI TERMUINATE PRIOGRANM,/7/7)

10190 READCINES1DIIJK

10200 10 FOREATOW)

10210 GO TOCW100,1155150,200,220,235,2A0,245),1.0%

10220 100 WRITECSIT3435)

10230 &5 FORHATCY TYSZ CCLUWMN DIAVITEDR. USE DECIAL PIINT" /D

10240 RWEADCINZ,1030T18:

10250 NO=DIAM

102450 FD=\D

10270 IN={QIAN-FDI®12.

10280 LL=1

10290 C=1

10300 13=0

10310 IR=0

10315 I51=1

10320 CHATIN ""N41™

10330 115 BEDHI =SE0H

10340 URITZC2)T3,105)

10350 105 FJOAHATCY TYPE RED HEIGHT. USZT A DECIMAL PIINT™,/)

10350 READCINZS10)8E0H

10370 IF(2ZDA-3ZDHIDI1AU2140,120

F0380 120 WRITECCHT3-35)

10390 35S FORVAT( THIZ AT HNEICHT PRDIP3S
04002, /7 ALLSYABLE BED HEICGHT. TYPE 1
JO4108 HIZIGHTY, /" TY2E 2 TU USE MAXINUM
104202 ¥AXLV /" BZ0 HEICGHT™ 2/

10430 READCINS,10) 10K

10440 GO TIC1AY214051592,10K

10450 140 gELH=2EDR]

10450 G2 TS 1540

10470 160 L.L.=0

10440 C=z

10493 10=0

10500 1R=0

10510 17=1

L0520 CHALIN "N4al®

YO530 155 WRITECCUT3,145)

SED IS GREATER THAN THE MAXININ
IF YO WISH TO USE THIS BED
BED HEIGHT. TYPE 3 T2 G3 BELOW



10540
10550
10560
10570
10580
10590&
106008
106108
106202
10630&
10640
10650
10660
10670
10680
10690
10700
10710
10720
10730
10740
10750
10760
10770
10780
10790
10800
10810
10820
10830
10840
10850
10860
10870
10880
10890
10500
10910
10920
10930
10940
10950
10960
10970
10980
10990
11000
11010
11020
11030
11040
11050
11060
11070

WHAT?
gL
ENTER
READY
LISTHNR
SERVIC
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145 FORMATCTYPE NEW BED HEIGHMT. USE A DECIMAL POINT™,/)
READCIN2,10IBEDH '

GO TO 160 "

180 WRITE(QUT3,11)

11 FORMATC( THE INTEGER CONSTNATS F@R THE PACKING TYPES ARE:!"./
* 1 CERAMIC OR CARBGON INTALGX SADDLES™,/" 2 PLASTIC INTALGX SADD
LESM", /" 3 CERAMIC OR CARBON RASCHIG RINGS™,/'" 4 1/16 1N WALL MET
AL RASCHIG RINGS™,/" S 1/32 IN WALL METAL RASCHIG RINGS™./" 6
PLASTIC PALL RINGS™,/" 7 METAL PALL RINGS',//" TYPE THE INTEGER
FOR THE DESIRED PACKING™,//)

READCIN2,10YIPKTP

LL=0

c=3

ID=0

IR=1

CHAIN N4l

200 WRITE(ZUT3s185)

185 FBRMAT(" TYPE PACKING SI1ZE. USE A DECIMAL PBINT",/)
READCINZ2,I10)PAKSI

LL=0

C=4

ID=1

IR=0

1Sa=1

CHAIN “"N41™

220 WRITE(DUT3,205) .

205 FORMATC(" TYPE LIGUID FLOW RATE. USE A DECIMAL POINT",/)
READCINS, 10D VILF

LL=0

c=5

1D =0

IR=0

CHAIN *"Nal™

235 WRITECOUT3,225)

225 FERMATC TYPE GAS FLOW RATE. USE A DECIMAL POINT",/3
READCINZ2,10IWGR

LL=0

C=6

1D=0

1R =0

CHAIN "Na1”

260 WRITE(QUT3I,240)

240 FORMAT('" TYPE COLUMN PRESSURE. USE A DECIMAL POINT",/)
READCINZ s 102PS1A

WRITE(OUT3,241)

241 FORMATC(' TYPE COLUMN TEMPERATURE. USE A DECIMAL PBINT,/)
READCINZ,1GYTEMP2 , :

LL=i

C=7

1D =0

IR=0

CHAIN ""Nal"

265 STOP

END

FILE NAME-NAISINTP

E TEMPORARILY INTERRUPTED. PLEASE CALL BACK iN-S MINITES »



212-425-6568

GE MARK II T/S FROM NEW JERSEY 00S
TERMINAL 007 ON AT 14:56 03/11/70
USER NUFZIR--TAJO3010.,CENG

PROJECT ID=--91500

SYSTEM--FOR

NEW OR OLD--ZLD

ENTER FILE NAME-N41SINTP

READY

KEY

. READY

LISTNH

10000 0220220
10010 330.5330.,330.
10020 200 .5200.2200.
10030 130+5135.,145.
10040 B2l 59 .
10050 395490552
109460 314234240
10070 205,20.222
gLo

CENTER FILE NAME-NATISINTR
READY

LISTNH
10000 0+50.,0.
IDL)IO O-)O-)Oo

10020 O-JO.JO«

10030 O0es0¢:00
10040 325324532
10059 Oes0e:00
10060 21!}210)210
10070 {14esldesldn
oLD

ENTER FILE NAME~N4TRSRC

READY

LISTN:
10000 1600« 1600.51600.
10010 1000 .51000.,,1000.
10020 B0 2550 «5580 .
10030 2104525545255,
10340 12051555160
10050 65+,95.595.
100460 S50e365,65

10070 L3737 2l



ENTER FILE NAME-NA1D
READY
LISTNH

10000 25
10010 375
10020 S5
10030 «75
10040 1.0
10050 1.5
10060 2.0
10070 3.0
Lo

ENTER FILE NAME-N41PALRP
READY

LISTNH

10000 0e2s0450-
10010 C+50.-0.
1002(} 970)97-197-
16030 S0 es0 20
10040 S52+552.552.
10050 324532.532.
10060 25¢225e3525
10070 0500500
OLS+~D

ENTER FILE NAME-NA4ALRSRMA
FILE NCT SAVED

READY
- GLD

ENTER FILE NAME~RSR

FILE NJT SAYED

READY

CLDD

ENTER FILE NANZ-NAIRSRM3
READY

LISTNH

10000 0.20:0.

10010 390.5390.5390.
1002) 300.,3030.,300.
10030 1732170.5170.
10040 115451155115,
10050 Oe504¢50.

10060 CesOeso
10070 Q500200

OLD

ENTER FILE NAME-N41PALRP
READY ~

LISTNH

10000 OesD.,50.
10010 Qes0e50.
10020 GT eV T 2297,
10030 GesO0s0.
10040 S524252.552.
10050 32¢2324,32
10069 . 2545254225

10070 O0+50450,

.
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agLn .
ENTER FILE NAME-NAIPALRM
READY

LISTNJAH

10000 Ges0..0.
100020 )

10010 Oes0450-
10020 0es0.,00
10030 TO 270 esT]o
10040 ) 42.;52:;52-
10050 312366528
10060 20 +125.225.
10070 Oess0es0
oLd

ENTER FILE NAME-NalIL

READY

LISTM«NH

10000
10C10
10030
10040
10053 0

10060 12

oLD

ENTER FILE NAMZI-N41DPRES
READY

LISTNH

- T DN

10900 05
10010 <07
10020 c10
10030 .15
10040 .25
10050 .35
10060 50
10070 .75
10010 1.0
10090 1.5
10100 2.0
BYE ,
0000 .33  CRiJ 0000 .20 TCH 0003.33 KC

J

OFF AT 15:083 063s11/70

~
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