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ABSTRACT

A study has been made of flow characteristics and mass
transfer in vertical slug flow under unstable flow conditions.
The systems studied were the absorption of hexane from differ-
ent carrier gases, nitrogen, helium and Freon-14, into light
and heavy paraffin oils.

Under all conditions flow patterns were found to be
complex and affected by mass transfer. In the absence of mass
transfer a characteristic chain like flow pattern was observed,
which was generally broken when mass transfer from the gas
phase to the liquid phase took place. Under these latter con-
ditions bullet shaped slugs were formed which tended to coalesce
as they rose up the absorber tube. The nose radius ro of these
slugs was found to be a function of tube diameter Dy, and the
liquid flow thickness §,. Due to coalescence, which depended
on the separation distances between slugs, frequencies, surface
areas and volumes were influenced by slug position and absorber
length as well as system and operating variables. The ratio of
the mean slug surface area and slug volume was correlated in
terms of the system and operating variables. Slug rise velo-
cities were correlated by an equation having the form Ug =
1.2 Uy, + Colg Dp.);s where C, was a function of fluid flow rates,
system properties and absorber geometry.

Absorption efficiencies Egp ranged from 0.79 to 0.99 and
were a function of operating and system variables as well as

absorber geometries. End effect mass transfer was found to
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account for a considerable portion of mass transfer taking
place, depending mainly on fluid rates, system properties and
absorber diameter. Plots of Egp versus absorber length or
contact time exhibited a distinct discontinuity with the heavy
paraffin oil. This discontinuity was found to be related to
the minimum observed in the slug frequency measurement. The
variation of slug size with absorber length H resulted in the
increase and decrease of mass transfer coefficient KogRe with
H for H less and greater than about 25 cm respectively. Over-
all mass transfer rates were primarily compared in terms of
the point Kgga and Kpga where a and a were the fractions of
slug surface area effective to mass transfer. Both .Kpga and
Koga increased with increase in gas flow rate, absorber dia-
meter and inlet gas phase concentration but generally decreased
with increase in liquid flow rate. The increase in liquid flow
rate was found to generally decrease slug separation distances
and hence liquid mixing between slugs which resulted in a
great reduction of mass transfer rates. Slug coalescence on
the other hand slightly increased mass transfer rates.

A comparison was made with the experimental ESEE and
theoretical Kpg evaluated on the basis of two resistance and
penetration theories. Approximate values of a were also calcu-
lated. The results indicated that the frontal area could be
the most effective mass transfer area of the slug. The depen-
dence of KSEE on primary variables namely : gas and liquid
phase diffusivities was also analysed. The mass transfer co-

efficients Kpga were compared with Kpgs kg and kj, values
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reported for mass transfer in single bubbles and in froths
and foams. From the results obtained it was concluded that
the contacting conditions in slug flow were more represen-
tative of contacting conditions in froths and foams than

have been found with single bubbles studies.
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I. INTRODUCTION

In vertical two phase flow, a number of flow patterns
have been observed. These patterns ranged from discrete bub-
bles rising up a tube to slug flow then to annular and mist
flow depending primarily on tube diameter and fluid flow rates.
Slug flow which is characterized by the consecutive passage
of bullet -shaped gas bubbles and liquid plugs has been the
subject of numerous investigations (1-9). These studies have
been primarily concerned with the prediction of pressure drops
and correlation of slug rise velocities. On the other hand,
the mass transfer aspects of the slug flow (10-13) have not
been widely studied and have dealt solely with the liquid
phase controlled mass transfer.

In vertical slug flow, the flow condition in which the
slugs are surrounded by thin liquid films can be considered
to be more characteristic of conditions existing in a froth
or foam than those found in single bubble studies. The pro-
blem of experimentally simulating mass transfer conditions
in a froth or foam is not easy and every experimental tech-
nique has had its own limitations. In the past, because of
the importance in industrial applications, extensive studies
of gas and liquid phase controlled mass transfer behaviour
in foams and froths had been made using pilot plant sized
equipment. These studies have been frequently complicated by
the interaction of system variables, design variables and
operating variables which have sometimes led to conflicting

results (14-19) eg., in some pilot plant studies on a single




tray, mass transfer taking place at formation has been repor-
ted to account for about 40-60 per cent of the total mass
transfer taking place (16,18) while in other studies (15,19),
no end effect was observed.

In order to simplify and reduce the effects of design
variables, mass transfer studies have been carried out in
laboratory sized equipment:., such as wetted wall columns and
bubble columns (20-22). In a wetted wall column, though, the
contacting condiﬁions do not really resemble those existing
in the plate column while in single bubble studies, formation
end-effect mass transfer has been found to be high and mass
transfer rates considerably greater than those in distillation
columns (20,21). A few studies have been made in laboratory
sized equipment: which attempted to simulate the performance
of a sieve plate (23-25), but high end-effect mass transfer
was also observed in these studies. In an attempt to overcome
some of these problems, Mah and Golding (12) carried out an
investigation to see if vertical slug flow characteristics
would be a useful method for studying mass transfer in a foam.
Initial work was undertakiemn to compare the mass transfer
rates in a bubble column, a slug flow absorber and under wet-
ted wall contacting conditions. Efficiencies measured for the
absorption of n-hexane from the nitrogen carrier gas into
dodecane indicated that mass transfer rates in vertical slug
flow were,in fact,considerably lower than those observed in
either a bubble column or under wetted wall contacting con-

ditions. The study was hampered ,though,by high end effect



mass transfer taking place probably during bubble formation.
Slug flow conditions were generally unstable, that is pairing
and coalescence of slugs took place.

Prelimary work was at first carried out to determine
whether the end-effect mass transfer which had handicapped
the previous study (12) could be reduced. Two procedures were
adopted, firstly the inlet section where the majority of the
end-effect mass transfer took place was modified on the basis
of apparatus used by Banerjee and Scott (26). Secondly more
viscous liquid media were used to further restrict slug move-
ment both during formation and while rising up the tube. The
end-effect mass transfer efficiencies were appreciably reduced
from 0.95 to 0.70 for the heavy paraffin oil.

The research has been divided into two distinct areas,
an investigation of general slug flow characteristics and
the mass transfer study. A study of flow characteristic be-
came necessary when it was realized that the slug flow con-
ditions were not fully developed. Consequently no correlation
was available in the literature for calculations of contact
time, mean frequencies and mean surface area required for
evaluation of experimental mass transfer coefficients, The
investigation was then undertaken to determine the effects
of operating variables, tube geometries and system variables
on flow characteristics, pressure drop, void fraction, slug
frequencies and slug coalescence, slug shape and size, slug
length and slug rise velocities.

The basic systems selected for this study were the ab-

sorption of hexane from inert carrier gases into hydrocarbon



oils. In order to vary liquid phase properties i.e. liquid
viscosity and diffusivity, heavy and light paraffin oils

and their mixtures-were:employed .as- the.liquid solvents.Gas
phase properties, density and diffusivity, were varied by
using different carrier gases namely helium, nitrogen and
Freon—-l4. This range in system properties could be expected
to give varying mass transfer resistances in the gas and
ligquid phases. Approximate calculations using the parameters
suggested by King (27,28) indicated that the percentage of
gas phase resistance would vary from 72.0 to 35.0 over the

range of physical properties employed.



ITI.PREVIOUS WORK

II-A. Characterization of Vertical Gas-Liquid Slug Flow

A-1. Introduction

In the past, studies have dealt with vertical slug flow
characteristics in both stagnant liquid (1,2,4,32,33) and in
two phase flow (3,5,6,9,36). The first investigation of rise
velocities was made by Dumitrescu (1) on single large bubbles
rising in a closed vertical tube in 1943 followed by those
of Davis and Taylor (2) in 1950. Since then numerous studies
(3,5,6,9,36) have been carried out on vertical two phase slug
flow to investigate slug characteristics such as slug rise
velocities, slug frequencies and slug size distribution. The
majority of these investigations have however been confined to
fully developed or stable flow when slug rise velocities and

frequencies are constant.

A-2. Slug Shape and Rise Velocity

2-a. Stagnant Liquid Investigations

Dumitrescu (1), Davis and Taylor (2) studied the rise of
a large gas bubble in closed vertical tube, the bubble being
formed by draining water from the bottom of the tube. Both
theory and experiment showed that the rise velocity of such

a bubble could be correlated by an equation of the form :

U, = Colg Dp);i (II-1)

where ; U, = rise velocity

g = acceleration due to gravity



Dp tube diameter

Co constant

U, was found to be independent of bubble length while
for negligible surface tension and liquid viscosity effects
Co was 0.35. Dumitrescu (1) also evaluated theoretically the
spherical nose radius r, of the slug and r, was féund to be
0.75R where R = Dp/2.0. Similiar results were reported by
Beek (11l) and Brown (32) who measured the nose radius using
photographic techniques.

For slugs rising through a stagnant liquid in an-open
vertical tube, Nicklin et al (5), Laird and Chisholm (4) ob-
served that the slug rise velocities depended on slug length.
This was shown to be the result of slug expansion which can
be normally neglected unless slugs are longer than 12 inches.
Slug shapes were found to be similiar to the Dumitrescu or
Taylor bubble with a spherical nose and cylindrical tail.

The rise velocity was also well predicted by equation (II-1)
even though the slug was followed by an observable wake. It

was then concluded that when &hé-expansion effect was negligible
Ué was the unique function of the frontal geometry of the

slug (4,32).

In more viscous liquids, slug rise velocities have been
found to be smaller than velocities predicted by equation
(II-1) (32-34). Brown (32), White and Beardmore (33) derived
two parameters to determine the relative importance of the
effects of liquid viscosity Uy and surface tension ¢ on U,. It

e o g 22 2. n 3y 2 5
was shown that if E_(1 go) >5.0 and (pp“g Dp /uL )>3.0x10°,



then these effects are negligible. £, and E, are GO/R and
P19 Rz/c respectively with 60 being the equilibrium liquid
film thickness at the trailing end of the slug. In addition,
Brown (32), in accounting for the liquid viscosity effect in

the annular film around the slug, showed that if 2R/Z4.5 X

/(pngT/uLz) >60.0, the assumption of potential liquid flow
around the slug nose region was still valid. On plotting
ri/(R-Go) and 2/(R—60) where r, was the slug radius and 2 .-
the vertical distance from the slug head, he found that in
the absence of surface tension-éffatts r ==00.75(R<§q) and

equation (II-1l) was modified as

Uy = 0.35/g.(D,-28,) (II-2)

When both the effects of U and ¢ were not negligible,
equations (II-1) and (II-2) were not directly applicable in
the predictions of slug rise velocities and Cg in equation
(II-1) was found to be less than 0.35. Goldsmith and Mason
(35) while measuring the velocity profiles in the liquid slugs
and viscous liquid films concluded qualitatively that Uy de-
creased with increase in o. The conclusion was further checked
and confirmed experimentally by Zukoski (34). White and Beard-
more (33) presented a graphical correlation of Cg which ranged
from 0.0 to 0.35 depending on the viscous, interfacial and
inertial effects on the rise velocity. Using integral material
and momentum balances, Strcet (36) also derived a general theo-
retical relation between the slug shape and rise velocity. The
equation was complicated and could not be solved analytically

without prior knowledge of slug shape.




When there was: more than one slug rising up the tube,
equation (II-1) has also been used under a limiting condition
as reported by Griffith and Moissis (29). In these cases when
the slug separation distances were greater or equal to a
critical distance such that the slugs were not effected by
wake. In inviscid liquids,this distance was found to be about
5.0Dp while less than 1.0Dp in viscous liquids. For smaller
separation distances, Griffith and Mossis (29)nfoundttha& the
trailing slug was affected by the wake, distortion of the
frontal surface took place and the slug accelerated. The two
slugs consequently paired and in some cases slug coalescence-

Lo

Uy = (Cg + 2.8 e ©) (g.D)7% (II-3)

took place. U, was given as

where Lp is the separation distance between the slugs.

2-b. In Two Phase Flow

In fully developed two phase flow, investigators (3,5,9)
have correlated the slug rise velocity data by the following

equation

3
Ug = CyUp, + Co(g Dp)* (II-4)

where U, is the rise velocity of the liquid plugs or the
total superficial velocity of the fluid flows. C; and C, are
parameters and generally appeared to be the functions of Uy,
and system properties.

In Griffith and Wallis's correlation (3), C; = 1.0 and

CO = 0.35C2 where~C2 is the funcgioh of UL‘ In Nicklin's



correlation (5), C, = 0.35 with C, being the function of Uj
and approached 1.2 at high liquid flow rates. Brown (9) fur-
ther demonstrated analytically the dependence of C; and Cgq

on Up in terms of the effects of Uy, and 60. The resulting

expression for U  was shown as

1 2 p g R? g3
UL 1-¢

Where £ = 8/R and § is the film thickness.

Street (36) also derived theoretically a general relation-
ship between the Reynolds number, Weber number, Froude number,
slug shape and size in the fully developed slug flows. Further
Akagawa and Sakaguchi (37) and Tatsnhiro Ueda (38) also pre-
sented empirical correlations similarr to equation (II-4) for

their fully developed slug rise velocity data.

A-3. Gas and Liguid Phase Velocity Profiles

_L. Figure 1. Schematic diagram

of a rising slug.

Street (36), in studying the slug shape and rise velo-
city, presented a theoretical equation for the liquid film
velocity profiles around the slug through the integral mass

and momentum balances :
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UL = ¥(n,2Zp) = q;8n? + ayBn® + qBn® (II-6)
where ; UD = URi/Us
n = Ri/R
_ 2
ZD = SLgc/Us
B = (ri/R)2
F {-2 (2-3B8)g,}
q, = N -2 + -38)q
1 1-28 3

1+(382-1)q,

1-28

12{ug(1-28) + (B-1/3-2/38)}
q3=

_1+68-6B2-8p +158°-68>

Ugiwas the velocity in the ligquid f£ilm with respect to the
gas slug.Rlandari;were the tube and slug radius respectively
while Rjwas the radial distance from the central axis, see
figure 1l.%.was the vertical distance from the slug head.
Hence, knowing the slug shape and rise velocity, the
liquid film velocity profiles at any Rj and & and the inter-
facial velocity Uy at Rjy=rj with respective to the tube wall
could be calculated from equation (II-6). King (28) also
evaluated the interfacial velocity in the gas-liquid flow
and showed that the interfacial velocity was (3/2) <Up> (II-7)
with respect to the tube wall. In slug flows, as indicated in
figure 1, <Up> is the average velocity of the liquid film at
any distance %2 and could be simply related td Ug, U slug

shape and size from the material balance around the slug as :
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<UF> = 5 (II—'S)

2 .
R ri

Typical velocity profiles in the liquid film as calcu-
lated by Street from équation (II-6) are shown in figure 2.
It can be seen that at the very short distance below the slug
head, liquid velocities are positive with respective to the
tube wall, but negative with respect to the slug. The average
liquid velocity <Up> being initially positive with respect to
the tube wall decreased gradually with distance % until at a
certain location <Up> was zero. After that, a downward flow
of liquid took place and velocity profiles changed gradually
until the flow was fully developed. The velocity was maximum
at the interface while zero at the tube wall. Further, inter-
facial velocities U; = Ur- Ug with respect to the slug increased
with the vertical distance from slug head until the liquid
film velocity profile or slug shape remain constant. Similar
fully developed liquid velocity profiles were also reported
by Mason and Goldsmith (35). The liquid film thickness 8o =
R - ry; at the lower part of the slug when r; is constant has
been also evaluated by Street (36) and Goldsmith (35) both

theoretically and experimentally. Street (36) showed that

So 2Npyr
— =1- {1+ (2q1+4q2+6q3)}2
R Npe
u?
where ; N = Froude number = —
Fr
g Dp
D, UgPy,

Npe = Reynolds::number=

Hy,
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LIQUID FILM VELOCITY PROFILES

Figure 2
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At the trailing end of the slug, dissipation of the de-
veloped velocity profiles induced wake mixing at the rear of
the slug (29). Griffith and Moissis (29) attempted to inves-
tigate the velocity profiles in this region by measuring the
static pressure and total pressure behind a plastic slug held
stationary in a 2 inch tube when water flowed down the tube.
However, no measurement of the liquid velocity close to the
bottom of the slug was made. In studying the mass transfer of
carbon dioxide into water and aqueous glycerol solutions from
the rear of the spherical cap, Calderbank (39) proposed that
due to the toroidal vortex in the wake mass transfer took
place from the bubble bottom surface to thin liquid elements
flowing along the bottom of the rising bubble. Velocities
varied from zero at the center to a maximum at the edge of
the bubble. In this study, similar: analysis predicted that
wake effect would not extend to the slug bottom surface as the
radial velocity component at the edge of the slug would be
zero or close to zero.

The velocity profile within the slug is much more diffi-
cult to visualize. Viscous drag on the gas-liquid interface
has been reported to induce circulation within the gas bubble
(35, 40, 41). Goldsmith and Mason (35) measured the velocity
profiles in the liquid slug rising through a stagnant liquid
by introducing aluminium tracer particles into the liquid slug
and taking cine films through the microscope. The results re-
ported by the author, figure 3, showed that because of viscous
drag, the velocity profiles in an area near the interface was

negative with respect to the tube wall whereas the main bulk
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VELOCITY PROFILES INSIDE A SLUG
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of the gas phase was flowing upwards. Hence internal circu-
lation was induced inside the slug. For - gas slugs, similiar
characteristic internal circulations could also be expected to
be induced by the viscous drag of the liquid films around the
slug.Velocity profiles-however might not be completely formed
within the gas slug since the gas phase viscosity is negligi-

bly small when compared to the liquid phase viscosity.

A-4. slug Length:r and Separation Distances

A wide variation of slug lengths and separation distan-
ces in fully developed slug flow has: been reported by Griffith
and Wallis (5). The authors studied flow characteristics of
air-water systems in 1/2{ 3/4 and 1 inch pipes. Beek (1ll) re-
ported uniform slug lengths and separation distances when heustu-
died the absorptions of carbon dioxide in narrow gas lifts of
0.48 and 0.238cm diameter. This type of flow pattern is not
normally observed in larger diameter tubes. The mean average
slug lengths over the entire pipe were reported by Griffith
and Wallis (5) and Street (42) to increase almost linearly
with the gas rates. Slug lengths on the other hand generally
decreased with increase in liquid rates. Mean average slug
separation distances were also found to be the increasing
functionn of gas rate and were only slightly affected by the
ligquid flow rates, the data though were scattered.

Govier (43) and Moissis (31) further found that slug
lengths and separation distances depended on the entrance
geometries of the tubes, purity of the fluid as well as the

dynamic quantities such as the fluid flow rates. They were
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however not unique functions of the operating variables and
it is considered that stable slug flows can occur, at given
gas and liquid rates, over a wide range of slug lengths.

In unstable slug flows where the wakes of the leading
slugs influenced the motion of the trailing slugs, Griffith
and Moissis (29) have shown theoretically that the momentum
flux at the rear of the slug was 'az function of Lg/D, and
rd/Dp where Ls and rq are the slug separation distance and
slug radius at the trailing end of the slug. It was also
found experimentally that in inviscid liquids, the wake effect
might prevail as far as 5.0 Dp from the rear of the slug but
in viscous liquids, the wake was found to be short and general-

ly extended to a distance less than omet:tubeddiameder -

A-5. Pressure Drop and Void Fraction

The pressure drop over an individual slug has been ex-
perimentally measured and shown by Laird and Chisholm (4) and
Nicklin (7) to be generally negligible. In two phase slug flow,
the pressure drop has been observed: to-be:greater than that
for the_single-phase flow (3, 44).

In general,as described by Nicklin (7), the pressure drop

APT was written as :

APT = (1—a)pL”yﬂ + apgg@ + APW (II-10)
= APg + APw
where ; o = gas phase void fraction defined as the fraction

of total volume of the tube occupied by the gas

phase
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APg = pressure drop due to the weight of fluids

in the tube

AP, pressure drop due to wall friction

Nicklin (5), Govier (45) and Higson (46) showed that due to
downflow of liquid around the slug, pressure drops due to wall
friction over the slug acted upwards and as :a result AP,, was
generally negative and so the measured AP; was less than APg.
The in-situ gas volume fraction or wvoid fraction o was

frequently related to the hold up ratio y defined as the ratio

of the liguid-gasi volume ratio’in the Elow section to the liguaid
1-o)/a

Qf/G
rous empirical correlations have been proposed by Govier (47,

2gasivoliumem ratio in the feed or vy = (II-11). Nume-
48) , Ros (49), Hughmark and Pressburg (50) and Ueda (38) to
predict hold up ratio of the gas-liquid two phase particularly
for the air-water system. However, none of these correlations,
as noted by Govier . (43) ,were in fact general.

Different from Kozlov (51) and Griffith and Wallis (3)
who correlated the vertical two phase flow regimes in terms of
the superficial volumetric gas fraction and average Froude
number, Govier (47,48) classified the flow regimes by means
of their unit pressure drop and hold up ratio  behaviour:
when plotted against the gas-liquid volume ratio RV, figure.
4. Apparently, each flow regime was characterised differently
by an increase or decrease in unit pressure drop and hold up
ratio with Rv' In the slug flow regime, unit pressure drops
first decreased with R, until a minimum and then increased

again with R, .The ‘behavieur was reversed as the flow:.patterns
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VARIATIONS OF UNIT PRESSURE DROP AND HOLD
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changed into the froth, rlpple and film reglons.

R 2

The corres-

pondlng hold up ratlo was observed to contlnually 1ncrease

with R.V in the slug flow regime.

II-B. Mass Transfer Studies

Studies of the absorption from bubbles in narrow tubes
were undertaken as early as in 1919 when Adeney and Beeker
(52) reported their experimental results on the absorption
from a single air bubble by water in a closed vertical tubes
but no basic theory was described. Higby (13) also investigated
the absorption of carbon dioxide into water from a long bub-
ble and applied the diffusion equations to explain his re-
sults, theometical.massrtransferiecaefficientsabeindtgéven by
K, = 2(Dy/mtg)* (II#12). Equation (II-12) has been termed the
penetration theory and applied when the penetration depth of
the solute into the liquid medium is small. Danékwerts further
modified this concept in terms of a surface renewal factor (53) .
Nate and Himmelblau (54) also studied mass transfer of carbon
dioxide from large single bubbles formed in a fixed position
and surrounded by a thin conical film of water flowing at
average film Reynolds numbers in the range of 40 to 300. The
calculated mass transfer coefficients agreed well with those
predicted theoretically for : ...l bubbles with surface areas
of about 10.0 to 14.1 cm2. With larger bubbles, the experimen-
tal results showed a distinct increase over the predicted va-
lues. The discrepancies were believed to be the result of an
increase in liquid mixing perpendicular to the bubble inter-
face by surface waves. Baird and Davidson (55) on the other

hand investigated the absorption rates of carbon dioxide from
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large rising bubbles (0.8-4.2cm diameter) in still water.
It was found that for larger bubbles (over 2.5cm diameter)
mass transfer was not constant with column height due to the
concentration build-up in the liquid carried behind the bubble.
Actual investigations of mass transfer in two phase ver-
tical slug flow are few (11,12) though in horizontal tube,
mass transfer has received considerable attention, for exam-
ple, the work of Scott (56,57). Beek (1ll) studied liguid phase
controlled mass transfer by absorbing CO, into water using:-ver-
tical tubes,flow conditions were fully developed. In this study,
the product of the liquid phase mass transfer coefficient and
effective area was evaluated both experimentally and theore- .
tically. .Experimental values were about 30 per cent lower than
the predicted values which was considered to be caused by a
decrease in the velocity gradient resulting in rippling of the
gas-liquid interfaces at the trailing ends of the slugs. Mah
and Golding (12) compared the gas phase controlled mass trans-
fer efficiencies under different gas-liquid contacting con-
ditions. The system studied was the absorption of hexane from
nitrogen carrier gas into dodecane. Three contacting conditions
were investigatedr, bubble flow, slug flow and annular flow, the
latter corresponding'to conditions existing in the wetted wall
column. High mass transfer efficiencies were observed in all
cases, but evaluation of mass transfer coefficientswwereccompli-
cated by end-effect mass transfer (EE = 0.90-0.95). The results
however indicated that in slug flow, mass transfer rates were

very much smaller than those for bubble flow ox under wetted
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wall contacting conditions. The slug flow conditions observed

were not fully developed.



III. THEORETICAL

III-A. Evaluation of Experimental Mass Transfer Coefficients

When mass transfer take&s:place from arrisingsslgg.it.can
be considered to have tdken place .im three distinct regions,namely
the formation, the rise and the slug collapse zones as shown
in figure 5. The mass transfer taking place in the'formation
and slug collapse zones hasibeen termed.end effect mass “trans-
fer while the mass transfer that takes place as the slug rise
has been termed rise period mass transfer (58,59). End effect
mass transfer (58,59) has usually been assumed to be constant
and independent of contact height. The fractional approach of
the gas phase to equilibrium with the liquid phase is general-
ly expressed in terms of an overall gas phase efficiency, EOT
where Eqgqm = ZSE:ZSEE ' Y = mole fraction of soluble compo-

Yon-Y* off
nent in outlet gas and y* = mole fraction of soluble compo-
nent in the gas phase that would be in equilibrium with the
liquid phase, the mass transfer efficiencies in each respec-
tive period En, Eg and Eg being defined as in figure 5. if,
as was found in this study, the values of y* do not vary ap-
preciably, it can be considered constant in evaluating the
overall mass transfer coefficient Kys. Then, the rate of ab-
sorption of hexane from the bulk of the gas to the liquid
phase in the rise period can be expressed by the following
differential equation :

Gpd,, = —KogRFP (y-y*)dey (IXI-13)

Yy

where ; Kog = overall mass transfer coefficient in

2

g-mole/cm“sec atm
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DEFINITION OF MASS TRANSFER EFFICIENCIES .
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y = mole fraction of hexane in the gas phase
F = slug frequency,:slugs/sec

A, = effective slug surface area to mass trans-

fer, cm2

G, = mean molal flow rate, g-mole/sec
P = total pressure, atm

6 = contact time, sec

After rearranging and integrating, equation (III-13)

becomes :

Yo g

dy KogALFP
y. Yy* = ——— dey (ITI-14)
1

0 m

where Yy and y, are the mole fraction of hexane in the gas
stream at the inlet and outlet of the mass transfer section,

figure 5. For constant y*, equation III-14 becomes :

vy - ¥* ®2 RogAeFP
In —  ~ = ——— deyg
Yy, - y* m
2 0
% RoGALFP
or —ln(l—EZ) =‘5- o ddg (III-15)
0

In practice, only E,qn can be measured directly and when
end effects are present, they have to be allowed for. Hamielec
(57) has shown that for constant y*, the following relation-

ship holds :

—ln(l-EOT) = —ln(l—EZ)—ln(l—EE) (IXI-16)

where ; EE = EF + EC - EFXEC
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When y* is not constant, equation (III-16) requires modifica-
tion. It can be shown that for lean gas and with high formation
end effect mass transfer as can be assumed to take place in this
study, the change in liquid composition during the rise period

underufilic Flowlconditionss of* this stuligkeasa founds tonbezsuffiecient-

gt 1 and.y* can be taken as constant and equal to yX*--,see
4 off

appendix 2-A3. Yon ~ Yoff
Eor =
Hence Yon ~ Y&ff
Yon T Y1
Ep = .
Yon ~ Yoff
Y1 — Y2
EZ =
Y1 ~ Y3rs
Yo - Y
Ee = off
Yo = Yi¢s

ygff being calculated from the relationship y&es = mX g where
Xoff 1S the cup mixing liquid composition at the liquid outlet
and m the slope of the equilibrium line evaluated using Raoult's
Law, appendix 6-D. Then from egmations (III-15) and (ITI-16)
with P = 1 atmosphere

0
A KOGAeF
-In(1-Eqm) = —— 46, - 1n(1-E,) (II1I-17)
oT 4 E
0 Gm
In equatien (III-17), as Ag is unknown and not constant,
the integral at the R.H.S.can not be evaluated. However, by
plotting —ln(l-EoT) against residence time 65 in the rise zone,
KogRAeF
the point value ( —ggﬁ—— ) at the top of the absorbers aan be

evaluated from the slope of the curve :
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KOGAeF _ d{-ln(l—EOT)}

= at any H (III-18)
Gm dez Y

(H - ho—w)

ez is equal to 5 where ho and w are respectively
s

the formation bubble length at the orifice and the length of

the developing zone, see appendix 4-D.
Further, if Ep can be taken as constant, that is inde-
pendent of the absorber length, the number of mass transfer

units NTU and mean value (__EH__) over the rise zone for any H

will then be :

Oz KA F

K~rAF KacALF

OG ‘e _ 0G**e
0

KacA F 1

OG ‘e

with E; being calculated from the intercept of the -1n(l1-Egyq)
against 6, curve at GZ = 0.

From equation (III-18) and (III-19), if the slug frequen-
cies are known, the product of the mass transfer coefficient
and slug effective area kOGKE and Kgaié can be ¢alculated. -
Further, ifHAé.is not. equal to.the:slug.surface area-Ag,. eguar

tions (ITI-18).and..(III-19) _can be rearranged to give

KogheF 1 1 Ae

Koga = ( G (As).22414 where a = As
s

Roahgr, 1 1 __ R

Koga = ( G ) Xs 22414 where a = %;

=)

Vs




As A

s
(F-) and (5?) are the point and mean slug surface area to
s

volume ratios and can be evaluated experimentally.

III-B. Theoretical Prediction of Overall Mass-Transfer

Coefficients

B-1. Introduction

As there was an appreciable resistance to mass transfer
in both gas and liquid phases in this study, it was necessary
to consider the resistance in each phase separately. In gen-
eral, mass transfer between a single gas bubble and surroun-
ding liquid can be considered to be divided into the follow-
ing three steps :

(1) mass transfer from the gas to the interface
(2) mass transfer through the interface
(3) mass transfer from the interface to the liquid

The resistance to mass transfer at the interface is
normally assumed to be negligible, the overall mass transfer
resistance can be related to the individual gas and liquid

phase ‘resistance by means of the two resistance theory as :
1 1 m
— i — o — (IIXI-20)
where Kqg: kG and kp, are repectively the overall, individual

gas and liquid mass transfer coefficients over a contact area

Ae‘
The application of the two resistance theory has been
discussed by previous authors (60-62) and was considered valid

by King (61) under the following conditions :



(1) m: Rust be constant
(2) the magnitude of kg at any point must be independent
of the relative magnitude of ky;, and vice versa

(3) the ratio (mkg/k;) must be constant

In this study, the paraffin oil solution could be con-
sidered ideal and m constant. The individual mass transfer
coefficients, being taken to be independent of each other,
were found to vary as described by the penetration theory and
hence the ratio (mkG/kL) would be also approximately constant.

From equation (III-20), King (28) further showed from

the penetration theory that

k D, % MW
(=)= (D) — =9 (III-21)
kL Dy, P, RT
where ; MW = molecular weight of liquid solution
g/mole
o

R = gas constant (atm) (cm>)/(g-mole) (°K)

and (EE) 1
— - — (III-22)
()
L - mé (III-23)
( 1 ) 1l+m¢
Kog

m$¢ has been termed as the resistance parameter by King
(28) . From equation (III-22) and (III-23), the approximate
fraction of overall mass transfer resistance in the gas and

liquid phases over the range of physical properties studied
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in this research were calculated, see Table 1 below

Table 1

Relative Mass Transfer Resistance in The Gas

sttem

n-Hexane-Helium-Heavy Paraffin Oil
n-Hexane-Nitrogen—-Heavy Paraffin Oil
n-Hexane-Freon-l4-Heavy Paraffin Oil
n-Hexane-Helium-Light-Paraffin 0Oil
n-Hexane-Nitrogen-Light Paraffin Oil

n-Hexane-Freon-l14-Light Paraffin Oil

In slug flow, the liquid flow behaviour

lower regions of the slugs would differ, see

and Liquid Phases

Gas Liquid

e Phase Phase
.1.879 0.347 0.653
~1.023 0.494 0.506
0.758 0.569 0.431
0.968 0.508 0.492
0.527 0.655 0.345
0.391 0.719 0.281

at upper and

figure 2 and

separate equations had to be written for mass transfer taking

place in the two regions. In the upper region, mass transfer

takes place due to liquid flow around the surfaces of the

slug while in the bottom region, mass transfer can be consi-

dered to take place due to wake induced motion at the rear

of the slug :

1 1 1
For upper region = +
(Kog) £Bs  (kg)gBe (ko) gh¢
1 1 1
For lower region = +
(Kog)p,2p  Ke)pPp  *u)pPp
, 1
thus  Kgg = ~ { (Rog) gA¢ + (Kog)pPp? (ITI-24)
' e

where Ay = A, - By with Ag and Ay being the slug total and



bottom surface area.

The wake effect as mentioned previously at the rear of
the slug did not extend to the bottom surface of the slug
and the bottom surface mobility was relatively small, (Kpg)p
as studied by previous workers (27,63-65) can be expected to
be small when compared with (KOG)f. In addition, Ay was géne—
rally only a small fraction of Ag; for example in 0.793 cm
diameter absorber, (Ab/AS) is 0.2, 0.15 and 0.09 for 0.5, 0.8
and 1.5 cm long slugs respectively. Hence, equation (III-24)

can be further approximated as

1
Kog * — (Rog) ¢ 2¢
S
A
or Kog = _f{ 1 } (III-25)
A -1 - m

-
(Ke) cP¢ (Kp) cAg

B-2. Liquid-Phase Mass-Transfer Coefficients

For a solute penetrating into a liquid layer, Higbie .

(13) has shown that for short contact time the individual

liguid phase mass transfer coefficients is equal to

D
ki = 2.0(_.1'__);i (cm/sec)
Tta
o] D
OR = 2.0 _E ( L )!'5 (g-mole/sec cm?) (III-26)

MW ntc

where t_ is the contact time between the liquid elements and

the interface.

If the interfacial velocity is constant and known, to can

be expressed as S/U; or



( L ) (g-mole/sec cmz) (IXII-27)
MW s

where S is the distance travelled by the liguid elements.
In cases when U3 is not constant but varies with S, as

for the slug and liquid interfaces, equation (III-27) can

be written as

2.0 o]
(kp) = — | Ly 5o 2l E ( 8Ag )
£ a MW  TWALg
£
(g-mole/sec cm?) (ITI-28)
(U1) 5 + (U3) 4
2
L
ALS=_.3
n
AA . = (A . - (A .
( f)J ( f)3+l ( f)J

U; for the slug and liquid interfaces of this study can
be evaluated from egquations (II-6) and (II-7) as proposed by
Street and King respectively. While the results of U; from
these equations compared fairly well with each other, see
Table 2-2 of appendix 2-B, King's equation was relatively
simple and employed for the evaluations of Uj;.

In order to account for the stretching effect of the
liquid layer around the slug surface, Heuven and Beek (1l1)
showed theoretically that for short penetration depths,

2.0 Py,

S1 dA
(kp)g = — (=) (L s {S —5)2 yyas; ¥*
Af MW ﬂ St

(g—mole/cmzsec) (ITI-29)
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with Sy being the length of the interface from the slug head.
In this study, the peretration depths PD calculated from
the equation PD = 0.36(D]-_‘tc)!5 as reported by Danckwerts (53)

were small compared to the liquid film thicknesses. As

{ 50 G%Af) U dSI}!'i was approximately equal to {f ( f)EU d!Z,}!E
equation (III-29) then becomes :

2.0
(kL)f————(——J(——J%{S (___) 2y, d!l,};i (g—mole/cm sec) (III-30)
dAf
Further, ( ) was found to be approximately constant, equations

(III-28) and (III-29) can then be assumed to be equivalent.

-~ L
R Y

B-3. Gas-Phase Mass-Transfer Coefficient

No convenient equation or correlation are available for
the evaluation of the individual mass transfer coefficient kg
in a slug or single bubble.Aerov and coworkers (66) reported that
the penetration theory described the mass transfer from a moving
drop for the case with high peclet number,(Usri/Dg)(>102) and
where the resistances of the continuous and disperse phases were
commensurable. The values of peclet number for this study were
found to be about 120.If,due to the external liquid flow,figure:2,
the gas inside the rising slug can be assumed to circulate, a
finite velocity would exit at the gas-liquid boundary leading
to the surface condition,(Ui)liquid=(Ui)gas(G@LUnderémheses cir-
cumstances,fresh gas elements might be expected to be brought
continually to the interface and the following egquation similar
to equation (III-28) can be used to evaluate the kg values,

2.0 1 n DgUj 5

(kg) .= —(—) 2(—-—-——-—);5(AAf)J (g—mole/cm sec atm) (III-31)
f Af ORT J wALg
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B-4.FEvaluation of Overall Gas-Phase Mass-Transfer Coefficients

by Diffusion Model

As an alternate method, the overall gas-phase mass-transfer
coefficient can be estimated from solutions of diffusion equations.
Groeber (68) has presented solutions for the heat transfer from
symmetrical bodies initially at an uniform temperature and then
suddenly changed to a different environment. These sétutions
have been used by Poutanen (21) to solve analogous problems of

mass transfer from a bubble into a continuous phase having re-

sistance to the diffusion.

If the slug is considered to be made up of two parts, the
spherical segment and cylindrical body, the diffusion equations
for the mass transfer inside the different parts can then be
solved by analogy to Groeber's derivations and if the liquid
film mass transfer coefficients are known, the average mass
transfer coefficients of the slug can be approximated as

Kog = (1/Ap) {(RKpg) . Br + (Kogle Acl (III-32)
where Ay and (Kog)yr Ac and (Kog)c are the surface area and
average overall mass transfer coefficients of the spherical

segment and cylindrical body respectively

4-a. Diffusion from a Sphere to a Continuous Phase

The mass transfer in a non-stagnant spherical bubble can

be given by the following differential equation :

dy \92y 2 3y
C = Dol + ) (III-33)
3 E are r: or
t r{ i i
where Dy = w Dg and w is the correction factor that takes into

account the increase in molecular diffusivity _due to~cirdus to circu-

Q




lation within the sphere. The_boundary conditions :for. equation

(TEDH 3 34 twith stezhstanee to diSfesmion in_thercoptinuousaphases

are :
Y = Y5 at ry = rg £t =0
oy '
m— = - ' . o= |
DE(ar.)ri=ro k' (xj-%) (k;' : cm/sec)
i
OR oy kL MW 5
(—) . _ = = —— (y; - ¥*%) (ky, s g-mole/cmisec)
dr; Fi=Y¥o Dgp M

The radius r, of the spherical segment is about 0.265 cm
for slugs in the 0.793cm-I.Buabkeorber andkisis thelddiquidlFRim
mass transfer coefficients calculated by the penetration theory
from equation (III-29). Solution of equation(1iBE23 3)s sdiiskar- o

those of Jacob (%689) and Poutenan (21) with y reducing from y,

to vy, is:
g =21~ Y2
vy - v*
© 6(Sin¥. - ‘P-cos‘l’-)2
= 7 3 J 3’ (1o 2 2y31 (TII=34)
= .z 3 - - XP(- j DEt/ro )
3=1 y47 (¥4-Sin¥sCos¥y)

where E is the mass transfer efficiency and Yj are the roots

of the auxiliary equations

kL ro MW
 =1.0 - j ry Cot(j ry) (IZT435)
DE pL m
kLroMW .
which had been solved by Jacob (62) for Bgvfa— ranging

from 0.0002 to 50.
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. 2
G(Sanj - Y. Cost)

Let B. = J

3 .
Wj (Wj - Sanj Coswj)

(ITI-=36)

2 2
Ay = 1 - exp(l - ¥y DEt/ro )

The values for the first two roots, Vl and Wz and cons-
tants Bland B2 together with Ay and A, are given in the

following Table 3-~. for numerous values of (kLMWro)/(DEme)

Table 2-1.

values of Wj, Bj and Aj

t = 0.1 sec

) T o 5

Bﬁ;ﬁ%ﬁ ¥, B; A4 ¥, B, Ap
0.200 0.759 0.996 0.143 4.538 0.0001 0.9961
0.100 0.542 0.996 0.076 4.516 0.00002 0.9952
0.080 0.486 0.996 0.062

0.060 0.422 0.996 0.046

0.040 0.345 6.996 0.032

0.010 0.173 0.996 0.008 4.496 2x10_7 0.9944
0.008 0.155 0.996 0.006

0.006 0.134 0.996 0.005

0.001 0.055 0.996 0.001 4.494 2x10--9 0.9944

As the maximum values of (kproMW)/(DpPr™) in this study
was found to be less than 0.1 (W=1.0) equation {(I¥I-34)r.can be

approximated as :

2

113

2
E 1 - exp( - Tl DEt/ro )
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orxr

-ln(l - B) = ‘l’lzDEt/ro2
K. ~AF
since -ln(l1 - E) = ( oG )rt
G 2 2

A-2. Diffusion From the Cylinder into A Continuous Phase

The same procedure can be used for solving the radial
diffusion from a cylinder into a continuous phase with resis-

tance to diffusion at the interface. The diffusion equation is:

dy a2y 1 09y

— = Dg( + ) (£31238)
E 2
ot ary r; orj

with boundary conditions,

(1) y =Y;3 at ry = ryg t =0
id = =- 0 - v -
(ii) DE(By/Bri)ri=rd = - kg ' (x5 X) (kg," @ cm/sec)
kMW -mole .
or (3y/dr;) - - (yi - ¥9)  Ukg 8 —g——)er
ri=rd DgP ™ cm?sec atm

The solution of equation (3T1)38) twithetheupdandaggcon-

ditions is by analogy to croeber's derivation (é8) as :

2
yooo- J317 (A3

2 2 -
) {1 - exp(-A;"Dgt/ry )} (I13-39)
1y 320y + 3209 7

Ay are the roots of the auxiliary equations
kerMW ‘ _ Jo(j rd)

(=——) = (3T2+40)
DgPM Jq (3 rg)
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4 le(kj)
If let AAj = 3 5 5
Xj JO (Aj) + Jl (kj)

(Ixr41l)

and from the results of ll' 12, Anq and AA, as shown in

Table { _3 ), equation (III-39) can be written as :

E = 1 - Exp(-A;°Dgt/rg?)

or -ln(l - E) = (KOGAF/Gm)ct

(Kog) o = (Gm/AF) ¢ (A1%D /g% (ITI1-42)
Table 3
Values of Ay and ARy

k1 rgMw
S 51 AR A2 ARy

0.50 0.940 0.9954 3.96 0.004000

0.10 0.443 0.9998 3.86 0.000210

0.05 0.315 0.9999 3.85 0.000089

Therefore, from egquation (IrII-32), (ITII-37) and (III-42),
the average overall mass-transfer coefficients of the slug,
Kogr can then be calculated when mass transfer within the slug

takes place due to the diffusion and that from the slug surface

to the liquid takes place by the penetration model.
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IV. EXPERIMENTAL-APPARATUS AND PROCEDURE

IV-A. Introduction

Apart from modifications to the gas and liquid phase.
inlet section, the apparatus and procedures were similiar to
those used previously (12). The modification was carried out
to reduce mass transfer at slug formation according to the
design used by Scott and Banerjee (26) . A general variation
of gas and liquid phase properties was achieved by using dif-
ferent carrier gases and heavy and light paraffin oils. The
carrier gases were helium, nitrogen and Freon-14, details of
the variations in physical properties of both phases together
with the range of flow rates employed are given in Table 1.
The possible range of flow rates was limited at the lower
level by the onset of intermittent flow characteristics as
indicated by fluctuations in pressure drop measurements and

at the upper level by incomplete saturation of the carrier

gas.

Iv-B. Apparatus

A schematic diagram of the apparatus is shown in figure
6 and equipment specifications are given in appendix 5-E.
Three main operations were involved, the saturation of the i
inert carrier gas, the mass transfer between the two phases,
analysis of the vapor phase and recovery of the used paraffin
oils.

Inert carrier gas from the gas cylinder (1) was passed
through a calibrated rotatmeter, flow rates being adjusted

by means of a flow controller. The carrier gas was then passed
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19.
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EQUIPMENT LIST

(Figure 6)

carrier gas cylinder
rotameter )

thermal conductivity cell
manometer (mercury)

ambient temperator saturator
low temperator saturator
manometer (merian oil s.p.0.827)
heat exchanger

entrance section

mass transfer section
gas-liquid separator
pulsation dampener
micrometer pump

heat exchanger

paraffin oil head tank
paraffin oil recovery
rotameter calibration
by-pass line

ligquid flow inlet
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through #hree satidators Tontainithg: n-h&3dthe " ¥hel FbSist "2
Saturators wasre maintained at room temperature and the re-
maining saturators at 4°c to -15°c depending on the inlet
gas phase concentration of hexane required. Saturation of
the gases with hexane was checked by condensing the hexane
in dry ice traps, see appendix 5-B. The saturators were each
made up of a glass column, 6"I.D. and 12" in length, clamped
between by two brass plates as shown in figure 7. Saturators
were maintained 4/5 full of hexane, hexane being removed
periodically from the low temperature saturators.

On leaving the saturators, the gas mixture was brought
to room temperature (8) before entering the entrance section
of the absorber (9) where conenrrentccontactingtaobkoplace
between the gas and liquid phases. The liquid flow rates (19)
were controlled by means of a calibrated micrometer pump. The
paraffin oil was cooled (14) and pulsations dampened (15) be-
fore entering the absorber. The absorber was made up of dif-
ferent lengths of glass tubing varying from 5 to 50 cm and
three tubes were used with inside diameters 0.594, 0.793 and
1.0 cm respectively. The lengths of glass tubing were fitted "
between the entrance and outlet sections (7) (1) as illustrated
in figure 8. The gas inlet was a 0.l cm I.D.capillary tube
fitted to the lower part of the entrance section. The capil-
lary was placed as close as possible to the bottom of the
absorber tube, see figure 8. Two types of inlet section (i)
and (ii) were used and both gave comparable results in redu-

cing slug formation mass transfer. In the outlet section, an
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Make up Hexane

Carrier—-Hexane
. Mixture Outlet
Carrier Gas =i

Inlet

Hexane

Gas Bubbler

— o —

- Figure 7 HEXANE SATURATOR
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inverted cup (2) was used to prevent carry over of liquid into

the gas phase. All runs were carried out at ambient temperature

and pressure conditions.
After leaving the absorber, the gas phase then returned

to the thermal conductivity cell and outlet concentration was

determined from thermal conductivity measurements. A full des-

cription is given in appendix 5-A. The outlet liquid was col-
lected and hexane stripped from the paraffih oil by bubbling
nitrogen through the oil at 30°C. The oil was finally degassed
under vaccum of 10" Hg and reused. A check was made using fresh

and recycle paraffin oil and similar results were obtained.

IV-C. Photographic Study

A photographic study was carried out to measure the slug
frequencies, slug rise velocities, slug separation distances,
slug shapes and sizes. A detailed layout of the photographic
equipment used is shown in figure 9. A 16 mm Red Lake Hycam
camera and Kodak 4-X reversal film were used, frame speed being
1,000 frames per second. Possible distortion was reduced by pla-
cing a plexiglass block around the absorber tube. The degree of
distortion was tested by measuring the width of a small rod of
known dimensions placed at the center of the tube. The distortion
was in the order of 2 to 3 per éént, see appendix 5-D. The camera
was fitted with a timing light generator which enabled accurate
evaluation of slug rise velocity. The lighting consisted of two
1,000 watt (120 volts) lamps. The £ilms were developed and
studied with a L-W photo analyser. Photographic eguipment

'specifications are given in appendix 5-E.
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IV-D. Procedure

D-1. Mass Transfer Measurement

In starting an experimental run, hexane-free carrier
gas was first passed through the absorber and both sides of
the cell ultilizing the by-pass line (18), figure 6. Then,
after standardizing the potentiometer, the T.C.cell reading
was set to zero by means of balancing adjustment in the power
supply unit. The initial flow rate was given by a calibrated
rotameter. The carrier gas was then diverted to the satura-
tors, brought to room temperature and introduced into the
absorber where mass transfer took place. The paraffin oil
flow‘was then started. Exit gas from the absorber returned
to the T.C.cell while the used paraffin oil was collected for
purification. The run was allowed to reach steady state as
indicated by the imbalance of the T.C.cell. At steady state,
the millivolt reading of the cell, carrier gas and paraffin
oil flow rates, absorber length, temperature of the saturator,
pressure drops were recorded together with the barometric
pressure and room temperature. The outlet gas rates with dif-
ferent inlet gas phase hexane compositions were also measured
using the soap and bubble technique.

On completion of a run, the paraffin oil feed was stopped
and the gas stream diverted back to the by-pass line and a
duplicate run was carried out repeating the same procedure.
For each tube diameter, a series of runs were made at diffe-
rent gas flow rates, liquid flow rates and gas phase concen-

trations. The absorber length was also varied to determine
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the effect of contact time on mass transfer and flow charac-
teristics. When changing carrier gas and paraffin oil, care

was taken to completely purge the apparatus before starting

a new series of runs.

D-2. General Flow Characteristics

2-a. Void Fraction

The gas phase void fraction in each tube length absorber
was determined from knowledge of the total volume of the absor-
ber and the liquid hold-up intthe absorber.The liquid hold up w
was determined by simultaniously closing valves E and C, the
liguid trapped was then allowed to drain through D,collected and
its volume measured,see figure 8.This volume included liquid in
the inlet line A-B which was determined and substracted to give
the actual liquid hold up.This was done by allowing the liquid
to rise slowly to the position A and then closing the valve E.

The liquid trapped was then drained and measured.

2-b. Slug Surface Area and Volume

These were determined by means of high speed photography.
A 25 mm lens was used and 25 feet length of film employed with
the frame speed of 1,000 f£f/sec. Slug images on the films were
projected onto a calibrated screen and the slugs traced,tracings
were taken for each run at different positions in the absorber.
Three absorber lengths were studied, 15, 25 and 40 cm. The
slug surface areas and volumes were calculated numerically

assuming radial symmetry, see appendix 2-A.

2-c. Slug Frequencies
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The slug frequencies were measured by determining the
number of slugs passing through a reference point in the
absorber for ten foot length of film and the time determined
by counting the total number of timing light marks appearing
on the film. The timing light generator was set at 1,000 points
per sec. and the reading checked with an escillescope.Slug
frequencies for absorber lengths other than 15, 25, and 40 cm

were measured approximately by means of a stroboscope.

2-d. Rise Velocities

The slug rise velocities and separation distances were
measured with the aid of a microscope, magnification x10. The
film was pulled manually through the eyepiece of the microscope
and examined. The distance travelled by the noncoalescing.n’
slugs at any position in the absorber from one location to
another was measured. The time taken for the slug to travel
this distance was again determined by means of the timing
light marks on the film. The separation distances between
slugs were also read off the scale directly. When pairing of
slugs took place as they rose up the absorber i.e. 2 > 5 cm,
specific velocity measurements were made to determine the

influence of the wake on the trailing slugs.

2-e. Liquid Mixing

Liquid mixing characteristics were studied by the injection
of red merian oil having the same specific gravity as the paraf-
fin o0il.The oil was injected with a syringe at two points,in the

entrance section and agtta point along the absorber, see digures

8 and 10.
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V. RESULTS AND DISCUSSION

V-A. General Slug Flow Characteristics

A-1. Introduction

The following variables were measured in determining
the slug flow characteristics; pressure drop, gas phase void
fraction, slug frequency, slug shape and size, slug sepaiation
distance, slug rise velocity and liquid mixing profiles. The
results obtained are tabulated in appendix 1 and liquid mixing
characteristics described in ses&ionrVaP8.The majority of the
runs were carried out with mass transfer taking place, only
a limited number of runs being made with pure carrier gas and
paraffin oil. Three mean gas rates 165, 245 and 326 cc per min
and three liquid rates, 30, 45.and 60 cc per min were employed.
It was found that at low gas rates or high liquid rates,
consistent ' flew patterns could not always be obtained with
absorber length greater than 30 cm. Under these conditions,
the flow patterns changed from continuous chained bubble flow
to an intermittent slug type of flow. This behaviour was
characterized by excessive pressure drop fluctuations and a
break in the pressure drop versus absorber length curves,
figure 11, In addition to ensure complete saturation of the
gas phase an upper limit of 326 cc per min was placed on the «

gas flow rate, see appendix 5-B.

A-2. Flow Pattern

The slug flow patterns observed in these studies were
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VARIATION OF TOTAL PRESSURE DROP WITH ABSORBER LENGTH
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very complex and depended on both operating variables and
system wariablesaas wellaasalabsorber geometyy.In the initial
experimental runs,carried out with pure carrier gas and
paraffin oil, slugs rose in close proximity to each other
with little or no coalescence. The patterns are shown in
figure 12, A and C. The situation however was not normally
the same when mass transfer took place, the patterns being
characterized by slugs which rose up the absorber separated
by liquid plugs and the flow was not fully developed. The
slugs also showed a tendency to pair and coalesce with in-
creasing absorber length, figure 12, B and D. It was observed
that with the light paraffin oil slug sizes were considerably
smaller than the sizes obtained with the heavy paraffin oil.
Slug coalescence resulted in a continually changing flow
pattern along the absorber, the coalescence being the func-
tion of slug position and initial absorber length. The fol-
lowing behaviour can be considered typical and is represented
schematically in figure 13. At the bottom of the absorber,
gas bubbles were formed, coalescing rapidly to produce bullet
shaped slugs. These zones are considered as formation and
developing zones and extended over a distance of approximately
1.4 and 1.5 cm respectively:, see appendix 4-D. The slugs
then rose up the absorber, tended to pair and sometimes co-
alesced before leaving the absorber. It was found that the
slug separation distance determined whether pairing of slugs
took place and was found to be about 0.25 Dp-. Careful obser-
vation of the photographs showed that as the slugs paired,

the nose of the trailing slug was slightly distorted becoming
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SCHEMATIC REPRESENTATION OF SLUG BEHAVIOUR
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eccentric on one side or the other. This was then followed
by an increase of trailing slug rise velocity until pairing
took place. For individually rising slugs, the shapes, the
sizes and the rise velocities were fairly constant.

One other definite flow pattern was also observed, oc-
curing at low gas rates and high liquid rates. Small slugs
similiar in shape to spherical caps, chained together with
very little coalescence while rising up the absorber, an
effect of mass transfer was not apparent. Griffith and Wallis
(3) regarded this flow pattern as a transitional flow between
the bubble and slug flows.

The direction of mass transfer also influenced flow
patterns. When nitrogen was used to strip hexane from liquid
solvent containing 0.02-0.07 mf. of hexane, variations in
flow rates and absorber geometries effected only the slug
lengths and shapes but not the overall flow patterns, these
patterns being similiar to those found with no mass transfer
taking place.

Mass transfer would be expected to have affected liquid
phase and interfacial physical properties such as density,
surface tension and viscosity which would in turn affect the
relative motions of the slugs. Densities of both phases and
interfacial surface tensions, however, only varied slightly
(<5%) as the hexane composition varied from zero to 0.08 mf ,
appendix 6-B. Liquid viscosity uj however could be affected
to a much larger extent than Py, or o by the increasing of
hexane composition since the viscosity of hexane is only

0.2569 cp which is small compared with those of pure paraffin
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oil (340 cp). Consequently, liquid phase viscosities con-
tinually decreased along the absorber which would then tend
to promote slug coalescence. This would also account for the
effect of the direction of mass transfer as when hexane was
stripped from the liquid phase, liquid viscosities would in-
crease and flow patterns tend towards the pattern observed
when no mass transfer took place. Liquid mixing in the liquid
phase, see sectidhvV4+A=8,was also affected by flow pattern
and as mixing was incomplete, a viscosity gradient might have
been established in the liquid zones which could also influence
the movement of gas slugs. Further studies in this area are
required.

In practice, it was impossible to determine the effect
of the variation of inlet composition on flow characteristics,
i.e.APT and oa. This was due to the méss transfer taking place
in the formation and developing zones which tended to equalize
the liquid phase bulk concentrations:at*thetbggimndyg~0f~the
rise zone. As a result, there was a suddenhdecsxeaserlp boihdAPT & O
which was independent of the actual inlet composition, figures
12 and 1&.

As shown in figure 16, the flow patterns also showed a
decrease of unit pressure drop and increase of hold up ratio
with R, = G/Q; as observed by Govier (47,48), figure 4. This
is considered to be the characteristics of the vertical slug
flows (47,48) and the daté obtained in the present study lay

in the region characteristic of vertical slug flow .
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A-3. Slug Frequencies

Under unstable flow conditions, slug frequencies were found

not only to be the function of liquid phase viscosity, gas and
liguid rates, gas phase density and tube diameter but also of
slug position Z and absorber length H. With increase in contac-
ting length, Z, slug frequencies decreased due to slug coales-
cence, at first quite rapidly but slowed down as the siug travel= .«
led through rise the zone becoming generally constant for Z>1l5cm.
This was particularly apparent for the data obtained with the
heavy paraffin oil. With light paraffin oil the variations were
less pronounced, see figure 17. It was not possible to predict
generally at what point slug coalescence would take place. The
degree of slug coalescence f, however lay generally in the 0.75-
1.0 range but at H = 40 cm, G = 326 cc/min and Q; = 60 cc/min,
with the n-hexane-nitrogen-light paraffin oil system values as
low as 0.45 were observed. f, was defined as F/F,, where F=point
frequency and Fg = initial frequency at 2z = 5.0 cm.

When the mean frequency F defined as the average of the
point fregquency values for any absorber length was plotted again-
st the absorber length H, in figures 18 and 19, a definite
effect of H on frequency was observed.The frequencies first
decreased with increasing H until a minimum was reached at absor-
ber length of apporximately 25 cm at which point frequencies
started to increase again with H.The effect was particularly
pronounced for the heavy oil.This variation of F with H is fur-
ther illustrated in figure 20 in photographs taken of the rising
slugs.In addition,as indicated in figure 21,with increasing ab-

sorber diameter Dp,slug frequencies decreased.The decrease was
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at first rapid but tended to slow down at the largest Dp-

Slug frequencies were also found to decrease with increase

in gas phase density Py see figure 22 . These results were
consistent with the results reported by Brown, Sullivan and
Govier (47) who investigated the effect of pg OnN flow patterns
for the air-water system in a 1.5 inch vertical tube.

Due to the variation in flow pattern with changes in
both gas and liquid flow rate, it was not possible to deter-
mine the exact effect of fluid flow rates, G and QL on slug
frequencies. Figures 177 and 18 show that the mean frequency
decreased with increasing G for Qr, = 30 cc/min. Howeve;, at
some liquid rates, as in figure 23), the variations of F were
unpredictable, e.g.,with heavy paraffin oil, frequencies at
Qq, = 60 cc/min first decreased with increase . in G but then
started to increase at the high gas rate. Increase in QL at
constant G also tended initially to decrease slug frequencies
but at higher Qq, the trend was reversed. Consequently any
correlation similiar to that proposed by Scott and Gregory-: -

('70) for horizontal fully developed slug flow was not possible.

A-4. vVoid Fraction

The effect of H on slug frequencies was also confirmed by
the gas phase void fraction o measurements as in figure 24
which exhibited a maximum for absorber lengths in the neigh-
bourhood of H equal to about 25 cm. This was essential as at
constant gas and liquid rates, when frequencies decreased,
the slug sizes would increase which would then increase the

gas phase void fraction. As expected, in figure 25!, a also
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increased with increase in G but decreased as QL and Dp

were increased.

From the results of o, as noted previously, the pressure
drop APg of the slug flows due to the weight of contents in
the absorber could be calculated and related to the total

pressure drop APqn of the slug flows by equation (II-10) as

APT APg + AP,

pL(l—a)H + pgaH + APw

Where AP, is the pressure drop due to wall friction.

As reported by previous workers (5,45,46), APg at high
gas rate and long absorber was:c found to be generally greater
than the experimentally measured APp with the results that
the magnitude of AP, became negative. This was considered as
described previously to be the result of ligquid backflow in
the regions between the tube walls and slug surface, which

results in wall shear stresses acting opposite to the usual

sense.

A~-5. Slug Shape, Slug Length and Slug Separation Distance

5-a. Slug Shape

It was found that the slug shape was influenced mainly
by gas and liguid flow rates and absorber diameter. At low
gas rates and high liquid rates, the slugs were generally
less then 1.0 cm in length and approximated spherical caps,
figure 26.uUnder these conditions,the slugs tended to chain
together while rising up the absorber with no coalescence.

In the majority of the runs, slug lengths were greater than



SCHEMATIC REPRESENTATION OF SLUG SHAPES

0 0.1 0.2 0.3
Scale | ] | ] cm Dp = 0.793 cm

Spherical Caps Slug Length < 1.0 cm

Bullet Shaped Slug Length > 1.0 cm

£ cm
0 ~ o o~ -—
Figure 26

M



- g4 -

1.0 cm and the slugs characteristically bullet shaped, com-
prising a spherical frontal nose and cylindrical tail, see
figure 26. The bottom of the slug was slightly curved convex
as shown.

The radial distance r; of the bullet shaped slugs in-
creased with increase in absorber diameter Dp. figure 27.
In addition, r; was found to decrease slightly with liquid
viscosity U but was virtually independent of the gas and
liquid flow rates. In comparing the shapes of the slug fron-
tal zones, the nose radius was not satisfactorily represented
by Taylor equation, ry, = 0.75R. The actual frontal radius of
the slugs was in all cases much smaller than 0.75R._Values

prg R? 8 029 pp3

of the parameters (,——E——— ) x (1 - ﬁg)Z and

by Brown (32) and White and Beardmore (33) were calculated

proposed

and they were in the order of 2.5 and lO4 respectively, in-
dicating that the viscosity and surface tension effects could
not be neglected (appendix 4-A). Also the values of the group
2R{l4.5(pL29 )/hiﬁ%gwere calculated and found to be around 31.
This value is much smaller than the minimum value of 60 pro-
posed by Brown (32) as a criterion for potential flow around
the slug nose to take place. The deviations of slug nose
radii from the Taylor equation can therefore be considered

to be due to the effect of uj and o on slug shape. In an
attempt to account for the effect of Uy on r, a plot was

made of r; /R, versus Q/Rcas has been suggested in the litera-
ture (32), where % is the vertical distance from the slug

head and Ro = R - &5 with 8, as noted previously being the
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equilibrium laminar liquid film thickness at the trailing
end of the slug. A single curve for all the data was ob-
tained as shown in figure 28. The nose radii of the slugs
were well respresented by radii, ro = 0.855 Ry compared to
the previous result of ry = 0.75 Ry by Brown (32). This can
be attributed to the effects of viscous flow around the slug

nose and surface tension in the relatively small diameter

tubes used.

5-b. Slug Lengths and Separation Distances

It was found that the slug length was not an unique func-
tion of the operating variables, system variables and
absorber geometries, a wide variation in slug lengths being
observed, see figures 29A and 29B. The mean slug length fs,
however, was found to vary regularly with gas rate, figures
30A and 39B. They showed that there was an approximately
linear increase in fs with gas rate over the range studied.
The results also showed that with the heavy paraffin oil,
slug sizes were almost double the slug sizes formed with
the light paraffin oil. Lg was in the range of 0.5 to 4.5cm.
The results of fs calculated from the frequency data by
equation (2-8)of appendix 2-A closely compared with experi-

mentally measured L_ values, Table 5.
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Table 5

Comparison of Calculated and Measured Mean Slug Length fs

Dp = 0.793 cm

H = 15 cm

G Qg Ls meas. Ls calc.
cc/min cc/min cm cm

Heavy Paraffin Oil

165 30 1.10 0.94
245 30 1.84 1.70
326 30 3.10 2.66
326 60 1.56 1.83

Light Paraffin Oil

245 30 1.86 1.81
245 60 1.19 0.92
326 30 1.86 1.65
326 60 1.66 1.70

Slug separation distances Lp which determined whether
the slugs would pair while rising up the column are shown in
figure 3l. The Lp values ranged from 0.175 cm to 1.4 cm and
largely depended on the absorber diameter Dy It was found
that if two slugs were separated by a distance less than that
indicated by line AB, pairing would take place usually accom-
panied by coalescence. This critical separation distance was
about 0.25 absorber diameter and was apparently not affected
by fluid flow rates. It would appear therefore that the wake
effect in this study only extended to the distance of about

0.25 Dp from the rear of the leading slug, consequently for

y |
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slugs separated by a distance greater than this wvalue, the
trailing slug would not be influenced by the wake and there-
fore no pairing took place. Griffith and Moissis (29) also
reported that the wake effect was very much reduced once the
viscosity effects were significant and the critical separation
distances were found to be less than one tube diameter. As
viscous liquids were employed in this study, variations of
liquid viscosity from 40 to 142 cp did not show any apparent
effect on this critical separation distance. In addition, it

was also found that Lp generally increased with increase in th

the leading slug length or gas flow rate G, figure 32.

A-6. Slug Surface Areas and Slug Volumes

Slug surface area A; and volume Vg were evaluated numeri-
cally and found to increase almost linearly with the slug
length as illustrated in figure 33. It was also found that
the volume Vg of long bullet shaped slugs were very well cor-
related by the empirical formula, Vg = Ap(aVLs—bVDp) (V=-43)"
which was initially suggested by Dumitrescu (1) for slugs
rising in an inviscid liquid. Ap is the cross section area
of the absorber while a,, and b,, are constants. The compari-
son of the predicted and experimental Vg values were illus-—

trated in Table 6.

=

|
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Table 6

Comparison of Predicted and Experimental Vg

Dp cm Lg cm Vg cm3 Vg cm3 Dev.% a,, bv
(measured) (predicted)
1.000 0.59 0.193 0.201 4.10 0.596 0.096
1.00 0.386 0.392 1.58
2.00 0.859 0.861 0.20
3.00 1.332 1.329 -0.20
0.793 0.50 0.096 0.098 2.19 0.552 0.096
1.00 0.233 0.235 0.70
2.00 0.507 0.508 0.10
3.00 0.782 0.781 -0.08
0.594 0.50 0.055 0.055 1.63 0.508 0.092
1.00 0.125 0.126 0.51
2.00 0.267 0.267 0.00
3.00 0.408 0.408 0.00
pev. = 5 pred.” Vs meas. 40,

VS meas.

surface areas and volumes were affected by both system
properties as well as operating variables. The mean slug
surface area Ag and volume Vg,calculated by equations (2-4,
2-5, 2-6) of appendix 2-A,were clearly related to the mean
slug length fs and frequency F and could not be satisfac-
torily correlated. Ks and Vg values did however increase with
increasing gas flow rate, absorber diameter and absorber length

(H<25cm) , gas phase density and liquid viscosity but generally



decreased with increase in liquid flow rate. Although XS
and Vg were strongly dependent on F or Lg, the ratio (Ag/V,)
was found to be insensitive to F or fs, i.e., the values of
(Ag/Vg) for Lg values of 0.56, 1.5 and 3.5 cm were 10.9, 8.0
and 7.3 cm~ ! respectively.

These (Ag/Vg) ratios were required for calculation of
mass transfer coefficients when effective mass transfer areas
are unknown and plots of ln(Ag/Vg)versus H are shown in
figure 34. The ratios decreased at first exponentially with
H until it assumed an almost constant value for H greater
than 20 cm. Each curve was then considered to be made .up of
two independent parts. One part was assumed to be independent
of H and the other part dependent on H. The ratios were then cor-
related in the forms such that (Ag/Vg) = A(Xs/Vé)H + (Ag/Vg)
in which A(KS/VS)H and (XS/VS)C were dependent and independent
of H respectively, see appendix 4-B. The dependence of the
ratios on gas flow rates, liquid flow rates, absorber dia-
meter and liquid viscosities were determined. The final cor-

relations obtained are given below :

Correlations of (Ag/Ve)

Q1, =30 cc/min

<|Tm»|

-2
) = 18.5 - {10.7 Dp - 2.25 X 10 "y x (Dp - 1.15)

+ 0.46 Gg(l1.0 — 0.0025u.)}

-2.9 -0.17 -0.18H
4+ 0.49 x lO3 GS uL e

(V-44)
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QL = 45 cc/min

A

S -3
(—) = 16.0 - {8.3D, + 9.2x10 wu. + 0.33G.(1.0 - 0.0037u_)}
Ve P 1. s L
3 -2.8 -0.8 -0.18H
+ 3.32x%10 Ggq Uy, e ”
(7-4%5)
Q = 60 cc/min
(—) = 17.8. - {9.0Dp - 1.1x10 "y (Dp - 1.02) + 0.57Gg}
Vv
s
3 -3.9 -0.4 -0.15H
+ 3.35 x10° Gg Uy e
@r=4%)
Ag
If (—) is assumed to be independent of QL :
v
S -

s -3
(—) = 16.0 - {8.3 D, + 9.2x10 “uy + 0.33Gs(l.0—0.0037uL)}
v
s
3 _-4.1 -0.57 =-0.11lH

+ 4.3x10 GS My, e KV347?
where Gy = G/60 (cc/sec)

The maximum deviations between the predicted and experi-
mental values were found to be of the order of * 2.5% for the
first three correlations and *6% for the fourth one as in
figure 35.

These correlation though based on mean slug frequencies

F, were also found to correlate point ratios (Ag/Vg) when

point frequency data were used, Table 7.
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Table 7

Comparison of Calculated and Experimental Point (A /Vg), Yalues

Dp = 0.793 cm

H G ' QL, (As/Vlexpt. (AS/VS)eguat.(V—BS) Dev
cm cc/min cc/min cm cm—1 2
15 165.0 30.0 10.46 11.02 . =5.35
25 165.0 30.0 8.40 9.29 -10.37
15 245.0 30.0 7.54 7.54 0.00
25 245.0 30.0 8.29 8.88 -7.07
15 326.0 30.0 7.61 7.64 -0.43
25 326.0 30.0 7.61 7.67 -0.86
15 165.0 45.0 9.33 9.71 -3.99
25 165.0 45.0 8.59 8.84 -2.89
15 245.0 45.0 7.92 7.92 0.00
25 245.0 45.0 7.92 8.30 -4.71
15 326.0 60.0 7.61 7.61 0.00

(Ag/Vs)expt.” (Rs/Vs)calc.
Deviation = P X 100%

(AS/VS)expt.

In addition, the correlations also fitted the (Ag/Vg) data

for helium and Freon-14 carrier gases.

A-7. Slug Rise Velocities

Slug rise velocities Ug were found to be virtually in-
dependent of slug length as illustrated in figure 36 and con-
sequently the data were not subject to the scatter observed
with the frequency and slug length measurements. The velo-

cities of non-coalescing slugs were in the range of 15-40cm
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per sec and functions of fluid flow rates, absorber diameter
and system properties. In addition, they were also observed
to be slightly dependent on the slug position at low values
of Z and decreased slightly with increasing the absorber
length H, figure 3%. The initial dependence of Ug on Z can

be attributed to an entrance effect and disappeared as the
slugs travelled up the tube for Z greater than about 8 cm.
The wariationsiincrise velocéitytdue. . to-the slug. expansion were
found to be negligible and any slight reduction in slug rise
velocity with H would arise due to the changes in gas phase
void fraction o which increased with increase in H.

As would be expected, figure 28 and figure 39, rise ve--
locities increased with increasing gas and liquid flow rates
but decreased with increase in gas phase density and absorber
diameter. Rise velocities also increased with increase in Uy -
The dependence of Ug on Pg can be considered to be due to the
variations in gas phase void fraction rather than gravitational
effects as can be also seen from the relationship Ug = Gg/QAp,
void fraction increasing with increase in pg. With ug, the
increase in Ug can be taken to be due to the effect of Up, on
8§os the equilibrium laminar liguid film thickness. Increase
in Ur increasing 60 has been reported previously (9). Similar
effects of M have also been reported by Griffith (3) on slug
rise velocities in cold and hot water.

A comparison was made of the experimental Ug and those

predicted by the correlations of previous workers for fully

developed flow. These workers have used equations having the
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following form :

Ug = ClUL + Co(g Dp)li (II<2)
G + QL
|8) Co (g 'P,) 2
s o ¢
or —_— = Cl + — P (V- 48)
UL Uy,

As shown in appendix 4-C, when the experimental (US/UL) were

plotted against (g‘Dp)%/UL, the agreement was poor and it

showed that in addition to Dp, G and Q;,, the effects of Ur, v

g, pg and H on Ug have to be taken into account.

Slug rise velocities have been found to be arunigue--fanc-
tion of the slug frontal geometry or radius r, (5,9) which
was in turn the function of o, Uy, r Dp and Uy, (35,36). In un-
stable slug flows, ro would be further affected by the varia-
tion of G, Qy, and H. As decribed in appendix 4-C, Co in equa-
tion (II-4) can be expressed as 4(2;8)1‘5 where T = r /R,

Re = R - 8o and B = (RC/R)Z. Further from the work of Street
(36), B was found to be the function of the liquid Reynolds
number, Froude number, Weber number and Ry, = G/QL. If the
effects of H and Py OB Ug were accounted for by the dimension
less groups (H/Dp) and (pg/pL), an empirical correlation for

Ug can be written as :

£
Uy + {kgNpe (L-—) NN )¢ E) (g Dp) = (V-49)

s 1L Fr We

D
v PL P

C, was evaluated by a trial and error method, the minimum

deviation being obtained for a value of C4 equal to 1.2 while
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the constant a®, b, ¢, d, e and f by linear regression method.

The final correlation for Ug was :

= - -0.8,,0.5 -0.1
U, = 1.2U;, + {0.098(1-1/R,) Nee Npp

-0.16 -0.1 % .
(pg/PL) (H/Dy) } (gDp) (V=50

with the mean square deviation of 1.86.

In equation (Y<5¢)), the fact that C, was virtually in-
dependent of NRe over the range of this study was not surpri-
sing as Ug have been found to vary only slightly as u; varied
from 40 to 142 cp. The decreasing effects of (].—l/RV)“o'8
which approached to 1.0 as R, increased have also been reported
by Griffith (3), Nicklin (5) and Brown (9). This is because
at higher flow rates, §, which affected L becomes virtually
independent of U; (9). The group N%és N;g'l increased with
decrease in o and it can be shown that when the values
of ¢.are decreased, C, approaches the literature value of 0.35
once the effects of Ry pg, uL and H are allowed for, see
figure 4-4 of appendix 4-C.

Although equation (¥=%50) was obtained from the rise
velocities data of non-coalescing slugs, it could . be =
approximated as a general correlation for the mean slug rise

velocity Ug of all the slugs with U, = Gg/ohy as Ug values

were closely compared with Ug values, Table 8.



Table 8 _

Comparison of Ug and Ug

H = 15 cm
Dp = 0.793 cm

System : n—-Hexane-Nitrogen-Paraffin 0il

G cc/min Qp, cc/min Ug cm/sec Uy cm/sec

Heavy Paraffin Oil

165 30 14.00 15.88

60 20.53 18.76
245 30 21.92 21.86
60 23.29 22.68
326 30 27.30 26.90
60 28.76 25.60

Light Paraffin 0Oil

165 30 15.40 16.77
60 17.30 16.88
245 30 19.95 20.58
60 23.30 22.87
326 30 24.80 27.60
60 28.02 28.60

Further equation (v=3%) also correlated the rise velocity
data when no mass transfer took place, figure (4-3) of appen-
dix 4-C. Unfortunately,there .were no existing experimental
data measured under the similar flow conditions repobhted ie.
tthe lhbteratutd that wolddeHave -allowed a further .check-of

.equation. (v-50) to be made.



Some specific rise velocities of the trailing slugs
rising in the wakes were also measured and shown in figure
40, as the function of separation distances between the
trailing and leading slugs. The trailing slug did in fact
as reported by Griffith and Moissis (29) accelerate and

catch up with the leading slug.

A-8. Liguid Mixing Characteristics

Liquid and slug Reynold numbers defined as (DpUrpp/ug)
and (DpUspL/uL) (3) in this study were calculated. The values
were found to be less than 10 and 200 respectively indicating
that the fluid flow behaviour was characteristically laminar.
Nevertheless, due to the relative motion of the slug and liquid
phags, induced liquid mixing took place at the rear of the gas
slugs.

On injection of the red merian oil into the liquid flow,
coloured stream lines were established which were observed
to flow around the slugs until reaching the rear of the slugs
and then depending on separation distances, the following
results were observed, see figure 41. When separation dist-
ances were large, mixing of - the liguid behind :the’ slugstook
piace;thg.dégrée’ofnmigingfﬁéingadepéndentqonfthe figuid:phase
viscosity.With ‘lightrparaffin 0ils thealigqonidaini thdsiregionnyas

relatively well mixed but with heavy paraffin oil, mixing
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VARIATION OF TRAILING SLUG RISE VELOCITY Ug

WITH SEPARATION DISTANCE Lp

System : n-Hexane-Nitrogen-Heavy Paraffin Oil
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was not complete. On merging, the stream lines flowed to-
gether before separating again as shown in case 41-A.

As the separation distances became smaller, the degree
of mixing was reduced until finally for very short separation
distances there was virtually no liquid mixing behind the
slugs.

Back mixing of the liquid phase due to the relative m
motion of the slugs and liquid plugs was also observed by
the introduction of a small piece of cork into the entrance
region. The movement of the cork showed that in the entrance
region the liquid phase could be considered well mixed for
both heavy and light paraffin oil. The time tg¢ taken by the
cork to travel through the absorber length was measured and
compared with those with no back flow, t; or H/UL. The
results of (tg/t;) were plotted against liquid rate Qg in
figure 42-. (tg/ty) would be 1.0 if no bagk-flow occured.
Similar observations have also reported by Beek (11) . How-
ever, the values of (tg/ty) in figure 42 can only be consi-

dered qualitatively as at times the cork did tend to adhere

on the wall.
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EFFECT OF LIQUID BACK FLOW ON LIQUID RESIDENCE TIME

System : n-Hexane-Nitrogen-Paraffin Oil

G = 326 cc/min

BACK FLOW

0 20 40 60 80

Liquid Rate cc/min.

Figure 42
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Vv-B. Mass Transfer Characteristics

B-1. Overall Mass Transfer Efficiencies

Overall efficiency Egqp data were obtained for the absorp-
tion of hexane from inert carrier gases into paraffin oils
and the effect of varying gas and liquid flow rates, system
properties, absorber length and diameter studied. The majority
of the runs were carried out with nitrogen carrier gas, a
complete range of variables being studied, with helium and
Freon-14 more limited range of variables was investigated.
Typical results are shown in figure 43 for the absorption of
hexane from nitrogen into light and heavy paraffin oils and
figure 44 for the absorption of hexane from helium and Freon-
14.

The efficiency values obtained were high ranging in value
from 0.85 to 0.99 for the light paraffin oil and from 0.79
to 0.96 for the heavy paraffin oil. The efficiencies incre-
ased with increase in contact time and absorber length as
would be expected, but with the heavy paraffin oil distinct
discontinuities in the Egpp curves were observed. The break
in the curve corresponded quite closely to the minimam found
in the F versus H curves as discussed previously. Thus, appar-—

ently the variation in slug surface area affected the absorp-
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VARIATION OF Eqp WITH CONTACT TIME ez AND ABSORBER LENGTH H

System : n-Hexane-Nitrogen-Paraffin Oil
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Figure 43
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VARIATION OF Enq WITH CONTACT TIME ez AND ABSORBER

LENGTH H FOR DIFFERENT CARRIER GASES
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tion efficiencies such that the efficiencies were no longer

a continuous function of absorber length H. This break was
however not really apparent when light paraffin oil was used
for two reasons, the changes in slug surface area with H were
not as pronounced and the high absorption efficiencies for the
light oil tended to reduce the magnitude of any discontinuity.

Mass transfer efficiencies were also found to be affected
by changes in liquid and gas phase physical properties. Egqp
values are reduced with increase in liquid phase viscosity,
figures £3,4%4 but increased with increase in gas phase diffu-
sivity. Also observed was a definite effect of inlet gas phase
composition on Eqq,the values increasing as the inlet gas phase
hexane composition was raised from 0.023 to 0.0793 m.f.,figure
45B.

Flow rates also influenced absorption efficiencies, with
increase in gas rate Egnq values falling, this was particularly
noticeable with the heavy paraffin oil. With change in liquid
flow rate flow patterns were affected and the true influence
of liquid rate on mass transfer rates was not readily dis-
cernible, especially with the light paraffin oil. In general
the trend with increase in liquid rate was for Egp to increase,
see figure 45A. This effect however decreased with increase
in absorber length H.

The,EOTlvalues indicated that end-effect mass-transfer
was high though less than had been observed in previous stu-
dies (12). End-effect mass -transfer was influenced by absor-

ber diameter Dp and as a result the effect of Dp on overall
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EFFECT OF LIQUID RATE Qy AND INLET HEXANE

CONCENTRATION y__ ON Egp
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mass transfer efficiencies was not clear, the trend was for

EOT value to increase with increase in Dp but intersection

of the curves took place, figure 46.

B-2. Rise Period Mass Transfer

2-a. End Effect Mass Transfer

It was necessary to estimate end effect mass transfer
before overall mass transfer coefficients in the rise period
could be evaluated. Plots were made of -1ln(l-Egp) versus 8,.
Theoretically for constant Kpg and A, these plots would
yield straight lines but as Kpg and A, were functions of H,
straight lines plots did not result, figure 4%7. The curvature
was more pronounced for the heavy paraffin oil as would be
expected from the frequency measurements and the discontinu-
ity found in the Egp curves was also observed. It was found
that the lower portions of the curves for H less than about

25 cm could be fitted with ancegaaidonhhdvigg:-theffowxm as
~in(l - Egr) = do + d;0,/(1 + d;6,) (V-51)

while the upper portion for H greater than about 25 cm by

where do' dl’ d2, bO and bl are constants.

In the latter case by, d4id not signify the end effect
mass transfer but correspond to the mass transfer taking
place in the zone represented by equation (V-51). End effect
mass transfer efficiencies were estimated from the intercept

at 6, = 0.0 from equation (V-52) and are shown in figures 48,
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EFFECT OF ABSORBER DIAMETER D, ON Egg

System : n-Hexane-Nitrogen-Paraffin Oil
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VARIATION OF ‘-ln(l-Eo'T‘)‘ WITH CONTACT TIME 6 2
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49 and $0. Ep values ranged from 0.57 to 0.95 being lower
than had been observed in the initial studies (12).

End effect mass transfer with light paraffin oil was
higher than with the heavy paraffin oil, figure4g8> and can
be attributed to either greater liquid turbulence at forma-
tion or as a result of the smaller slug sizes in the forma-
tion zone. Eg values decreased with increase in gas rate but
increased as the liquid rate was raised, the magnitude of
this effect being however dependent on the gas flow rate.

End effect mass transfer did not apparently appear to be as
dependent on inlet gas phase concentration as rise period
mass transfer. Only at the highest gas rate with the light
paraffin oil and the lowest gas flow rate with the heavy para-
ffin oil was a distinct effect of gas phase concentration
observed. Ep values also increased with increase in gas phase
diffusivity the result being similar to those observed for

the overall efficiency data, figure 49,

In addition, although the data were scattered, end effect
mass transfer was reduced as the absorber diameter was in-
creased, figure 50, probably due to increase in slug size
and longer contact time. These results were consistent with
the data reported by Porter (18) who found that the formation
end effect mass transfer decreased with increase in slot free

area of the sieve plate.

2-b. Overall Mass Transfer Coefficients, KggRe_and Koghe

KogRe values were calculated using equation (III-17)
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EFFECT OF FLUID FLOW RATES AND INLET GAS PHASE

CONCENTRATION ON END EFFECT MASS TRANSFER

System : n-Hexane-Nitrogen-Paraffin Oil
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END EFFECT MASS TRANSFER EFFICIENCY FOR DIFFERENT

CARRIER GASES
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VARIATION OF END EFFECT MASS TRANSFER

QEFICIENCY WITH ABSORBER DIAMETER

System : n-Hexane-Nitrogen-Paraffin Oil
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8z KogReF
-ln(l - Egq) = j; __E;—_ dez - ln(1 - EE)

0
Average values KSEK& were evaluated directly from contact
time, frequency and efficiency measurement while point wvalues
KogAe can be calculated from the slopes of -1ln(l-Egpp) against
8, curves as described in chapter III. The effect of contac-
ting height or absorber length on KpogAg at different G and Qp
values is shown in figures 51, 52, 54 and 55. The increase
in KogRe and Kgghe values with H can be attributed directly
to the changes in slug surface area Ag with H, KogRA, Vvalues
fell corresponding to the reverse effect of H on Ag for
H > 25 cm, figures 5% and 54. Both KyzA, and Koghe Vvalues
increased with G but were generally reduced with increase
in Q- Further, they decreased with increase in liguid phase
viscosity, figure 52. The curves of slug surface area Ag
versus H are shown for comparison in figure 38, showing that
the variation of Ag with H was similar to the variation of
KogAe with H. However, although the curves were similar in
shape, the magnitude differed,i.e.a 45 peércent increage in.Ag only
resulted in a 24 percent increase in Koghg- This indicated
that in all likelihood the surface area of the slug was not
equally effective to mass transfer and that the mass transfer
coefficient itself was decreasing with it. In a few cases,
opposite effect of H on Kpglhe values was observed, that is
KogAe decreased slightly with increase in H. This can be

accounted for by the fact that in these runs the increase
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VARIATION OF OVERALL MASS TRANSFER COEFFICIENT

KogRe WITH ABSORBER LENGTH H

System : n-Hexane-Nitrogen-Heavy Paraffin Oil

G = 326 cc/min

5 10

15 20 -

Absorber Length H

Figure 51

Yon=0.053 m.f.
Dp=0.793 cm
O Q=30 cc/min

D Q=45 cc/min
A Q;=60 cc/min

25 30 35

cm



(g-mole/sec atm)

KogRe

xiO

0

0-8

- 118 -

.EFFECT OF LIQUID VISCOSITY ON OVERALL

MASS TRANSFER COEFFICIENT KnnA,

System : n-Hexane-Nitrogen-Paraffin Oil
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VARIATION OF SLUG SURFACE AREA Ay WITH ABSORBER LENGTH H

System : n-Hexane~-Nitrogen-Heavy Paraffin Oil
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in A, could not compensate for the decrease in mass transfer
coefficient.

The flow pattern measurements indicated that the inlet
gas phase hexane concentration y,, had no effect on Ag, but
there was an influence of inlet hexane concentration on mass
transfer rates, figures 54 and 58, KpgRe increasing with in-
crease in y,,. The effect of y,, was even more marked, figure

58, for light paraffin oil which was not expected.

2-c. Overall Mass Transfer Coefficients Koga and Koga

Although previous investigations have reported mass trans-
fer coefficient as a product of the overall mass transfer co-
efficient and the effective area, the results obtained in this
study were rather difficult to interpret, the continually
changing slug area resulting in changes in Kgg and ESE with
H. In an attempt to resolve this problem, the mean and point
mass transfer coefficients KSEKé and Kpghg were then divided
by the corresponding total slug surface area Ag and Ag as
discussed previously, Chapter III and the mass transfer co-
efficients reported as Koga and Kyga where a and a were
ratios of effective to total slug surface area.

Figure 5 show plots of mass transfer coefficient
values Kpga versus H corresponding to the curves previously
plotted for KggAe- The results were more consistent, the Kgga
and Kogd values showed a continuous decrease with increase in
H for both heavy and light paraffin oils, figures 56-%&. It
is interesting to note that, figure 56, the Kpga data tended

to fall on a single curve with Kpga remaining constant or
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EFFECT OF INLET HEXANE CONCENTRATION y,. ON

OVERALL MASS TRANSFER COEFFICIENT‘KOGAé
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VARIATION OF OVERALL MASS TRANSFER COEFFICIENT
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increasing slightly with H for H value greater than about
25 cm. This could be anticipated from the frequency measure-

ments.

Both Kgga and Kyga values always increased with increase
in gas flow rate G but the effect of liquid flow rates was
dependent on the flow patterns, the general tendency being
for increase in liquid flow rates to reduce mass transfer rates
at lowest and intermediate gas flow rates and increase the "mass
transfer rate at highest gas'rate. With the heavy paraffin
oil, figure 57, no effect of Q; was found at the lowest gas
rate and a pronounced effect at the highest gas rate. With
light paraffin oil, figure 58, ﬁaaa values however tended to
scatter. For the smallest and intermediate gag £dew rates,
there were great reductions of Rgga values when Q increased
from 30 to 45 cc/min and little effect of Qy from 45 to 60
cc/min while at the highest gas rate the effect of Q, was
again pronounced. These variation of KBEE'with Q;, at differ-
ent gas flow rate can be attributed to the variation of slug

sizes and development of chain flow pattern at the higher

liguid rates.

The variation of both point Kyga values and average Kpga
with H is shown in figure 59, average values lay well above
point values illustrating in particular the reduction in mass
transfer rates with H. The effect of inlet gas phase hexane
composition y,, was again apparent, Kgsa values increasing
with increase in y,, although with the light paraffin oil

scatter of the data was observed, figure 60- The effect of
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VARIATION OF OVERALL MASS TRANSFER COEFFICIENT

Koga WITH ABSORBER LENGTH H

System : n-Hexane-Nitrogen-Heavy Paraffin Oil
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VARIATION OF OVERALL MASS TRANSFER COEFFICIENTS

Kog?2 WITH ABSORBER LENGTH H
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COMPARISON OF MEAN AND POINT OVERALL MASS
TRANSFER COEFFICIENT Kgga_AND Koga
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system properties is well shown in figure S&Jfor plots of
Kog?d with H for the three different carrier gases into the
two paraffin oils, the rate increased, as would be expected,

with increase in gas phase diffusivity.

2-d. Effects of Flow Patterns

The effect of flow pattern on mass transfer rate can be
seen from the results obtained from.variation of both gas:-
and liquid flow rates, figures 57 and 58. For any particular
liquid flow rate:;, ESEE values increased with increase in G.
Several factors must be considered,the increase in slug size,
increase in interfacial velocity and effect of slug separation’
distances. Theoretically, the effect of increases in slug size
and interfacial velocity on Kgpg oppose each other, that is
increase in slug size would reduce Kpg and increase in inter-
facial velocity would increase Kpg. Hence the latter effect of
slug separation predominated as can be seen from the results.
Thus Kgga and Kpga values increased with G due most likely to
the increase in liquid mixing between slugs when separation
distances increased with increase in G .as was observed in the
separation distance measurements and liquid mixing studies,
figures-3land 41. i -« 4-F

An opposite effect was normally found when liquid rates
were increased. Under these circumstances, for both paraffin
oils, slug sizes and separation distances were observed to
decrease ‘resulting in the decrease of liquid mixing between
slugs and the establishment of chain like flow pattern which

resulted in a comparatively large reduction of transfer rates
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and effective surface areas. This is shown in figure 54

and 58 by the large reduction in ESEE values with the light
paraffin oil at intermediate and low gas rate when Q; was
increased from 30 to 45 cc/min. Once chain flow patterns

were established, the effect of Q; was relatively small. At
the highest gas rates, when QL increased, slug sizes decreased

but however slugs did not chain and so K,.a increased with

increase in QL.

The influence of slug separation distances on mass trans-
fer rate is also shown by the variation of Kpga values obtained
for the different diameter absorbers. In figure 62, Koga values
increased with increase in Dp where as theoretically very
little effect of Dp should have been observed from the effect

of D, on both interfacial velocity and slug size, Table 9.

Table 9

Theoretical Effect of Dp_on Overall Mass TranSferiEoeffibsenksr

H = 15 cm
Q;, = 30 cc/min

System : n-Hexane-Nitrogen-Paraffin Oil

Paraffin Oil Dp cm G cc/min Kog g-mole/sec cm?atm
Heavy 0.594 326 0.391x10 %
0.793 326 0.393x10
1.000 326 0.400x10 "
Light 0.594 326 0.500x10"%
0.793 326 0.671x10 %

1.000 326 0.620x10" %
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VARIATION OF OVERALL MASS TRANSFER COEFFICIENTS
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This appreciable increase in experimental Kog2 values with

increase in Dp can then be attributed to the effect of Dp

on flow pattern as evidenced by the increasedgsepasation=: !

distances, figure 3l

It is possible to qualitatively consider the effect of

slug coalescence on mass transfer rates. From figures 5&%%3,

Kgga and Kpga values for the lower portion of the absorber
were always appreciably larger than the values found for up-
per portion of the absorber and for H > 25 cm. This could be
attributed to two effects the smaller slug sizes in shorter
absorbers and the effect of slug coalescence which took place
generally in the lower portion of the absorber, see figure 1J.
From the studies of Rennie and Smith (71) and Shah and Sharma
(72) , coalescence of bubbles increased mass transfer rate due
to the violent oscillation of the unstable bubbles. But, in
this study, oscillation in the bubble surface would be res-
tricted due to the viscous liquid media. As shown schematically
in previous figure 13, the process of slug coalescence con-
sisted of three stages, slug pairing, slug breakage and forma-
tion of new slug. The second stage would enhance mass transfer
whereas the first and third would reduce mass transfer. Conse-
quently it can be considered that under the present contacting
conditions, slug coalescence probably did not increase mass
transfer rate to any great extent. No effect of bubble coales-
cence on mass transfer rate has also been reported by Calder-
bank (73). In fact, it was found, -in the later section, that

the variations of theoretical Kgg values for fully developed
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flow with H closely resembled those of experimental Kpsga
with H.

2-e. Influence of Gas Bhase Concentration on Kpga

As noted previously the inlet gas phase concentration
influenced rise period mass transfer rates, figure 60. This
would have arisen due to either an increase in ESE or an
increase in a. A significant increase in a with concentration
was however unlikely as flow characteristics were not influ-
enced by the inlet gas phase concentration and viscous liquid
media used, while lean gas mixture were employed so that in
the rise period any reduction in slug size due to mass trans-
fer was negligible. It would seem then that the actual Ko
values were affected by the change in gas phase concentration.
The individual gas phase coefficient kg would hardly be expected
to be affected by concentration both from theoretical point of
view and data reported in the literature (74,75) . Consequently
it was likely that the liguid phase coefficient k; was affected.
This influence of concentration was probably due to concentration
effects on interfacial physical properties. Calculations show
that based on cup-mixing concentration bulk changes in the
liquid phase concentration would result in negligible concen-
tration effects. Interfacial concentrations were calculated

based on the two resistance theory,figure 63 and could result

in changes in liquid phase physical properties, Table 30.
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Table 10

Effect of Hexane Concentration on Liquid Phasé.Physical

Properties
Hexane Concen-— Pg, Hy, c Dy,
tration m.f. g/cc cp dymes/cm cm/sec

Heavy Paraffin Oil

0.00 0.8806 142.0 37.0 0.115x10 >
0.02 0.8787 135.1 37.0

0.05 0.8768 125.5 36.7 0.143x10 >
0.10 0.8720 89.4 36.3 0.179x10 >

Light Paraffin Oil

0.00 0.8587 40.2 35.0 0.364x10 >
0.02 0.8570 39.5 35.0

0.05 0.8549 38.9 33.7 0.429x10 >
0.10 0.8520 37.6 33.5 0.507x10 >

Py,r uL and o values were measured experimentally while Dy
values calculated from equations as proposed by Wilke. and Lee
(76) Caldwell and Babb (77) and Dullien (78) -

Kog values calculated using interfacial properties i.e.
D; show that a variation of transfer rate due to the large
differences between interfacial and bulk phase physical pro-
perties was possible, figure (64) , but cannot account fully
for the effects of yon observed. Further, as can be seen from
Table 20,the biggest change took place in the ligquid phase
viscosity of the heavy paraffin oil and therefore if the vis-
cosity of the liquid at the interface was reduced the laminar

sublayer would be effected and ligquid phase mass transfer co-
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efficients would increase due to an increase in interfacial
mobility (63,64). The surface tension gradients at the inter-
face as the results of mass transfer would be expected to be
small from the variation of surface tension with liguid com-
position and no surface unstabilities were observed. The work
of Zuiderweg and Harmens (24) showed that when the surface
tension at the interface decreased with mass transfer, bubble
coalescence normally took place and in some circumstances has
been considered to increase mass transfer though no change in
mass transfer rate with coalescence in bubble. clouds due to

the variations of bubble sizes was reported by Calderbank (73).

2-f. Comparison of Theoretical and Experimental Kyg_Values

Individual gas and liquid phase resistance were calculated
on the basis of the penetration theory in both the liquid and
gas phases. The slug overall mass transfer coefficients were
as noted previously evaluated using the two resistance theory
and the results obtained compared with experimental ESEE values,
figures 65 and 66.

The comparison showed that although the theoretical values
followed the same trends as the experimental ﬁggg values the
theoretical values were generally 2 to 3 times greater than
the experimental values for the intermediate and high gas rate
while for the lowest gas rate, predicted Kpg values for the
smallest slug were about 10 times greater than the experimental
ESEE values. This can be attributed in part to the total sur-
face area not being effective to mass transfer as discussed

later and development of chain 1ike flow patterns,but could
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COMPARISON OF EXPERIMENTAL AND THEORETICAL
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also be due to concentration gradient being established at
the interface which would result in an interfacial resistance.
Further work should be carried out in this connection. The
particularly high discrepancy at low flow rates can be pri-
marily explained in terms of the effects of chain flow pat-
terns established, which as noted previously would result in
both drastic reduction of Kgyg and a.

Theoretical and experimental values were also compared
over the absorber length H, figure b&4. Theoretical and ex-—
perimental values again exhibiting the same trends but the
theoretical values Bhowed a reverse effect of gas flow rate,
that was theoretically Koc-decreaéedEWEth.increase in G,indica-
ting primarily the decreasing effect of slug size on mass
transfer rate.

Calculations were also made of theoretical Kpg values
with kg valuesccalcmiatédoonthhebbaéisoéfddffﬁuséoniinaa
spherical cap and cylinder and kj values again on the basis
of penetration theory, see sppeidhxIIIAB—ZLTheeretdbalexeéults
in this case were 10 times lower than the experimental Kgga
values, Table 11,indicating that mass transferx within the

slug could not adequately described by the diffusion model.

Table 11

Comparison of Experimental and Calculated Overall Mass

Transfer Coefficients-— Diffusion Model in Gas Phase

yon

G = 326 cc/min Qp, = 30 cc/min
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System : n-Hexane-Nitrogen-Paraffin 0Oil

Lg KOGa(expt.)2 K G(calc.)
(cm) (g-mole/sec cm atm) (g—mole?sec cm2atm)
Heavy Paraffin Oil w = 2.5 w = 10 w = 25
1.72 1.20x10"° '0.30x10'6 0.31x:Lo'6 0.33x10°°
-5 -6 -6 -6
2.20 0.99x10 0.21x10 0.27x10 0.23x10
3.60 0.86x10 > 0.15x10° 0.16x10 ° 0.17x10 ¢
4.60 0.75x10 > 0.12x10"%  o0.13x107° 0.14x10 °
Light Paraffin Oil
-4 -6 -6 -6
1.35 0.21x10 0.65x10 0.68x10 0.85x10
1.66 0.18x10_4 0.56x10-6 0.58x10 ° 0.72x10"°
- -6 - -6
1.77 0.15x10 4 0.49x%10 0.52x10"%  0.65x10
2.00 0.12x10 2 0.44x10"%  0.46x107° 0.60x10°

W is the - Soumectiben. factor for Dg and would be expected to

be less than 10.0 from previous study in literature (18,41)

2-g. Mass Transfer Areas

An estimate of the effective mass transfer area can be
made assuming that the theoretical Kng values are correct,
i.e. no interfacial effect. In making this assumption, the
effect of gas phase concentration observed experimentally
appeared as an effect on a values. As stated previously, a
was not expected to be appreciably affected by gas phase
concentration and the results of 2 can only be considered
approximate. However, for a fixed gas phase concentration,

the effects of slug size and gas rate on a can be readily

observed, figures 68 ,and 69.
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VARIATION OF SLUG EFFECTIVE SURFACE AREA
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At low gas rate when chain flow characterization were

obtained, apparent effective areas were very low and in the

order of o.1 and less of the total surface area, emphasizing

the differences between the predicted Kog and measured Koga
values. For the light paraffin oil, the apparent effective
areas normally varied from 0.05 to 0.3 of the total surface

area while the corresponding calculated values for the heavy

paraffin oil were from 0.075 to 0.3. Also plotted in the graphs

were the frontal surface area ratios ag where ag = Ry/Ag with
4, 'heing the_slug_ﬁnongalésunﬁaseganea bfighy segmemntlhed- .
ght ‘2. In a 0.793 cm I.D.absorber, 2 is about 0.5 cm when the
curvature of the slug shape is small, see previous figure (272) .
Comparison of the curves showed that at low gas rate when
chains of slugsoo@cnr,E values were much smaller than the ae
values particularly for those with the light paraffin oil
while at high gas rate, a and ag values in some cases closely
coincide, figures 68 and 62. These indicate that the frontal
area might be the most effective mass transfer area of the

slug so that when slugs are in close proximity to each other
mass transfer through the frontal area would be inhibited and
therefore the values of a and Kog reduced greatly. It was

also found that for relatively short slugs at intermediate

gas and liquid rate, the (Kgghe/Rg, 4=0.5cm) values also
closely compared with the theoretical Kgg values based on
penetration theory for prolate spheriods (79) with eccentri-
cities (r;j/0.5) of about 0.6. However, normally the a curves

at G = 326 cc/min lay well above the a, curve for & = 0.5cm
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but intersected a, curve for 2 = 0.8 cm indicating that

mass transfer was taking place not only through the frontal
surface area but through the cylindrical portion of the slug
as well. It would be of great interest to undertake further

study in an attempt to evaluate the effective surface areas.

2-h. Effect of System Variables

h-i. Introduction

From the results obtained, mass transfer rates were found
to increase with decrease in liquid phase viscosity and incre-
ase with increase in gas phase diffusivity. In analysing the
effects of system properties, it was necessary to take into
account any change in transfer rate that arose either due to
change in interfacial velocity or in slug size resulting from
changes in mean slug frequencies. Interfacial velocities and
slug sizes were functions of both liguid and gas phase physical
properties. For example, increase in both gas phase density
and liquid phase viscosity normally resulted in the reduction

of interfacial velocities but an increase in slug sizes, Table

12.

Table 12

Variations of Interfacial velocities, Slug Sizes and Mass

Transfer Diffusivities With System Properties.

H = 15 cm
Dp = 0.793 cm
G = 245 cc/min

Qp, = 30 cc/min
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Caézier gigc‘ ML 2Dg Dy, U; Lg
cp’ cm?/sec cm?/sec cm/sec cm

Heavy Paraffin Oil
He 0.21x10-3 142.0 0.2744 1.15x10"° =-27.2 1.50
N, 1.26x10 > " 0.0813 . -27.8 1.64
Freon-14 3.88x10 ° " 0.0477 " -21.1 1.95

Light Paraffin 0il
He 0.21x10~3  40.2 0.2744 3.66x10 ° -38.2 1.50
N, 1.26x10 > " 0.0813 " -36.0 1.8l
Freon-14 3.88x10 > " 0.0477 " -21.0 0.46

where U; is the final interfacial velocity at the slug surface.

h-ii. Gas Phase Density and Gas Phase Diffusivity

variation of Kpga values with different carrier gases
have been shown in figaxreo6l. .- -I{_Q_G—E'- va'lueT%'éliere Xowestes o ¢
for Freon-14 and highest for helium gas. These increases in
mass transfer rates were apparently due to the increases in
gas phase diffusivities Dg and decreases in gas phase densities
Pg when nitrogen aqd helium gases were used. The effect of
increase in pg was to increase Uj and decrease Lg which would
theoretically increase Kpog values. Hence, in order to study
the effect of diffusivity on the experimental Kogar the in-
fluence of changes in U; and Lg with gas phase densities on
Kpga values had to be determined. Calculations were made to
determine approximately how theoretical Kyg values were in-
fluenced by changes in U; and Ly and the experimental Kgga
values corrected proportionally.

Theoretical Kpg values were first calculated for the
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three carrier gases using experimental Uj; and fs data. A
common slug length of 1.56 cm was chosen and the effect of

U; determined for three carrier gases. U; was then fixed and
the effect of varying slug length calculated. Overall calcu-
lations showed that for the heavy paraffin oil, about 68 and
45 percent of the increases in Kpg values of nitrogen and
helium gases respectively over those of Freon-1l4 were resulted
from the increase in Uj and decrease in Lg while, for the
light paraffin oil, the fractions of increases in Kpg due to

changes in Uj; and fs were in the order of . about -

2é6spectently. Hence, if the effective area a was assumed to

be the same for all gases, the Koga values for nitrogen and
helium gases could be corrected for the effects of changes in
Ui and Ts on the basis of the common conditions as for Freon-
14. The assumption of constant 2 might be valid with the heavy
paraffin oil but drastic changes in slug size between systems
took place with light paraffin oil and the a values would vary.
The correctedvﬁaaz values, Kgéa, were shown in Table 13 and
these values were then used to jllustrate the dependence of

mass transfer rates on vVDg.

Table 13

Koga Values corrected For The Effects of Changes in Uj and Lg

Dp = 0.793 cm
Qr,

30 cc/min

G = 245 cc/min



Heavy Paraffin Oil

H Koga KSE@:
cm (g-mole/cm2sec atm)x10™4
15.0 Freon-1l14 " 0.046 0.046

N, 0.066 0.056

He 0.094 0.080
17.5 Freon-1l14 0.044 0.044

N, 0.063 0.053

He 0.083 0.071
25.0 Freon—14 0.038 0.038

Ny 0.059 0.050

He 0.071 0.060
From the two resistance theory

1l 1 m
or  Koua = (g g - (V=53)

n(Kga) + (L2

where‘Eé and'ﬁl are the individual mass transfer coefficients.
If penetration theory is applicable to the mass transfer me-—
chanism in both the gas and liquid phases,

then ~ 1 L

~ 29
kga = — {28(—) 7}
ORT Ttg

~ eL D1, %
MW Tte
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~ 2.0p; 3 Dy, 1.0
Kogd = —_—(—) x S " %
mw'm 7wt {1.0+(p “RT Dy / (MWem) (1, / Dg )}
(V-54)
o 0.000012768 1
oG = . N
(t)® 1.0 + (0.2766)/(Dg) "}
~ 0.00001276 & 0.2766
ln(Kpga) = 1n % - In(l1.0 + w ) (V=5%)
(Lg) /U4 D

g

If penetration theory described the mass transfer within the
slug, the plots of ln(KSZé) against 1n(1.0+0.2766/Dg%) for

the three gases would then yield straight lines with slops
equal to -1.0. Results of the slopes calculated by linear

curve fit ranged from -1.3 to 2”l.1 and closely compared to
-1.0. Calculations were also made to evaluate the ratios of

the diffusion thickness Gd in slugs for different carrier gases
if fgazlwas dependent on Dg to the power of 1.0. The results
showed that &g for different carrier gases, though under simi-

lar hydrodynamic conditions, differed widely indicating that

diffusion model did not describe +he-mass—transfer within the

slug.

h-iii. Liguid Viscosities and Liquid Phase Diffusivity

The effect of liquid viscosity Mo on overall mass trans-
fer coefficients is shown in figure 70A. Koga values fell with
increase in u; as a result of decrease in liquid phase diffusi-
vity and increase in slug length inspite of a tendency for the
interfacial velocity to increase, Table 11. The typical effect

of u; on Dy and therefore theoretical Kgg is shown in Table 14.
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EFFECT OF LIQUID VISCOSITY ON SLUG

CHARACTERISTICS AND OVERALL MASS TRANSFER COEFFICIENTS
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Table 14

Theoretical Effect of DL on Overall Mass Tran

sfer Coefficient KOG
Qp = 30 cc/min

H= 15 cm

System : n-Hexane-Nitrogen-Paraffin Oil

vy, G Ls Dy, Kog

cp cc/min  cm cm2/sec g-mole/cmZsec atm
40 245 2.1 3.64x1076 0.592x10 4

142 245 2.1 1.15x10"° 0.352x10 "

a0 326 3.6 3.64x10 ° 0.480x10 7

142 326 3.6 1.15x10"° 0.313x10"%

Using the two resistance and penetration theories, it
was possible to rearrxange equation (v- 54) such that the over-

all coefficients became independent of ligquid phase diffusi-

vity. From equation (V-5%) :

o
D RT 2305
m(=H* + } Rggs = =enm 09,k (V=56)
Dy, MW MW TTE
For nitrogen carrier gas, Dg = 0.0813 cmz/sec and eguation
(V-%5¢) becomes :
ap Uy L ) )
L .
Kok = —_
Koga 0. 3220;;— ( = ) V—-57)
s
- -1 PLORT

When KOGa* values were plotted against U the effects of

changes in slug characteristics with yp, on overall coefficients
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and effective areas were well illustrated,

figure 70B.

v-C.Comparison of Mass Transfer Rates in Slug Flow and in

plate and Sieve Tray Columns

A major -reason for undertaking this study was to determine

whether, in slug flow, contacting conditions were more repre-

sentative of conditions existing in a froth and foam. Analy-
sis of this study was dependent on knowledge of flow patterns
and mass transfer coefficients ESE could not be unambiguiously
evaluated. It is of great interest to compare Koga values
obtained in this study with the kg» Ko and kL values reported
in the literature for mass transfer studies in plate and sieve
tray columns and from single bubble studies. In plate or sieve
tray columns, mass transfer coefficients are generally reported
as Kpga':s kGa' or'kLa' where a' is the interfacial area per
unit volume. Hence, in order to compare mass transfer coeffi-
cients so that the effect of the surface area under different
contacting conditions could be excluded, a' values had to be

evaluated. This was carried out according to the method sug-

gested by Calderbank (80), Golderen (81) and Crozier (82),

al =.6_}.I:!.
Dy,
Where ; Hg = volume fraction of gas in dispersion

D}, = mean average bubble diameter cCm
Summary of methods for the evaluations of Hg and a' are given
in appendix 3-B. A value of Dy = 0.45 cm for froths was taken

as reported by Calderbank (80) and Dillon and Harris (83) and
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kg and kL values are compared with Kysa values obtained in

this study, figure Tl.
The comparison shows that the present data were below

the values reported in the literature but are of the same
order of magnitude. In addition, the data points lie well
above the single bubble studies reported by Poutanen (21)
for the absorption of hexane from single bubbles into para-
£fin oil. These latter results can be attributed to the con-
centration streamlines being established in the liquid medium
(21) . The data for air humidification (L4), air distillation
(23) , absorption of vSsziiﬁto'watenp(wk&dk'Iﬂs;abdxe:“ﬁvm
the present Kgpga data as would be expected due to the influ-
ence of liquid phase viscosity. The values obtained also lie
above the data reported for the absorption of COjy into gly-
cerol.

It is of interest to compare the effect of flow rate or
rise velocity on mass transfer rates for the different con-—
tacting conditions. The data show that in slug absorption,
increase in flow rate or rise velocity is not accompanied
by drastic change in Kgga values and therefore is more re-
presentative of behaviours in a froth and foam. Hay (19) and
Thorogood (23) have also noted that an increase in foam height
also resulted in a decrease of mass transfer rates presumably

due to change in contacting characteristics within foams.
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VvI. SUMMARY AND CONCLUSION

vIi-A. Introduction

Flow characteristics andwmassttranéierhhavebbeEniinVééti—

gated in vertical two phase slug flow. Flow characteristics
were determined using photographic techniques and the effects

of flow rates, absorber geometry and mass transfer measured.
Overall absorption efficiencies were obtained for the absorp-
tion of hexane into light and heavy paraffin oils. Overall

mass transfer coefficients were evaluated and the effect of

flow rates, system properties and absorber geometry determined.

VvI-B. Flow Characteristics

Flow patterns were found to be unstable, the patterns
depending on fluid flow rates, system properties, tube geome-
try and mass transfer. In the absence of mass transfer, the
slugs tended to chain, slugs being only separated from each
other by thin liquid films. When mass rransfer took place from
the gas phase into the liquid phase, two distinct patterns
were obtained, one where flow was characterized by bullet
shaped slugs which paired and tended to coalesce as they rose
up the absorber and a second observed at high liquid rates
where a chain flow pattern was still maintained. It should
be noted that the direction of mass transfer influenced flow
characteristics for when mass +ransfer took place from the
liquid to the gas phase, flow patterns were similar to those
observed in the absence of mass transfer. It was however ob-

served that the effect of mass transfer on flow pattern was
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not affected by variations of inlet gas phase concentration.

Slug frequencies and slug length were measured. Due to

coalescence, they were functions not only of fluid flow rates,
system properties, absorber diameter and length but also of
position in the tube. Frequencies showed a definite variation
with absorber length H, at first decreasing until a minimum
was reached at H of about 25 cm at which time frequencies
started to increase with H. Similar behaviour was also exhi-
bited by the variation of gas phase void fraction with H
which showed a maximumaatfﬂJéfaab@ut225cm”.A range of slug
sizes was observed. The mean slug length increased with in-
crease in gas flow rates and liquid phase viscosity but were
reduced with increase in liquid flow rate.

The nose radii of bullet shaped slugs was found to be
affected by surface tension and ligquid viscosity and a func-
tion of §,, the equilibrium liguid £ilm thickness. In general,
r, was equal to 0.855(R-8g) . Due to the scatter of frequency
data, individual surface area Ag and volume Vg data could not
be correlated but the ratio, (Ks/vs) showed a much more regu-
lar behaviour.

Slug separation distances between slugs were also measured.
They were found to influence mixing characteristics in the
liquid plugs as studied by the injection of red merian oil
into the liquid. It was found that when slugs separated by
each other by a distance more than 0.25 absorber diameter, no
pairing and coalescence of slugs took place.

Rise velocities of the non coalescencing slugs were mea~
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sured. A . correlation was attempted using an equation similar
to the equation employed for fully developed flow, namely
Ug = CqUy, + Co(gDp)%. For constant C; and Co the data of this
study were not well represented but if C; was equal to 1.2
and Co was made & function oftifluid flow rates,liquid and gas
phase physical properties and absorber geometry, good agreement

between experimental and calculated velocities was obtained.

VI-C. Mass Transfer Characteristics

Egp values were observed to be generally high ranging
between 0.79 to 0.99.Efficiencies were not only found to be she
function of fluid flow rates,liquid and gas phase properties but
in addition were affected by gas phase concentration.wWith the
heavy paraffin oil a distinct discontinuity was observed when
Egp was plotted against absorber length.This discontinuity could
be related to the minimumiéouﬁdiinﬁmhezé&ug?frequenpycmnrves.

No real discernible discontinuity was observed with the light
paraffin oil which could be a result of the high absorption
efficiencies masking the effect of changes in slug frequencies.
End effect mass transfer was observed to take place and end effect
efficiencies ranged from 0.57 to 0.95 which were appreciably

lower than those found for earlier studies (12).

Ooverall mass transfer coefficients were calculated by
two methods, an average value KSEKe and the point value RKogRe
where A, is the effective contact area. Koghe and KogRe Values
were found to first increase with increase in H for H less
than 25 cm after which Kgoghe decreased. This was attributed

largely to the variation of effective area with H.
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To overcome the variation in slug surface area along

the absorber, mass transfer rates were compared in terms of

the point Kgga and Kgga values where a and a were the frac-
tion of slug surface area effective to mass transfer. Kpga

and Koga values were found to continually decrease with H

for H less than about 25 cm while Kpga values for H greater
than 25 cm remained constant or tended to slightly increase
with H. Further, they both increased with increase in gas

flow rate and absorber diameter, decreased with increase in
liquid viscosity and were also affected by liguid flow rate

Q;, and inlet gas phase concentration, Y - Mass transfer rates
normally decreased with increase in Qp due to the effect of

Q, in reducing slug separation distance and so liquid mixing
between slugs but increase with increase in gas phase compo-
sition. The increase can be attributed to interfacial concen-
tration differing significantly from bulk concentrations,
which tended to decrease the interfacial viscosity and in-
crease the interfacial liguid phase diffusivity.

Experimental Kgga values were compared to Kog value
calculated using the penetration and two resistance theory.
Predicted values were always well above the experimental
values which could be attributed firstly to the fact that
3 was less than 1.0 as could be seen from the variations of
mass transfer coefficients Kgghe and slug surface area with
absorber length H and secondly might have peen a result of

concentration gradients being established in the paraffin

oils. Although there was a wide discrepancy between the
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theoretical Kgg and experimental Kgga values both showed the
same trends in their dependences on slug sizes. When the
effects of variations in interfacial velocity and slug size
were accounted for, calculation also showed the changes in
Koga due to variation of gas phase diffusivity were well pre-
dicted by the penetration theory. Approximate values of a
were also calculated with the assumption of equality between
the theoretical Kgg and experimental fgg. The results indicated
that the frontal area was the most effective mass transfer
area of the slug. This was well illustrated by a drastic re-
duction in mass transfer rates when chaining of slugs took
place. The effect of slug coalescence was probably to increase
mass transfer rate but the magnitude w&s thasteffeetywas bounter-—
acted bympheedhaibhing: of siugstwhiéh-redubedbmass;transfenggates.
The mass transfer coefficients ﬁaag were compared with
kg and ky, values reported for mass transfer in single bubbles,
foams and froths in pilot plant and laboratory sized plate
columns. The comparison jndicated that the contacting beha-
viour in vertical slug flow did in fact resemble that taking
place in a froth or foam. The results of this type of study
therefore could be of some help in determining the effect of
system and operating variables on mass transfer operation in
froths and foams as long that appreciable liquid phase con-
centrations gradients were not anticipated in the column. In
addition the results of this study would providesaseful infor-
mation- for the designs of vertical gas-liquid pipeline con~

tactors, particularly when short pipe lines are used.



VII. RECOMMENDATION

The effect of mass transfer on flow characteristics as
observed in this study indicated that flow characteristics
measured in the absence of mass transfer were not necessary
similar to those obtained when mass transfer took place.
Further studies are therefore required to examine the actual

influence of mass transfer on flow behaviour not only in slug

flows but other flow regions as well. More flow characteristic
studies using systems with a wide range of physical properties
are also required to substantiate the proposed correlations
for slug rise velocities and the ratios, (Ag/V,).

In this study, end effect mass transfer though much
lower than those obtained in earlier studies was still high
and therefore condideration should be given to additional
methods of reducing these end effects.

T+ would be of interest to undertake further studies on
the effect of gas phase concentration on mass transfer rates
as found in this study and to evaluate the slug effective
mass transfer area so that the actual mass transfer coeffi-
cient could be evaluated and mass transfer mechanisms studied.

Centacting conditions in slug flow are considered to be
more representative to those taking place in froths and foams
than single bubble studies. Future investigations on the
factors influencing mass transfer in froths or foams could
well be directed toward studying mass transfer in slug flow

rather than in single bubbles.
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1-A/ General Flow Characteristics

M Table Page

1-1 Slug 8hapessand sizes 170

1-2 Slug frequencies obtained using photo- 171
graphic techniques and mean slug lengths

1-3 Slug frequencies from stroboscope mea- 174
surements and mean slug lengths

1-4 Gas phase void fractions and hold up 175
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1-5 Slug lengths and separation distances 178
1-6 Slug rise velocities 183
1-7 Bubble formation lengths 191

1-8 Total and unit pressure drops 192
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Table 1-1

Slug Shapes and Sizes

NO. Dp L

Ti Af - Bg Vs o
'HEAVY PARAFFIN OIL |
1 04594 0.0151 0.0667 00143 00,0283 00000 0. 085
2 065G4 __0e 0606 0s1364 5  0e1269
5 0.594 0.106) 001667 0.1208 0, 2081 0. 0051 - 0.085
Z 0.554 0601667 01864 001921 003012 00111 0. OR5
S 0o53%4 02424 001994 02854 0.4102 0.,0199 0085
& 0594 0.3485 042061 0.4207 T 0.5541 0,0336 00085
7 0,594 05000 0e2121 06203 0.7617 00,0545 D085
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51 e 793 le 0000 0e2953 %15774$¢g2.0488 0+2335 0,101
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40 Qo564 063685 062236 0.4478 05050 00277 06067
41 0.594 05000 002303 0, 6646 008313 Oe 0623 0., 067
425 0.594 10000 062303 1.3 8R82 1e5548 D.1456  0e 067
43 0o 5G4 2¢5000 002303 3.5587 37253 03955 De067
44 0.594 35000 002303 50058 g’é;i: 0. 5622 0. 067
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50 0793 0.4889 063067 08901 1.1856 0e 1049 Oe 091
51 Ce793 1le 2000 0e3067 202604 245558 03150 0091
52 0793 200000 03067 348018 460973 0.5514% 0. 091
532 0e793 25000 003067 47652 5.0607 Oe 6991 0. 091
54 1le 000 0O 0151 0s 0970 00299 0,0594 0,000, 06107
55 1000 000606 0e2061 0el444 0,2778 0. 0040 Oe 107
56 1e000 061515 062872 003391 045994 00225 06107
57 1,000 062576 0e339% 0s5735 009354 0. 0558 0107
58 1000 063333 043621 0.7482 1.1602 0. 0852 0.107
1,000 0.5000 03885 161497 1.6238 061599 0107
£0 1.000 10000 O.3939 23866 28741 0.4 032 0.107
61 1,000 2.0000 003939 4¢8618 503493 0.8907 Oe 107
62 1000 3¢ 5000 03939 85745 940621 16220 0107
. Table 1-2
Slug‘Freguencies and Mean Slug Lengths
(Photographic Techniques
Run —_— —_— — —
NO. Dp H G o, F; Fo F F Lg As/Vg
SYSTEM: N-HEXANE-NITROGEN-HEAVY<PARAFFIN DIL
1 0.594 151 16500 300 12¢37 11le34 1134 11,68 178 10.48°
“ 2 0.594 151 2450 3060 10631 825 8,25 Be93 335 - 9% 97
3 0,594 151 32660 3060 10631 10.31 1031 10e3) 3084 990
4 04594 1541 2450 4540 19 59 16449 16649 17453 1e76 10,49
5 0,594 1501 32640 600 18456 12.37 928 13.40 2098 10.04
6 Coe594 40e0 24500 30,0 10031 10431 10,31 10.31 292 10.06
T 0.793 151 1650 30.0 12¢37 12,37 1237 12.37 0696 887
R Ce793 150 16500 3060 14443 12637 1237 1306 092 8e 99
9 0,793 25,0 16560 30,0 8e25 7.22 Te22 Te55 168 Be05
10 0.793 150 245.0 300 Q.28 9.28 G 28 D928 1le15 Ta83 -
11 0e793 150 2450 300 1le34 0,28 9e28 9697 1leb& Te9L
12 0,793 25.0 24560 300 Se1l5 5.15 5615 5615 3004 Te36
13 0,793 400 2465.0 300 13.40 11.34 De28 1lle34 1o 46 = 8¢ 07
14 Ce 793 40e0 2450 3o.oﬁ13.40h12.37f19-31ﬂ12-03»;1q39 8e15
15 0793 15,0 32600 3otoﬁlo.31*”7.22“31,22““8.25' 255 748
15 0.795 15.0 3260 3040 Te22 Te227 722 Te22 2490 7Te39
17 Co 793 2560 3260 30,0 Seld 4412 4el2 4o4T Ge59 Tel6
18 0793 25.0 3260 3000 9e287 " 4el2. 4o 12 S5.84 3¢54 Te27,
19 Ce 793 4060 3260 30.ogy7.22“w7,22 6.19<»6.87. 3.03- Te 36
20 Ce793 15.0 1650 45.o*aoﬁsrﬁﬁe.zsﬁ;6.19~¢a.25j:1,36 BelT.
21 04793 15.0 16540 45.0{11;34N;9.za;ﬁa.zst;9.62-'1319 8o 4l
33 G. 793 25.0 16540 @540 : 94289428, Re25 Bo93 1427 820
23 04793 150 '245.'0‘ 45,0 = 58.' 25 f‘6’.19-’:_i 6619 “60 87 232 Te56
24 0793 15,0 2450 45,0 13640 6019 6019 Ro59 " 1le88 7. 76
55 0,793 2500 24560 450 9.28 9028 bel9 B8e25 1493 Te72
26 04793 400 245.0 ‘45.0%11.34111.34~11.34v11,34ww1.46 8. 07
27 D0e793 1560 32640 45.df»8-25@f8-257‘8°25 *8°25792'55-.Zi3§—
28 Ce 793 25.0 3260 _45.o€f8-25ZL8-25-_B-ZS;NB-ZS, 2655 - Te48
29 0.793  40.0 32640 45;0*,8525“~6.19"'6619'”5°87"3‘03 T.3¢
30 0793 40e 45,0 10631 6419 6019 Te56 277 Teb?2
31 0,793 150 1650 60.0 25 77 50, 62 20e 62 22034 060 4
32 0.793 - 25.0 16540 60s0 12037 12037 12637 1237 096 8. 8
33 Qe 793 15 0 ) ' 9.28'-'-9.28 9.97 ) 1!6,"f_

Te9)
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54 0793 15.0 24540 60,0 1134 9.28 9,28 9,97 1466 Te9)
35 06793 1540 24540 6040 15646 928 9628 11,34 1le46 B8s07
36 0793 2560 24500 ) 60s0 8625 Te22 Te22 7e56 2012 Teb4:
37T 0793 20 2450 6040 e 40 8e2 . 9. 62 1. 10 Te8T
38 CoT793 400 265¢0 6040 15446 13,40 Te22 72,03 1429 86,15
39 0e793 1540 32660 600 15046 8425 0¢25 1065 2601 Te69
70 0793 15.0 326.0 6040 20+62 8425 Be25 12, 37 1. 75 Te B84
41 0eT793 250 32640 60e0 10631 8425 5415 Te3D 266 Te45

42 0,793 25,0 32640 60s0 12,37 8,25 5e15 8,59 2646 Te51
43 0,793 40.0 3260 600 11e34 10431 Te22 Qe62 2e21 1460
44 CoT793 40e0 32640 60s0 11e34 10431 Be25 997 2e14 Teb62
45 1.000 15.1 165.0 3000 10.31 8.25 '6. 19 8. 25 0. 89 7.58

46 1,000 15e1 2450 30.0. 7e22 6019 " 65¢19 653 1leS51 6645
47 1,000 15 326 08,25 3 ‘ 3
%8 1.000 15e1 245.0 45.0 9.28 9,28 0, 28 9.28 1,11 7.00
49 1,000 1501 32660 60e0 Te22 Te22 Te22 Te22 1.78 6023

. 50 1.000 ‘!0.0_245.0 3000 7. 22 7.22 Te 22 7.22 1.38 659

gSYSTEM:NITRDGEN—HEAVY PARAFFIN OIL
51 Co793 1540 2450 300 1350 12.10 12,10 12.55 le34 8421
52 04793 250 245,0 30.0 11,30 10e 60 10e 60 1080 1o 53 801

53 00793 35.0 24500 3000 12040 1240 11440 12,10 1e38 8:16_

"SYSTEM: N—HEXANE-NITROGEN-HEAVY AND LIGHT PARAFFIN

v ‘OIL MIXTURE { RATID 2 3 1) ; ,
54 0.793 151 2450 30,0 10,31 10.31 10. 31 10s 31 151 7o 84"
55 Ce793 4000 24540 300 12437 12437 12037 12437 1.28 8.08
SYSTEM: N=HEXANE-NITROGEN-HEAVY AND L IGHT PARAFFIN :

: O1L MIXTURE -( RATIO | = 1| ) ‘ ’ . o

¢.56 Ce793 15.1.2@5;g__gg;g_;ngl_;gggl_;gggl_;0.31 1.51 T84

- 57 0.793__§o.o.326.0Hf3q.gm11,3&_;1.35_;13;§M13,}e 1.80 763

M_N;—ﬂgm;&wm:ﬂewnAm‘ttG“HT PARAFFIN

1 ~ 0IL MIXTURE ( aA11Q_|15;z~r;ﬁﬁ¢£:;. R .
58 0.793 15.1 2450 300 1340 12.37 10431 12003 1le31 Be0&

| 59 0,793 4060 32600 30,0 10.31 10,31 10e31 10.31 1.9 7 e 5%

SY.STEM: N—HExANE—NITRDGEN—LIGHT PARAEE IN 011

60 0. 594 1521 16500 30,0 24eT4 24eT% 24e T4 24eT7% 0079 1130
61 0,594 151 2450 300 16449 16,49 16649 16449 e 6] 9, 86
52 00594 15el 32660 200 1237 12,27 12637 1237 276 9435
63 0.594 15e1 245.0 45.0 1l.34 11,36 11634 11.3% 2029 0449
64 0,594 15e1 32660 4500 12437 12437 1237 1227 2676 9, 35
65 0,594 40e0 24540 30,0 11.3% 9.28 D628 997 259 9439
66 0.594 40e0 326e0 60,0 1031 8.25 B8e25 Be23 ~3.78 9,16
67 0.793 15.0 165.0 300 2784 2474 2165 24eT4 0Oe51 1102
68 0,793 250 165¢0 30,0 18656 16.49 10631 15,12 075 9,27
69 04793 15.0 24540 3060 8625 B8e25 8425 B. 25 1le81 Te54
70 0793 2560 2450 3060 16623 lée4l 11622 13.99 1le12 Be24
71 04793 400 2450 300 13,41 12083 11le12 1245 le24 8405
72 0793 15,0 3260 30,0 1237 11, 34 1134 11.68 1le7) Te 61
73 0.793 1500 32660 30.Omlgﬁglgé}e§5ﬂ}kﬂ;§wllﬁbsﬁ%}ﬁ11 T.61
T4 06793 15,0 32640 30.0$¢f¥37*12:37“1253‘”T2?03 167 Te6%
75 0,793 250 3260 30011634 11.345759628::10e 65 1.86 T.51
76 0.793 40,0 326e0 30.0:12037 928" 42810431 1.92 Te48
77 0.793 15.0 165:0 45¢ 18, 56518, 56. 1554617553700 66 ™7



- 173 -

55 0. 793 250 1650 4540 13440 13440 11e¢34 12,71 086 B.R4
79 0793 15,0 245.0 45,0 11.34 11434 .1le.34 11e%2% 135 7Te92
80 0.793 250 2450 i§.0 166 49. 15,46 11. 34 14, 43 1le 09 Be30
81 Ce 793 250 24540 45,0 1753 15446 11.34.14.78ﬂ_1007 Be 34
83 0793 15.0 32640 ‘Q.O.- 13. 40 13.40“. 13. ‘1’0 12,40 . 1. 51 Te 76
84 Ce 793 250 32660 45. 012.3712.37 1237 1237 .0 e62 Teb7

‘85 0793 40,0 32660 45.0%13640ﬁ13640?11034;12.7t1$1058 Te70
86 06793 150 1650 60.0536.08;36.0&536.08 36508490.39 12¢ 95
88 06793 250 165.0 600716449 11534 1)

e 34 13,06 “ 0o 85 8¢ 90
R9 0eT793 15,0 245.0 6000 18¢56 17653 16649 17453 0092 Re67

0 15 4.0 17 B.24

01 0.793 400 245¢0 60¢0 40.21 37.11 28, BT 35 20 0e52 10, 85

93 C.793 1540 32640 6060 11¢3% 1134 11434 11.3% 1e76 Te58

53 0793  25.0 3260 60,0 10s 31 10,31 10.31 10.31 1.92 Te4B

04 0.793 25.0 32640 60s0 11e34 1031 10.31 10.62 1.86 7Te 51

a5 0.793 4040 32640 6000 22468 11434 10031 14.73 1.38 7.89
6

* [ ] L ] [ ) ® 6. -

97 1.000 15.1 24540 300 Be25 825 B8¢25 B.2° 1619 6. 75
98 1,000 1501 3260 30e0 9e28 9¢28 515 T.90 1,59 5428
551000 15-1 245¢0 45.0 10¢31 9J.28 8.25 328 1.08 6. 96
100 1,000 15.1 326.0 60s0 Be25 8425 7Te22 Te30 1.59 6028
101 1.000 40,0 24500 30.0 8+25 .22 5015 6487 139 6647

SYSTEM: N—HEXANE-HELIUM—HEAVY PARAFFIN oIL.

102 0,793 40.0 245.0 30.0 Be 25 Be25 8625 8425 195 Te72
103 Ca793 40.0 32640 6040 Te22 Te22 Te22 Te22 290 7Te29
104 0,793 151 245,0 300 12, 37 1031 10,31 11,00 1,50 8,02
105 0,793 15.1 326,0 300 722 Te22 Te?22 7e22 2490 7Te39
106 Coe793 1501 165¢0 45.0 18456 1237 11le34 1409 D86 9417
107 04793 15,1 326.,0 30,0 928 Q.28 9,28 928 229 Te57

SYSTEM: N-HEXANE-HELIUM=LIGHT PARAFEIN OIL

108 Co 793 4060 2450 30.0 8,25 Te22 Te22 T7e55 1697 Te45.
109 0,793 400 32640 30.0 11. 34 11e34 11, 34 11e34 le76 Ta58
110 0,793 15.1 1650 300 35,05 34002 34002 24436 0640 1276
111 0,793 15e1 2450 450 12, 37 1134 1)e34 1168 1le32 7Te96
112 0,793 151 326.0 60.0 1134 1lle34 1134 11.34 1o 76 Te58

—SySTEM: NSHEXANE-FREGN-14-HEAVY PARAFFIN oIl

113 0793 151 1650 3040 11e 24 1le34. 1le 34 11, 34 1le 03 B8.70
114 0,793 151 2450 300 0e28 8425 Te?22 Be25 le95 Te72
115 06793  15.1 3260 60.0 10 31 S.28 B8.25 928 2629 757
116 0,793 15.1 3260 30.0 18456 13640 13¢ 40 15012 1le46 8407
117 0. 793 40.0 32640 200 B8e25 Te22 T7e22 Te56 2677 Te&?2

SYSTEM: N-HEXANE-FREON-14-LIGHT PARAFFIN OTL

118 00792 151 16560 300 1546 15446 15446 15646 0e73 934
119 0,793 151 24560 30s0 48460 62,71 35035 42422 De4b 11.69
120 0,793 151 3260 3060 1lle34 11.34 9¢28 10.65 1e86 .76 51
121 0.793 15.1 2450 30e0 2887 28,87 28e87 28487 0. 61 10,06
122 Ce193 4000 32660 30.0 12037 12,37 1237 1237 1.62 Te67:
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Table 1-3
Slu Fre uencies and Mean Slu Lengths
Run - ‘ {(Stroboscope) o _ _
NO. Dp H | G QL F Ls A_q/VS _
\DYSTEM: N=-HEXANE=NITROGEN=-HEAVY PARAFFIN OIL
123 Ce7$3 10,0 165.0 30,0 16460 0.75 9459
124 04793 20e0 165.0 300 8,30 1,36 8, 18
125 Oe 793 100 24540 300 12,00 1l.7° Re 1.5
126 06753 2000 2450 . 3040 6410 2459  Te@7
127 04793 - 300 2650 300 5,80 2072 To b
128 Ce 793 100 326¢0 . 30e0 Q60 221 7.60
129 00793 200 3260 30.0 490 4020 7419
130 0.793 30,0 326e0 3040 4010 4098 To)3
131 O0.793 10,0 16500 4560 11630 106  Be69
132 04793 20,0 165.0 45,0 '9¢30 1,23 . 8,35
133 0.793 1060 2450 450 930 1le75 " T.84
134 0.793 20,0 245.0 . 450 8610 199  7.70
135 00793 300 24540 ' 450 9400 - 1le80 7,80
13 0,793 - 10e0 32660 _ 45¢0 _ Te40 2483 To2l
: 137 Qe 793 20. 0 32600 45.0 Te40 283 Te2} R
138 06793 - 30,0 326¢0 45.o~W.6.7o 3011 7635 qomm
139 C.793 10,0 165.0 60e0 “26400 ™ 053 “116)9
140 0.793 50e0 16560 '60e 0 12 00 06 92 . 8498
141 0.793 10.0 245.0 600 16620 1l 07 8463 .
142 Oe 793 200 24500 60.0&"7 8460 ot “‘1 «88 A TeT6 ....,.1
123 0793  30.0 24540 60.0'» 9010 " 1e 79 i Te 81
144 0793 10,0 32640 60.0 714 000 ) 0 56—~ Te 9872
145 0753 20,0 32600 60.0; 8.00. 1,2.63 ,“7.66‘=
146 0793 300 3260 po.o,F 9 00 5;2,35 7.55\~
'Y SYSTEM: N-HEXANE-NITROGEN—LIG&T PARAFF!N ng&; i
147 0793 10,0 16540 30.0 3300 0.41 12.51 .
148 0_33_'_2_0_._________:»2:9__1-&:—22—4'4‘4 9,83
1469 C.793 10,0 245¢0 30e0 2040 0. B2 Re 98 .
150 0.793 20,0 245.0. 30.0 11040 1435 T.93
151 0.793 - 300 24540 300 10,80 1e4l 7485
T152 0793 10,0 3260 30,0 15,00 1.36 7.91
153 0793 200 326.0 . 3040 970 2403 Te43
154 Co 752 - 30s0 326,0 . 30.0 9,90 200  Ta%4
155 0,793  10s0 1650 4560 5240 0Os55 1059
156 04793 20.0 1650 4540 14,00 080  9.07
157 C.793 1040 24500 _ 45¢0 20,00 0,82 B.98
158 0.793 - 2040 2450 . 4540 T11.00 _ 1e39 T.88
159 Co793  30e0. 24540 4540 110e40 le46  TeRO
160 0.753 10.0 32640 450 1320 1e53 . Te75
161 0793 20.0 32660 @ 4540 11,90 1e68  Te63
. 162 0.793 30,0 32640 45.0,,11.6ofy:).72.m~7.so,wf¢?.
. 163 06793 10,0 165.0 60e 07 360 00 0039 1293 o
s . 166 0793 2000 16500 _ 60e0 20000 .o.eo 10.16 Ly
V. 165 0,793 10,0 24540 16000 21260710 2
' 166 0793 200 2450 - 160407150 50 e ey
4 167 0e793 . 3060 245.0 50 0018 040 ;;?
168 0.7S3 10,0 3260 ’6o.oﬂ~13.oo-»1 gir\ f¥
169 0,793 2060 326.0 §60001 10. 4 23 1-5 ’“,; i
___uo o——"—‘M 0 32 505 b TR ‘
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Tablé 1-4
Gas Phase Void Fractions a and Hold Up Ratio ¥y
Run , _
"SYSTEM N?TROGFN—HEAVY PARAFFIN OTL

1 0,793 2069 1650 45,0 6630 104322 00390 Se 733

2 0e793 2069 24500 45,0 5.68 104322 0450 64652

3 06793 2069 32600 45,0 5057 100322 0e 460 8, 504
SYSTEM: N-HEXANE-NITROGEN~HEAVY PARAFFIN OIL

- Yon30-073
4 .793 20.9 165.0 45.0 6.09 I.U.Dcz 0.156 6e 639
' 5 Oo793 2069 24500 45,0 6e25 104322 0395 8,356

6 0,793 2069 32600 4540 6e 05 10.322 Dat14 10, 258

: ' 1bn 0(353
7 06594 1l4e0 16540 3060 2010 3,880 00459

8 Ce594 3060 1650 30.0 3¢ 95 B8e314 D525 4.970
9 06594 1460 1650 4540 2,10 3,880 06459 4y 327
12 06594 3040 24540 20,0 4020 80314 0,495 B8.338
13 0594 1440 24540 65,0 230 3.880 0407 7927
14 04594 140 245¢0 6000 2,40 3,880 0.38) 6623

15 0.594 30,0 2450 600 470 86314 06435  S5e 311

16 0. 564 140 32660 30,0 2.00 3.880 0,684 11562

17 0,594 30,0 32640 300 3.90 8.314 0.521 9, 602

18 0e594 14,0 326¢0 4540 . 3,880 06407 10548

19 0o 594 1460 3260 60e0..2¢5 . 3e880 ...00356. Fe 846”wg
20 06594 30,0 32640 60,0 4,60 Be3l4 0.447 "6y T30

51 0e 793 100 16560 30.0:% 3415 4,939 06362 9.684
29 0o793 100 2450 30,03 285 44939 10.423 11.142 ¢
23 06793 100 32640 3040;% 275" 49939 0e443" 13;¢sztg
24 Ce 793 100 165.0 45.0&4: 3 4.93@ 00342 . Te056,
25 0793 10e0 245.0 45e 0742 ”*4.939m:°°372‘m9'178
26 D0e793 - 1060 32660 45

27 Ge 793 —10.0 1650 60e
28 0,793 1060 2450 600
29 Ca793 10.0 326.0 6060
30 0. 763 20,9 1650 30e 077 66 :

3] 0,793 20e9 225.0 300 6.05 1100322 10.414
32 0,793 2069 2450 30.0 e ;g 322«10.414 11.564A
33 04793 209 32600 30 “6e.05.. "De454 15.389,_...,..,3
34 0,793 2069 165.0 45 o““a 657104322 70035660 63

35 CeT93 2009 24540 450 6.25 10322 - 04395 80356

e 9 245.0 43e 8 o0 T 30.377

S ot e A i
AL ;.‘g«:.;;., |3

36 0,793 20,0 326e0 450 6010 10,322 Os»&09 10,666
37 0,793 20.9 1650 60e0 6090 10322 0e332 5544
38 0e793 206G 2450 60s0 6.55 104322 00365 74090

39 04793 209 32660 60.0 6025 10,222 Oe 395 8, 339 .
40 Qe 793 30:0 165.0 30D 875 14817 0.409 7T.932
41 00793 30.0 245.0 30,0 B¢ 45 140817 00430 10839

66
%22 04793 3040 32640 — 300 B8e20 Ta,817 Oe247 13. 4
43 Q06793 30:0-16500 45,0 920 144817 06379 6.02;
44 0,793 300 245.0 45,0 8¢5 14,817 0.409 Te8

354
45 0.793 30.0 32640 45.0 Bo35 144817 0e436 94354
46 0s793 30:0-165.0- 60,0 9405 144817 0.389 &e316

47 04793 30,0 245.0 600 8.85 146817 0e%03 6,056
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A 48 0e793 3060 3260 60,0 8.55 14,817 0423
HA 49 0793 40s0 165.0 30,0 14,15 19.756 0,284
YUE 50 0793 4060 165,.,0 30,0 11, 15 19,756 Oe 436

51 Ce793 400 2250 3040 11455 19756 Oe%15
52 Ce793  40e0 2450 30,0 11,35 191756
53 04793 40.0 326.0 30e0 10.75 194756 Oet4 ]
54 Co 793 %0e0 16560 4560 14455 19756 06266
55 0,793 4060 16540 45,0 10,95 19, 756 0e&46
56 0e793 40e0 265¢0 4500 1165 19,756 0,410

Te4l3

13.883

. Te 126

106 556

0.425 11,027

12,97}
10,248
4,559
7. 825

5T Ce 793 %060 27060 450 1165 19,756 04410
58 0793 400 32600 450 1105 19,756 0a44l
59 Ce793 400 192.0 6000 1405 19756 00289

Be623
9, 195
T. 880

60 Co 793 40.0 192.0 60,0 11.15 19,756 06436
61 0793 4040 245.0 60.0 12045 19,756 0370
62 0e793 4000 270,0 6000 1215 19,756 04385

bel&b
6, 958
7.188

63 0793 4060 32660 606 0 11,95 19,756 0395
64 0792 20.9 1650 30.0 6095 106322 0327
65 0793 2069 22000 30,0 6e75 106322 0e346

8,318
11334
13,856

66 0e793 20e9 2450 30.0 6e 35 106322 04385
67 0.793 209 32640 3040 615 10322 04404
68 0e793 3000 245.0 30.0 B8e 65 144817 0e416

12, 054

160,017

11455

59 0.793 30,0 2700 30.0 Be 55 144817 00423
70 0793 3060 32640 30.0mm8.§5m1918173wﬂo430

71 1,000 155 16500 300 7.90 12174 04351
72 1,000 . 1505 1650 45,0 8, 10 12,174 0,335

12, 279

SINR

106167
7,291

73 1,000 155 1650 6040 8620 12.174 04326
74 1,000 155 2450 30.0 7645 12174 00388
75 1,000 300 2450 30.0 14¢ 50 23.562 0o 385

54675

12.880

13, 067

76 1.000 155 2450 4540 770 12174 06367
77 1.000 155 245,0 60,0 780 12,174 0359
78 1,000 300 245.0 6000 15035 236562 06349

9, 371
Te.2R2
7. 633

79 1,000 1545 3260 3040 Te1l0 126174 06417
80 1,000 30,0 3260 30.0 l4e 10 23562 06402
81 14000 1565 32600 4540 7¢30 12174 00400

15.207

150192

100 851

82 1000 15.5 32600 60.0 7450 12174 0.384
83 1,000 30.0 3260 6040 1450 236562 00385

T SYSTEM: N—-HEXANE-NITROG
i OIL MIXTURE ( RATIO 2: 1

8e719
8, 694

EN-HEAVY AND LIGHT PARAFFIN

11, 455

85 Ce793 300 32660 30e0 Be45 14817 06430 1460422

) .
84 0.793 3040 245e0 300 8s65 140817 0.%15
8

86 04793 3060 2700 30, 0 . 55 l4e817 00423
87 04793 2049 24540 30,0 635 106322 0.385
88 0s793 20e9 32600 30,0 6e15 10322 0404

12,279
13. 054
16017

89 0.793 20.9 2200 300 6e 15 106322 06346
. SYSTEM: N=-HEXANE-NITRCGEN-L IGHT PARAFFIN OIL

13,856

50 04594 140 1650 3040 2,00 3.880 0.484
91 059 1lbe0O 1650 450 2425 3.880 0,420

S5e 852
54062

92 0594 1440 1650 60, 0 2e 30 3880 0e 407
93 0594 1l4e0 2450 300 le85 3,880 04523

9% 0¢594 300 24500 300 4,05 8314 0513

&, 004
To &bt
7.758

95 06594 14,0 2450 45,0 215 3,880 0.446

96 Ce594 14e0 24540 6060 2020 3,880 00433
97 00594 3060 2450 600 4010 8e314 0,507

6, 768
Se 348
3, 973

0 2450 OUe” "o --
98 Ce594 14e¢0 32640 30.0 1.95 3.880 0497

10,981
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Oe 594 3C.0

- 177

32600 30,0 3,90 B8e314 0e531 9.602

100 0594 1460 32660 45.0 2005 3,880 o572 8,117

107 Oe 594 30.0 32660 45,0 @e05 84314 D.513 64882

102 0.594 14,0 32660 60.0 2,10 3.880 0e459 64 411

103 0e594 30e0 32640 6000 4010 8e31%4 . 0.507  5¢287

106 Co793 1060 165,0 200 3¢35 40939 0322 11596

105 Ce793 1040 195.0 30,0 3,15 40939 0,362 1) o465

106 0s703 1060 245.0 30e0 3000 44939 00393 12. 636

107 C.793 10e0 32600 30s0 2095 42939 0,403 16117

108 04793 1060 16500 45.0 3445 4e939 0.301 8, 495

109 0e793 1040 24540 4540 3615 44939 0.362 9.586

110 Ce793 10e0 32660 450 3,00 40939 04393 11.209

111 07923 1060 1650 6000 3060 4939 00271 T7.394

112 Co 792 100 2450 6040 3e15 40939 0.362 Te190

113 C¢793 10,0 32640 60s0 305 40939 0382 8,773

114 0,793 20.9 1650 300 6005 10,322 De4l4 T.788

115 C. 793 20.C 16540 300 7475 104322 0249 164570

116 0793 20e9 22540 30s0 595 10e322° 0e424 10,206

117 0.793 2049 22500 3040 7400 10,322 0e322 15,802

116 0. 793 20.9 24540 30e0 6635 106322 0385 13,054

119 0,793 209 32640 30.Qﬁ3§@;5§&0.322ﬁ30g404W46'017;m3
120 0,793 20e9 16540 45.o§y5:95‘10;322W”p;¢24“~4;990“y3 )
121 Oe 193 209 1650 45.6% Be35 103227904191 154522

122 00793 20e9 245¢0 4540:i5 6450 10632 70e370-..9 258 1
123 0793 2069 32640 45.0“‘§.15ﬁ10.322ﬁ§0.404*10;678&;g _
124 Ce193 509 1650 60e0:i:66:20 104322 00399~ 4136 |

125 0793 2069 1650 60. i .;;957*""'""1‘0 3220 ¢181.-12, 410

126 Ce793 2069 2450 60.0: ¢55..106322.. 0365, 72090 -
127 0,793 2069 32600 60.0x §g2§19§322Mg°-3951&8v339

128 04793 3060 1950 3040 aﬁ$ﬁ1§;§t7g§9-288;}ﬁ{07!

129 0793 30.0 155.0 30.0 ,ngﬁrggen7@§o;ﬁéag&7g525 -
130 0.793 300 2250 3060 ‘;98%14;817W§05394;&1553°

121 Ce793 3060 245.0 3040 65 {0416 1)e455

132 Ce793 3060 326.0 300 Z14e 817 :-04440:134840 -
133 0.793 300 20240 45.oh10;55;15@811&,o.zsaﬁ}1g09€¢

134 0.793 30.0 20240 45.0*%7;95“'44817”“05463“w551°7

135 0,793 30,0 245¢0 450 8, 97 144817 0395 8,353

93 30,0 5e0 4560 850 144817 Qe 748
137 e 793 30s0 24500 600 9405 144817 04289 60408
138 0,793 300 270.0 6000 B8eB85 14e817 0o 403 6, 674
139 0.793 3000 32640 6500 Beb55 146817 0e423 Te4l3
140 Ce 793 40,0 2250 30,0 1425 194756 0279 19.411
241 0,793 40e0 22500 30,0 10485 19.;;6 0e 451 9» 137
142 Ce 793 4060 24540 3040
143 C,793 4060 32600 30,0 1lle 40 1S 756 0423 140825
1446 0,793 400 2450 45,0 1395 19756 00294 13,081
145 Ce 193 4060 24540 %560 1110 194756 De438 60982
146 0.793 4040 2700 4500 1215 19.756 0.385 9,585
147 0,793 4060 32640 4500 1175 19756 00405 100632

48 CeT93 40e 0 24500 60s0 . 0. 563
VA Jae o193 40.0 245.0 6040 11435 19.756 0.427 5, 513
e e 0e I 40.0 270.0 6040 12445 19756 0.370 7,668

120 e T W0l 0 32600 60,0 12405 19.756  0.550 84495

52 1,000 155 1650 3060 920

1
_ 153. 1,000 15,5 1650 & 0 9,40 12,174 0228 12 6?6
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Slug Lengths Lg

'.Table l1-5a

15471..000 1545 165.0 6040 9440 12,174 0.22R 9,320
155 1,000 1545 26500 3040 8430 124174 00318 17,438
156 1.000 3040 245.0 300 16e 60 234562 0e295 190472

157 1.000 155 2450 4540 8470 12,174 0,285 13.636
158 1,000 15.5 245¢0 600 8¢75 12,174 0428) 10.%36
139 1.000 30s0 245.0 60,0 16490 23.562 00283 10,337
150 1,000 15.5 32660 3040 7490 12,174 04351 20,087
161 1.000 300 32600 30s0 15650 23,562 0.342 20.892
162 1.000 155 32640 450 8010 12,174 0,333 )4 405
163 1000 15.5 326.0 60e0 815 12,174 0,331 11.005
164 1.000 3040 32600 6000 15070 23,562 0.334 1 0.850
SYSTEM: N-FEXANE-HEL IUM-HEAVY, PARAFFIN OIL i
165 04793 1Te4 265¢0 300 4e70 8,594 0,433 9,858
166 0.793 17e& 2450 450 5.05 8,594 0.a12 7,758
167 0.793 1Ta4 245¢0 6040 5400 8,594 0.418 54681
168 0.793 1Te4 32640 30s0 435 80594 0.494 11. 139
169 0.793 17eé 32640 45.0 4e65 B8e59% 0459 8. 542
170 Ca793 17 % 32640 60,0 4.65 8594 0e459 64405
 SYSTEM: N-HEXANE-FRECN-14-HEAVY PARAFFIN OIL

C 7L 171 0,793 3545 245.0 30.0 10.05 17533 0e427 10,968

| SYSTEM: N—HEXANE-FREON—Ié-LIGf% PARAFFIN.OTL
172 0s793 3545 2450 30e0 10425 17533 0415

11,6493

and Separation Distances Ly

Run _ i
SYSTEM: N—HEXANE-NITROGEN-—HEAVY PARAFFIN OIL

1 04594 15.0 1650 3040 1 2.50 033

> C.594 15,0 16500 3060 2 135 025

5 0.594 150 165.0 30.0 3 140 0635

4 0.594 150 1650 30,0 4 0s90 0.15

5 0.594 1540 16500 300 § 2460 025

= 0.594  15.0 245.0 30.0 1 2.25 030

7 0.594 . 15.0 245.0 ~ 3040 2 6430 0e75

. 8 Ce594 15,0 24500 ~ 3040 3 600 135

S 0.594 15,0 245.0 30.0 %4 3,00 0.45

10 0.594 15.0 2450 300 5 3,00 0e45.

11 0e594 150 2450 3060 6 2430 0e45

12 04554 1560 2450 3040 7 2.55  0Oe 35

13 Qo594 1540 2450 3060 8 4e20 0075

12 C.554 15.0 2450 30. 0 9 1440 0625

15 0594  15.0 24540 50,0 10 1.50 0e15

16 0594 15e1 32660 EF;Q,O e . . :‘,.,'3.64 s
T8 0.504  15e1 2450 (459 2 .-73e15 .
19 G594 15e1 24560 P500 .3 - B3el5 . e 3
30 0594  15s1 2450 E05.0 5 4 20, i
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51 0594  15s1 24540
27 04554 15«1 24540
54 0594 151 24540
25 Ce554 1Se1 24560
26 0594 15e1 24540
27 Ce594 151 24540
29 06594 15s1 24540
30 GCe5S4 150 32640
32 0.594 15,0 3260 304
33  0Oe 5G4 15 0 32660
34 Q06594 15«1 32640
35 00594 151 32640
36 0554 15% 1 32640
37 00594 15.1 32640

38 Qe594 15.1 32640
39 Ce5%4 I5.1 3260
40 D594 15.1 32640
41 Ce 5S4 15,1 32640
42 0594 . 15.1 3266 0
43 06594 © 15.1 32640
44 Ce793 150 16540

. 45 0793 15,0 1650
AWA 46 0.793 15.0 24540
TQUE 47 Ce793 150 24%.0
48 06793 150 245.0
49 Ca793 150 2450 3040
50 Ce793 150 24540 3040
51 Ce793 15,0 2450 30.0
€2 Ce7S3 15 0 245.0 30,0
53 06793 15,0 2450 30,0
5¢ Ce793 400 2450 30.0

‘55 Ce793 40,0 24500 30,0
56 06793 . 40.0 24560 3060
57 Ce792 40,0 24540 300
58 0793 40,0 2450 30, O
59 0,793 _ 40e0 24500 3060
60 Qe 753 40e 0 2450 300
61 0,793 400 24540 30.0
62 Co793 40e0 2450 300
63 Qe 793 15 0 3260 30,0
64 06793 15,0 32640 300
65 00793 15,0 3260 300
66 Qo793 1560 32640 30 O
60 0.793  15.0 3260 300
70 00793 15,0 32640 2300

o

Py

A (TR SRR

_ 71 C.763 15,0 3260 3000559
—>—0.793  15¢0 3260 30s & ro0%

e v
TR T
R

wRyLT T
B3 Sgind

3 Y e
13 0e793 1540 32640 ,Qggggﬁkiiﬁgﬁﬁ,ksﬁm;
74 0.793 150 32660 Oe O .

0
> X LA, 2\ BTN ot '.»,,
75 0.793  25.0 326+0 [l BT %
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76 Ce793 25,0 326¢0 3060 =i -
77 Ce793 2560 326640 | 30.0 ¢ S
T8 04793 55¢0 32640 30,0 | 4 5440 085 BT

-~ 79 GCe793 25,0 32640 | 30.0

: : . B8el5 0695 e

2 5475 '~ 0eBO SRR
3 L
4
5 . L
L Bl Te55 cle&D i v 4
*;7» H
8
9
1

2¢75 - 025

BT 0.793  25.0 32640 {3040, . 7. 550 0420

82 0,793 250 326e0 ©30e0"
83 0793 250 326.0 30.0

5,80 0,25
8% Cs 793  15.1 16540 _ 450 ~ 2ell
85 o793 151 16500 4540 2 leb4
86 0o793 15,1 16540 4540 3 2,91
87 Ce793  15e1 165.0 4540 % 1.20
88 0.793 15«1 1£65,0 450 5 1.23
89 0.793 15.1 16560 4540 6 227
55— 0-793 15,1 165.0 450 1  2e27
61 0,793 15¢1 1650  45.0 8 2418
92 0.793 15,1 165¢0 450 9 127
55— 0.7S3 15.1 165.0 45.0 10 2427
94 0.793 15.1 245.0 4540 1  3.68
95 0.793 15e1 24540 4540 2 1,98
SE—0.753 15.1 245.0 45e0 3 2e68

AWA 97 0,793 15e1 2450 4540 4 1.91

HOUE 98 CeT93 1541 245.0 4540 5 2489
09 C.753 1561 2450 450 6 2405

100 00793 151 2450 45.0 7
101 Qe793 151 24540 45,0 8
102 0.793 15,1 245.0 45, 0 S
103 0.793 15¢1 24540 45,0 10
104 CeT793 15«1 32600 4540 1
105 06793 15«1 32660 45, 0 2
106 06793 151 32640 45 40 3 3,09
107 Q. 793 15«1 32660 4560 o 295
108 06793 15«1 32640 45,0 2 273
T
1
2
3
4
5
1
2

22086
2.05
2095
2.05
295
2459

109 00793 15.1 32640 4540 295
110 GCe 753 15«1 32640 45. 0 3,18
111 0.793 = 15.1 16560 6040 0. 77
112 0. 793 151 16540 60.0 0+45
113 0793 15,1 1€5.0 60. 0 045
114 00793 15.1 1650 60.0 0.50
115 Ce 793 151 1650 600 0.50
116 06793 15¢1 24540 600 O

259

11T 0.793 151 2450 6040 2459
LT 00063 1501 245e0 (6005732 ed T i
Il 00793  18.1 245,0 60,074 2.59

120 Oelea  15.1 32600 160.0 - 2~ 228 o
123 06793 15,1 32640 ¢4 3e27

124 0e7°3 151 32660
125 0793 15,1 32640
126 Ce 793 151 32660
127 06753 15«1 32640
128 00793 15.1 32600
129 Ce793 1% 1 3260
130 1.000 15.0 1650
131 1,000 150 16540




132 1,000 150 16560 (300 ...
. 133 1,000 15,0 1650 “30e0 "
134 1000 15,0 16540 30,0

135 1.000 15,0 165.0 30. 0

3 1e50 . 1.00
4

5

) 6

136 1,000 150 16540 30.0 T
1

2

3

4

1¢55 0. 75 :
0695 0e15
1«70 0.70
0. ©5 0. 35
205 0e45
1.90 0. €60
3465 1625
195 0655

137 1.000 15,0 24540 30.0
138 1.0C0 15.0 245.0 30. 0
139 1.000 15,0 24540 30.0
140 1le COO 150 2450 30.0

A1 1000 T5:0 245.0 30,0 5 2.70 1.0
142 14000 150 2450 3040 6 1490 0e70
143 1,000 150 32640 3040 1 3440 1430
144 15000 1540 32640 3040 52,55  Oe 55
145 1.000 1540 32640 3040 3 2450 050
146 1.C00 15,0 32640 30,0 4 430 1460
147 1000 1o 03360 300 5 9e25 0.50
AWA 148 1.000 15,0 32660 3040 6 1e35 0elS5
WOUE 149 10000 15,0 32600 30,0 7  4.40 1460
150 1.000 15e.1 245.0 4540 1 2.25
151 1.000 151 2450 450 2 183
155 1.000 15¢1 245.0 5.0 3 1.63
153 1.000 15.1 2450 4540 4 1e63
154 1,000 15«1 24500 450 5 156
156 1.000 _ 15.1 245¢0 450 6  1e56
156 1.000 15.1 2450 450 7 156
157 1.000 15¢1 245.0 4540 8 1le56

158 1,000 15s1 24560 4500 ° 1. 56
159 1.000 151 2450 45 .0 ig 1.56

160 1,000 15.1 245.0 45 0 156
161 1.000

_ 1561 2450 450 12 1. 56

162 1.000 15.1 24540 4540 13 1.56
163 1.000 15«1 2450 45 0 14 156
164 1.000 15,1 24540 4540 15 156
165 1000 1% 1 32640 600 1  2.06 y

SYSTEM: N-HEXANE-NITRDGEN-LIGHT PARAFFIN OIL

166 0e564 15.0 32660 45,0 2.70 0e40
167 04594 15,0 32660 4540 270 0, 35
. 168 0e554 15,0 3260 4540 2460 Oe45
169 0594 15,0 32660 45, 0 260 0e 4O
170 0594 15.0 3260 4540 2450 De 245

\

171 Oe 594 15.0 3266 0 45.0 2060 : 0.35

1
2
3
4
5
6
1
173 0.793 151 16540 300 g 093
4
5
6
7
8
9

172 0,753 15.1 1650 300 0e29

174 0. 793 151 1650 300 0456

175 0,793 151 165.0  30.0 - 0e 49

176 ©€.793 1501 165.0 300 0480

177 0.73 151 16560 300 )

178 0,793 15.1 16540 300 0. 84

179 C.793 _ 15.1 165.0 30.0 0460

. 180 6.793  15¢1 16500  30e9 0, 44
181 0.793 15.1 2450 3o.o‘ﬂm§1f%?z.sbﬁk .
135 0.793  15.1 245.0 [30.0 271456 3

183 0793  15.1 24540 {30.0 : nug@o 5
184 04793 151 2450 £3040 e Y&
185 0,793 15e1 2450 &
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186 Oe793 15.1 245.0

. 187 00793 15.) 24540

188 Ce 782 15«1 245.,0

189 0793 15,1 245.0

190 Ce793 15.1 32640

191 GCe793 151 3260

"""TE?"ETTE?'"i??T"?iE:B

193 0.793 15.1 32600

194 06793 15¢1 32600

195 Oe793 15«1 32660

166 Ce793 15«1 32660

197 0,793 25,0 32640

198 0.793 P5.0 32640

199 0.7S3 28,0 32660

200 0.793 25,0 32660

201 Oe 793 25,0 32640

202 GC.7S3 25,0 32660

202 0793 25,0 32640

504 O 193 25e 0 6e0 ,
205 06793 250 32660 30, O
206 06793 25,0 32640 3060
2C7 GCe793 25, 0 32660 30.0

208 0,793 25,0 3260 3060
209 0e793. 1501 165.0 45 o0

.AQJ"ET6"?7733“‘T§7T"T?E§?T* 4560
A 511 0793 15.0 245.0 4540
JIQUE 212 GCeTS3 150 2450 4540
. 213 0763 150 245.0 45,0
214 0,793 150 24540 4540

215 06783 15,0 2450 45, 0

216 0,793 151 32660 45,0

217 0Ce793 1561 32660 4540

218 0&122___l§&l__lé§Lg___éng,

219 0793 151 16560 60,0

220 0e793 151 1650 60.0

221 06723 1541 2450 60.0

222 06793 15,1 24540 600

223 06792 151 2450 600

224 0,793 15«1 24560 60,0

225 Ce 793 1501 2450 600

226 Ce 793 15«1 24560 60,0

227 06793 15,1 2450 600

228 GCe793 15,1 3260 600

229 06793 15¢1 32660 60. O

230 06793 15,1 32640 6060

231 1.000 15.1 24560 3060

232 1.000 15. 1 2450 0 5;\300~ 04‘??\.’:";‘:’_";_“

233 1,000 15.1 24500 3040

234 1. 000 16.1 24560 300

23 1 000  15.1 24540 £30.0

—-___329__l;222___lé:l__222;9 3 :

237 1. 000 15,1 2450

238 1,000 151 2450

239 1.000 1501 2“’5 00 R s

241  1.000 15.1 326.0 1300

b
’dj D ]

PP
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242 1,000 15,1 32640 V30.01u,,

-4 - 2 '2.88.

243 1000 15,1 32640 j30002‘: 3 ' 1.72

264 14000 1S5e1 326.0 | 30.0 L4 2441 :

545 10000 1541 32640 [30e0- - 5-- Lle&l - -
5%6 1.000  15.1 32640 30,0 6 . 1469 = .o
247 14000 1561 32660 30407 T 1669 - s TS
248 14000 . 15«1 32640 3040 8 2436

249 1,000 15,1 326.0 300 9 163

550 1000 1561 32640 300 10  2.25

551 16000 15¢1 32660 30,0 11 1.72

562 1.000 151 2450 450 1 1,38

253 10000 15e¢1 24540 450 2  1l.33

254 1.000: 15.1 24540 45, 0 3 1&2&7

555 1000  15.1 2450 4560 4  1le9L

256 14000 1S5¢1 24560 450 5 le&l

267 14000 15e1 24500 450 6  le8l

558 1,000  15.1 24560 4540 T 1.19

266 1,000 1541 24560 4540 8 lelb

260 10000 15.1 2450 450 9 2434

261 1000 15e1 24540 450 10 1.16
AWA 52 1,000 15.1 245.0 450 11 Jel6
TiQUE 263 1000 15.1 245.0 4540 12 0e 66

564 1.000 15.1 245.0 4560 13, 1.16

265 1,000 151 32600 60, 0 1 169
266 1.000 151 32640 60.0 2 1o 64
267 1,000 151 32640 600 3 1e47
268 1,000 15¢1 32640 60. 0 4 2088
269 1,000 15,1 32640 600 5 le72
270 1. 000 15«1 3260 60.0 6 le72
271 1.000 15«1 32660 60.0 7  1le69
272 . 1.000 151 32660 6040 8 leT2
273 1. 000 15«1 32660 60,0 ° 1e693
274 1.000 °~ 1501 32640 60.0 10 le 69
275 1000 151 32640 6040 11 169
276 1,000 151 32640 60,0 12 256
277 1,000 151 32640 60.0 13 le72

278 1000 15.1‘ 326‘0 - 6060 14 172

Table 1-6

Slué‘RiSé velocities

Run
NO. Dy H G oL, Z Lg - Ug (Ug)

' SYSTEM: N—HEXANE—N%TRDGEN¢HEAVY PARAFFIN OIL

mean

1 0554 1560 1650 3060 Se 67 2, 00 27,68 g;.gg

2 Ce5%94 15,0 1650 30,0  Be72 250 leégA 3o°es

3 Q. 5S4 15,0 2450 30 O Se&T 2,00 30,8 30.85
4 06594 15,0 2450 3060 9e 62 3, 00 32.33 4A.86
5 Ce59% 15.0 32600 30,0 _ 850 3 o 80 25.71 44°ae
6 0.594  13.0 222‘8 22’3 2.;2 i:gg 3409 37 34,51
7 0594 1560 o . . .

‘ 8 0:594 1500 24500 4540 Be75 3 600 §§'§§ gz.gi
9 04594  15.0 2450 %45.0 Te97 300 . .
10

0e594 150 3260 6060 Be40 3450 46,51 4584
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Oe 5S4

150 326.0

184 ~

60. 0 Be 60 2,50 65,16 45.84
12 0O.594 400 245.0 30.0 S5e¢ G5 3, 00 34,55 34447
13 Ce594 40e0 26540 30,0 22495 3,00 34655 34447
14 Co594 40,0 24540 30,0 32652 3,00 35445 36447
15 06594 40.0 24540 30.0 Se 50 3, 00 23,33 34447
16 GCe793 150 16540 ,30e0. .. 4e92.. 0.75.W16.87\?16.77
17 0,793 15¢0 1650 300 SRR B 17 1685 1Te22 16677
18 06793 15.0 165.,0 :30.0 TeT17 1.75&w16.11 160 77
18 Ce 7S3 150 16540 »30. 942 075 1687 1677
20 06793 15,0 2450 : 30 of“'a.zo 3040 20e59 ..20e59
21 O0.793 15.0 24540 . 30e0% Be35° 3.40';20.59 20e 59
22 G763 15 0 245.0 *30.0 10460~ 3040 20459 120659
23 Q0793 15.0 32660 : ; 30e0 ... Te13 . . .255 27.%4 27 59____
24 Qo793 15,0 22640 30.0;] 6657 . 255 2Te®4 : 2Te59
25 06793 15¢0 32640 §30.0E Qe 60 ;2655 126647 27659
26 06793 15,0 32640 13040 4.61 12430 29436 - 2759
27 Ce1793 15.0 32600 _*30.0‘“ x"42.38,§27.23 . 27659

- 28 06793 150 326.0 %30.0 1 az.30;;26.6o;127.59
29 04793 1560 165.0 [45e0: vz 2020 1640016019
30 Ce 793 15«0 16560 F 8540 " "8e25, . 110 __ 16e 00 16619
31 0,793 1500 16540 454 0 g 36T, 70516, 577 16419
32 06793 150 24540 4540 5 o 40 1,00 25.00 23.74
33 0Oe1G3 e O 456 0 45¢ 0 6e 63 I.05 3. 3,74
34 06793 15,0 24540 45,0 8e 32 2,70 23,11 23,74
35 Ce 793 15,0 32640 4540 5e52 3,00 28651 28451
36 06793 15,0 32660 45, O 9 02 7,60 28451 28451
37 0,793 15,0 16540 60.0 t4e?27 0,50 1667 16488
38 0O 793 15«0 16500 6060 4 85 D50 16013 16488

9 Oe'9 ) 65. O 60e 0 e O Oe 50 Bs B 16. 88
40 06793 15,0 16540 6040 690 0,50 17.24 16.88
41 Ce 793 15«0 16540 60e 0 Te 65 0,50 15,87 16488
42 0793 15,0 1650 60,0 9,10 0. 50 17e 54 16488
43 (06793 15.0 165.0 600 1055 0450 1587 16.8°7
44 Qo733 150 24540 60. 0 56 57 2,60 23637 2287
45 0Del93 150 24560 6060 8e 85 3, 65 2283 2287
46 CeT93 150 24540 6040 3482 125 2241 2287
47 0,793 15,0 32660 606 O Te 27 2,20 29.25 28460
48 0,793 150 32640 60.0 6635 3,20 2T.87 2860
49 Q06793 15,0 3260 600 10613 2020 28,69 28460 .
S0 7o  25.0 16540 30,0 6.20  0.70 13, 81 14¢67
51 0Oe793 25,0 1650 3060 735 1,50 14092 14067
52 Ce7S3 25,0 1650 30.0 9,45 1,60 16402 14457
53 06793 25,0 16540 30,0 11,02 1,30 l4e 64 1467
54 Ce 793 25,0 1650 30,0 1285 1455 l4e26 14667
55 06793 25,0 1650 30,0 15.CO0 0,70 16692 1457
56  0e793 25,0 16540 3060 15477 1,30 14,64 14e67
57 Ce793 26,0 16560 30,0 17e85 1445 1436 1467
58 06793 25,0 1650 30,0 1930 1,30 14,36 1ae57
59 0792 25,0 24540 3040 855 3,60 20616 19067
60 06793 25,0 2450 300 12645 5,05 1938 19.67

42 3,50 19:77 1967
61 06793 25,0 24540 30,0 15
19435 2,10 19,38 1967
62 0e793 26,0 2450 3040 o
9,40 7.80 26695 26658
63 0,793 25,0 32660 30,0 . s 68
64 06793 25,0 32640 3060 16652 7o 50 260 42 o
. Te4T 1.85 1791 17.74
66 0,793 26,0 1650 4%, 0 9, 80 1. 85 1765 °
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250

60.0

67 06792 2500 16540 .4500. 12012 . 2010 17.91 . 1774
68 0e793 2540 16540 450 14¢55 1eT5 1765 1Te74
69 06793 25,0 165.0 . 450 16660 le45 1Ts865 1Te74
70 0793 2540 1650 ;4560 1895 . 290 1765 1Te74
T Q0763 2500 24500 (45407 648072405 23419...23.00
72 0.793 25,0 245.0 gﬁ5,0*ﬁn9537" 2e¢ 1077254 00 236 04
733 0.793 250 24540 45207713437 - 1290 - 22,10 23,04
14 €793 2540 245¢0 (4540 . 1432, " 3,687 22400 123.04
T5 06793 25.0 2450 §45.0 {'fif“lgo 02 3. 45‘ 22.83 23e 04
76 GCe 793 25,0 32660 %45.0}@57.355 335 ;2970 1 29.08
77 0e7S3 25.0 32640 &45502i11.27;mﬁ3 . 29421 129408
78 06793 250 32640 ;45.0fg15.2032;3.00 1 2Be Tl 29,08
79 0,793 250 32640 4540 18490 ;3425 28471 29,08
80 04793  25¢0 16540 L 60s 0 5472 71430 18,75 -18.06_
81 0,703 2500 16540 [60e0. 7 27 1225..18.75...18.06
82 0e7S2 250 1650 "60e 07 0y g207 718406 V1806

18,06 18,06

113 0.7S3 400 32640

114 0,793 400 32660 25,0 31a52 4e55 28015 28405
115 0,793 40.0 2450 60,0 6017 1e1O 19.57 19.08
116 0o793 4000 2450 60.0 18420 1000 18.84 1908
117 0.793 40,0 245.0 20.0 34e35 2400 18.84 10,08
118 0,793 400 32640 ;6000 o 60T 2. _,5qtyze,1zﬁhzs.ag
119 Ce7S3 400 32600 160407 9,75 240 26425 26‘25——
130 0.793 400 32640 1i60e0 124 40; vziqoﬁ(z7.so 2:.88
121 0e793 400 32640 ‘600 15617 2450 126488 26

122 00763 40,0 3260 _2‘g&ggﬁig;gvqug.ao,Azo.ggﬁmgg,ee



T 123 04793

40,0 3260

186 -

T 60e0 ' 20695

] 2. 40 26. 25 26488
124 Ce793 4000 32660 6060 24440 %70 2750 26,88
125 06793 40,0 3260 [ 60e0. 3025 . 0e0 26425 26488
126 00793 40,0 32640 60e0. 34460 = 3430 26425 26488
128 10000 1560 165e0 13060 :;:9 35 055 . 14 7L ) 4e b
129 1.000 15.0 1650 (3060 i 930 1660 ;13,05 1446
130 1. 000 15,0 24540 530e07 560 e00 “~19¢35: " 1Be8&
131 1,000 150 2450 30e0-:--8417 1e 90 °18, 55---18e 84
132 1000 15,0 24540 gso.o;wgs.oo ,V2.80f;18560ﬂﬁ18.85__
133 1.000 1500 326e0 ~30e0 ~"Se60 """ 2440 21,05 20679
134 1,000 15.0 32640 30,0 8e&7 250 20653 20679

—I1I35 1,000 5. e0 4540 3% N4 Y170 JGeJ4 16461
136 1000 15,0 245.0 45, 0 8. 70 230 16453 16661
137 1,000 150 24540 45 o0 8445 230 16436 16461
138 1o 000 15,0 3260 60,0 6402 2.10 2050 2032
139 1,000 15,0 32640 600 Bs 60 20 10 20,00 20632
140 1,000 150 32640 6060 Be4S 2410 20645 20632

—7141 1,000 0.0 2450 30. 0 6e07 1e55 16632 16618

. 142  1.000 40,0 24540 30,0 12447 1¢ 65 16,32 16018
143 1,000 40,0 24540 30,0 19435 2.30° 15,79 16,18
144 1,000 %4000 24540 30,0 26e 30 1< 60 15,790 16,18
145 1,000 40,0 2450 30.0 885 1,60 1667 16018

. SYSTEM: N-HExANg:NLIROGEN:Hg%yY|AN?_LIGHT PARAFFIN .

! _ M R RATIO .2 ¢ T ‘

146 o.;gé' IngoE £45.0'f‘3b.o‘ 6be 78 2,65 20.47 20e61

147 Ce 793 154g_;;&2;g___;g;g___2;11___1;29__29;12_;ag;gl__

148 Ce 1763 40,0 2450 30,0 2250 3,45 2083 18452

149 00793 4060 24540 30,0 34015 0050 20,83 18,52

150 Ce7S3 40,0 24540 3Q.oﬂw&1,ZQM_ML.7Q__l3;§9 18652
 SYSTEM: N—HExANE—NITRosEN-HEAyygégggp}qggggeeAﬁgiﬂ '

ﬂ R RATIO 108 Moo o o o o o
151 c.géé ijgyoe 545.0 A35.o .38 le40 21e%3° 20460
152 0e793 44Lé;g__g&2;Q___éQ;Q___1;§ﬁ___Qng__széi__;ggég_.-
153 Ce 793 150 2450 300 8e77 0,95 20633 20660
154 Ce793 15,0 245.0 30,0 10.C7 0,95 20633 20650
155 06793 40,0 32640 30,0 22652 1,90 2480 2520
156 Ce 793 40,0 3260 20e0 27607 190 24480 2520
157 06793 40,0 32660 30,0 31l.87 1. S0 25.51 25420
158 06793 40,0 32640 300 @792 1,90 25461 25020
SYSTEM: N—-HEXANE-NITROGEN=HEAVY AND LIGHT PARAFFIN

: OIL MIXTURE ( RATIO i 22 ) -

159 Ce793 150 24560 3040 5695 0,95 20629 19402
160 0.793 15,0  245s0 300  6.ST 095 18,12 1902
161 0,793 15,0 24540 3060 8e 25 1.65 18.84 1902
162 Qe 753 15,0 24540 300 10630 1465 18¢84 19.02
163 0,793 40,0 32600 30s0 2230 1o 90 25,21 2493

. 164 0,793 40,0 32640 30,0 31620 1490 2521 24¢93
165 0e 753 40,0 32660 300 %6650 1,90 24637 24493
SYSTEM: N—HEXANE-NITROGEN-LIGHT PARAFFIN oIL
166 06594 1560 16500 30. 0 50 65 0, 80 18,06 )8.34
167 0594 15;g__;g2;g___2Q;Q___2;g2___Q;§Q__L§ng__l§;§2__
168 0.5S4 15«0 1650 300 9,05 0.80 18692 18634
169 0,594 15,0 2450 3060 Se 90 2,50 30,77 30,77
170 0.59% 1560 24540 30,0 8490 2050 3077 3077
171 0.594 1560 3260 300 5¢ 90 2,70 38466 3Bebb
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172 00594 15,0 32640 3060 9¢ 40 2,70 38,46 38446
173 0.59% - 15.0 24540 45,0 5660 2450 . 32e5) 3285
174 0554 150 245.0 45, 0 9 25 250 3246) 32.85

' 175 06594 15,0 245,0 45,0 B8Be20 250 33433 32,85

176 Ce 594 15,0 32600 4540 5e55 3,20 39402 3840
177 0.594 15.0 32660 45,0. 9425 2. 50 39,02 38640
178 0e594 1560 32660 45.0. 825 2,50 3Tel&s 38640
179 0e 5S4 4000 32660 3060 6682 2,80 60,20 406,07
180 0.594 40e0 32640 30,0 16455 5S¢ 00 39,22 40,07
181 Ge554 40e0 32640 ..3040...28¢50. ... 5400 39,22 . 40,07
183 0594 40,0 32640 6040 5,55  4e 70 . 40,00 34,79
184 0¢594 40,0 326e0 (HDIeO S 1625 34e79
185 0594 400 32600 ;6! 414252479
186 0594 40.0 3260 60 7 41le 6T [ 3beT9
187 0Os 753 150 165.0 §30 16939 11588
188 0,793 150 165.,0 &30 ¥ 15,50 ;15688
189 0793 15.0 165.0 {30 15.63 15,88
190 0, 753 15¢0 1650 53 1639 ,)5.88
191 0,793 1560 165.0 {30 5
192 C. 1S3 15,0 2450 (30
194, 0,793 15,0 245.,0 130
195 Ce 793 150 32640 13
196 0,793 15,0 3260 “30.
197 0793 15,0 32640 3049 24029 24491
198 OCe 153 15. 0 326.0 300 26.00 24491
199 0.793 150 32600 300 24,53 2491
201 O. 7G23 150 16560 45, 0 16.28 15470
202 0,793 150 16540 45, -}g-gg %g-;g
203 Ce7S3 15.0 16540 454 . .

+ 204 Qe e O e O %45e 0 16.28 15.7C
205 06793 15,0 1650 45,0 16633 16433
206 0793 15¢0 2450 45, 21623 2le2}
207 0,763 15,0 2450 45,0 . 23,92 2le4l)
208 04793 1560 24540 4540 8el7 1,10 21e23 2la4l
209 GCe 753 15«0 24540 454 0 9427 1,10 21023 21.41
210 0,793 15,0 24540 4540 Se 05 1. 10 2143 2le4l

A\ 211 C.793 1560 3260 45 40 505 1.70 26e44 26644

. 212 06793 15¢0 32660 45, 0 e 35 1,75 26044 26644
213 0,793 15.0 32660 4500 9460 1,80 266484 26e44
214 Qe 793 _;z;g__Lg2;Q___£ihiL__:L;§g___g;&g_;Lallg__l§4lé__
215 0,793 15,0 165.0 600 10665 0e 40 18.33 18476
216 0,793 150 24540 600 5672 1,00 23e24 22.68
217 GCe 792 15¢0 24540 600 Se 95 0,00 2254 22468
218 0,793 15;Q__g&2;g___éQ;Q___1;lé___9;29__22;2&__32;gﬁ__
219 Ce.7S3 15,0 24540 60 o0 B8e37 0,00 2324 2268
220 OeTS3 15,0 24500 60e O 9, 52 0,90 21.83 22468
221 0793 15,0 32660 6060 b4e 46 1460 26040 25060
223 06793 15,0 32660 60. O 8e 57 1,60 25,00 2560
224 06793 4_;g;g__g;g;g___gg&g__;gg57 1060 25.00 25.62
225 0o 1S3 26, 0 16560 3060 SeT2 De80 T2 13.:7
226 0,793 25,0 16540 3069 6e 67 Oe 75 7. 08 {3:27
227 0.793 25,0 16540 300 765 0« 80 7.50




7228 0e7S3 250 165.0
229 06793 25,0 16540
230 Ce 753 25,0 165,0

188 =

30.0 8697 0e75 15622 13427
30.0 9. 90 0e 75 15,00 13,27
300 10690 De75 1500 13.27

231 06793 250 165.0
232 00793 250 165.,0
233 Ce793 250 165.0
234 06793 25,0 165.0
235 06793 25.0 16540
23¢ Ce 793 2%, 0 165.0
237 O0.793 250 16540
238 0e793 250 16540
239 06793 25.0 16540
260 0793 25,0 24540
241 C.793 25.0 24540
242 0793 25,0 24540
243 06793 2560 24540
244 Q0 T7S3 25,0 245.0
2645 0,792 25.0 245.0
246 0Oe.793 25.0 24540
247 Co7S3 25,0 245.0
248 06793 25.0 24540
249 Qe 193 Se O 65,0
250 0,793 28,0 245.0
251 0,793 25,0 24540

30,0 11l.67 0e 75 1542 1327
30.0~.12.85 $N0.85¢H15.00.¢13.27
v 30e0 13670 ° ;0.70””15.00"'13.27

30,0 1%e47 7 0s75 . 14058 13427

eao.o 15470 r1.3og‘1s.oo 13, 27
£30.071757. 11420 14458 ..13.27

rao.o 19.7of” 1. 85 15,00 13427

300 “11le 37,w 075 .- 14.81 ‘14.81
an. .,18.67 0eT5 1448l 1481
EB0.0f;iS.ZO\ _1.10 © 20,00 19,37
d SR 1371450 < 20400 19437
1e60. 20,00 19437
1.7o‘xzo.oo 19.%7

tin 0, 07520, 077551 ¢ 55" Y 7.507 519437
30,0 Tel5 1le60 20665 19466

~ 30.0 9625 1.60 18448 19466

300 12665 2435 2065 19466
30.0 1367 105 1902 19,66

252 Co 753
253 06793 250 24540

254 06793 250 32640
255 °

L]
256 0793 250 32640
257 Ce793 250 32640

25,0 2450

30,0 16465 235 1957 19466
30,0 19.70 2¢ 40 19,57 1966
300 Te22 1e85 2595 2582

258 Co793 25,0 3260
259 0,793 250 3260
260 00793 25 0
\ 26 079
262 06793
263 Qe 753 25,0 16500
264 0,793 250 1650
265 Qe 793 250 1650

266 04793
267 00793 250 16540
268 0e793 250 1650
269 0793 . 25.0 165.0

270 00793 250 16540
271 GCe 793 25¢ 0 1650 .
272 06793 25,0 16540

273 06793 250 16540
274 Qe 7S3 25,0 2450

276 0O 793 2560 2450
277 06793 25,0 2450
278 0«793 2500 24540

279 Q0.793 25,0 2450
280 06793 25,0 24540
281 Qe 793 25,0 32600

282 04793 250 32660
283 0.793 _ 25,0 32640

1690 2605 <cOVe -
450 9, 07 1. 90 26.52 26408

a“&s;’Qxaz"lmlﬂ 455'«:‘;! wl‘ ®: 90”““’"25." Lo 260 08
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284 0e793 250 326 *‘ i EETTTY D e oy
585 0793 250 32820 tasw0 1ioe i e 25497 26408
285 0eley  3ew0 3760 _45.0 18.gz»;:1.90,425.3z 26. 08
287 Co7S3 25,0 24540 Lao:o- “5°93f; 1.80  25.87 26400
788 047393 250 24540 ;60.0~ 9:ozﬁﬁ’§°22‘-gi'ozff2°°7€—'
ggq Ce793 2500 24540 60.0"11.05~~~1.40 20’22 2o e
29o 0,792 25,0 245.0 '60s O W13.oz T 1e 45 21°02 il
1 0.793  25¢0 2450 (6040 15410, 1e45. 20. 20—
592 02763 2500 24540 [ 60e0 17407 10e95 z1°45 2074
593 04793 25.0 24540 ?60.0 18 65" 'fo:ao zo°oz ?20.74
lgg; 3:723 zg.% g;b.o ;60.0 19445 | 11e50 20222 -38:32—-
. «0 60s0 : *
206 0793 25.0 32640 . 60s0- 22i2~¢ e a3 26.00
gz; g..‘;gg 22500 32660 x60 012.57 1.02 26:32 gg.gg——_
. 0 32600 “60.07714, 85 74,25 e,
299 0.793 25,0 32640 6040 ¥ - 25 25.68°°26.00
;éxlum 40, 0 zwwlgi% L 150 Fo29%
. 0.0 245.0 3040 1017 1,10 ' 94
302 0.793 40.0 24540 3040 12415 10 1% el
3 N Te5 40,0 245.0 30.0 17.9 2020 1980 1377
304 0.793 40,0 245.0 3040 24:21 ;:%% i%'g% i9'72'
ggz 0.723 400 20,0 34e 2.30 1980 13’33
G.753 40.0 553T""36T""‘—“"“"""“"-———:———-
g%; %.;Zg zg.g zgg.g 30,0 10,06 175 31.33 31.32
. «O 326 30.0 18e42 1leT5 24450 24e24
309 0.793 400 32640  30.0 2470 . . .
310 0.793 40.0 32600 30.0 31.80 %213 32:88 %1’%:
311 0,763 40,0 245¢0 . 4540 6e32 200 21.33 21041
\ ;ig 0.793  40.0 245¢0 450 8e 717 1.20 21.30 1. )
] 0.793  40.0 24540 4540 10028 1.20 20.78 21e 41
3ig g.;gg 28.3 gzg.g 45.0 15642 2400 2163 21e41
[ J [ ] ®
e S L R
0793  40s0 32640  45.0 6.67 1.8 3
318 0.793 40,0 3260 450 15042 183 33:22 32223
319 0,793 40,0 32640 45.0 19455  1e 65 25,00 2533
320 0.793  40s0 32640 4520 54,65 _leB5 . 25400 25,33
SS1 0. 793 40,0 32600 45,0 32082 1.8 25.564 25433
322 0.793 40.0 24540 ~60.0 6015 0. 40 16,92 1596
323 0.793 4600 2450  60s0 17,02 0.%0 16,15 15496
3 5h 0,793 40,0 245¢0 60,0 2730  0.40 15038 15496
355 0.793  40.0 24540  60e0 34455  0.40 15.38 15696
326 0.793 400 24500 . 60s0 6235 153 21,92 21492
327 0e793 40,0 2450  60.0 9. 70 120 21.92 21.92
358 0.793  40.0 24540 6060 13037 1.80 22,60 21692
390 0.793 40,0 24500 60e0 2002 1.30 21e23 21492
350 0.793  40.0 24540 600 2612 1. 60 22. 60 21e92
331 0e7S3 4060 245.0 600 33,72 le30 21.23 21.92
332 0,753 40,0 32600  60:0 6. 77 1.90 3l.4% 26475
333 Q0,793 40,0 32660 1., 85 26629 26.75
334, 0,793 400 32660 oo 2843526475
335 04793 40,0 32600 ] 254 TT 7726075
336 0.793 400 3260 . 25¢77 26475
337 06793 40,0 32640 “52 26475
338 0,793 40,0 32600
339 0.793 3260

4060
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360 Ce753 40,0 32640 T60s0 25097 .- 3400 26429 726475
34'1 0.793 40.0 ’ 326.0 y 6000 33. 75‘.. 10 85 250 77 26. 15
347 1000 150 16540 (30e0 572 0440 19,33 15.84
343 1,000 15,0 165.0 ,30.0” 6025 0060 .16000 15484
246 1,000 15,0 1650 | 30,0 10.10“ 0e 70 113633 1584
345 1e 000 150 16540 gao.ol 0.30 ‘16.88 15.84
347 1,000 150 2450 .3060 J~16.67 16.67
348 1o 000 150 2450 30 3 1w16.s7 “16e6T
349 1,000 15.0 245. ‘306 0 FELY, 4077160 6T 164 67
350 1,000 150 245 3060 9 15 1.40 16667 16667
“331"f2606 — 15.0 326. 30. 0 <70 19452 1965
352 1.000 15.0 32640 300 8.50 1.70 19,23 19445
353 1,000 15.0 32640 3060 8430 2.80 19451 19445
354 1,000 15,0 2450 456 0 Se SO 1e 30 1 7e26 1Te62
355 1,000 15,0 245.0 4540 8e45 1¢85 17e44 1Te42
356 16000 15¢0 245.0 4540 8490 1485 1739 17.42
357 <000 ) 6.0 0.0  5e 77 160 2L.20 2082
358 1,000 15,0 3260 600 1036 1¢70 20e43 20082
359 1l 000 15«0 32640 60. 0 86 20 2,85 2083 20482
360 1,000 4000 245.0 30.0 Ge 15 1e 10 16085 16495
361 1.000 ‘00.0 245 .0 30.0 11.30 1. 10 16085 16.95
362 1000 40,0 245.0 30,0 18455 1,10 16085 1695
363 1.000 40,0 24540 30,0 2507 1.10 16629 16495
\ 364  _.1,0CO 40,0 245.0 30.0 5488 1410 18629 16695
" 365 1,000 40,0 245.0 30, 0 7,80 le40 17.07 16695
" SYSTEM: N-HEXANF—HELIUM-HEAVY PARAFFIN oIL -
367 06793 150 165.0 45, 0 6050 1650 1739 1739
268 04793 15,0 1650 - 450 925 1¢15 1739 1739
369 Qe 763 15,0 2450 300 6.50  1e80 20¢62 204326
370 06793 15,0 2450 30.0 9. 57 1. 80 20.10 20636
371  0e793 1560 32640 3040 6 ¢ 40 2,40 22622 2222
372 0753 150 32600 30.0 9, 37 2,40 2222 22422
373 0,793 4060 24540 20,0 9,91 2,33 20,00 20.28
374 Ce 753 40,0 24500 30,0 18.15 2,33 20,97 20428
276 06793 40,0 3260 - 6040 10.67 3,15 2Be33 2870
377 06793 40,0 3260 600 18440 3,15 28089 28670
378 0,793 40,0 3260 60.0 ze.zo 3,15 28.89 28.70
SYSTEM: N—HEXANE—HELIUM—LIGHT PARAFFIN OIL -
379 0,793 . 15,0 16540 30.0 Be 65 0u40 1518 15453
380  Ce793 15 650 3040 _ Te70 - 40 15487 . 5
381 Ce 793 15,0 24560 4540 690 2,00 2532 25642
382 06793 15,0 2450 45,0 10640 1,90 25053 25e%2
383 06793 150 32660 600 6682 1.80 27.48 2725
384 Qo793 150 3260 600 9,50 170 2703 27425
385 06793 4060 24540 30.0 9e 24 1. 90 21.27 21617
386 06793 40e0 26540 300 20672 1,90 2215 2117
387 Ce 793 400 0 2450 20s 0 30617 0.90 20.89 2)le17
388 06793 40,0 24560 3060 28e4& 1. 90 20.36 21e17
389 0e793 40,0 32600 3060 9,80 2,10 26632 26632
390 0,793 4060 32660 30, 0 19655 2,10 26632 26432
391 0.793 40,0 32660 30,0 3000 2,10 266032 26632

g Ty AT TER TS



- ﬂgg'_

Ge793

' Sa:SzTE%. 7N9;HEx‘;'\;E-oFRii'\:M—HEAW [BARAFFIN OIL
- L ® 00 30
393 0a753 _ 1540 165.0 300 oo o0 tards Yata7
394 0.793 1540 245.0 30,0 6440 1. 75 18, 35 1e°g7
395 Ce 793 150 26540 30,0 865 2,45 18,35 18'32
396 00793 1560 32600 30,0  6e32 3070 2] 83 20,99
397 0.793  15.0 32640 30,0 10.35 1.40 51,13 20,99
368 0.T793 15.0 32640 30.0 740 2450 30.00 20499
399 0,793 15,0 32660 60. O 6040 le 30 22,26 264,13
700 0.793  15.0 32640 60.0 B8e57 1e80 55.00 24e13
401 Oe 793 40s0 32600 300 12,77 3.20 10:71 19.45
402 06793 40,0 32640 30,0 21le32 24 20 19, 71 19, 45
403 00793 40e0 32640 30,0 28400 3,50 19.23 19.45
404 0. 793 40,0 32660 30,0 3415 2420 19415 19,45
SYSTEM: N- HEXANE FREON-14-LIGHT PARAFFIN NIL :
405 06793 150 16560 30, O 6050 0e25 12,50 1250
406 0793 150 16540 300 Be90  0e25 1250 12,50
407 O 163 15, 0 24560 3060 6475 0e40 1Te04 1Tebl
409 06793 15,0 32660 - 30e0 6040 2,460 1869 1917
410 Ge 753 15,0 326e0 300 920 1.30 19.42 19.18
411 06793 40,0 32640 30,0 2070 1¢25 17,50 18.44
412 Qe TS3 40,0 - 32640 30,0 2737 1,20 1812 1R 44
413 0793 40.0 32600 30,0 21040 1.90 19,23 18.44
414 06793 40,0 32640 30.0 21.15 1.90 18689 18.44
Table 1-7
Bubble Formation Lengths hg
Run ) —— I ’
NO. Dp H G QL Uy, Pg ho
1 0,792 15.1 165¢0 30,0 1420 0, C012850 0,546
2 0793 15.1 24540 30,0 42,0 000012850 00909
3 Qe 193 15,1 32660 30,0 1420 0.0012850 1,485
4 0,793 40,0 24540 30,0 142.0 0, 0012850 1, 005
5 0e793 15.1 24540 45,0 14240 0.0012850 0. 754
6 0e753 40,0 3260 30,0 1420 0,0012850 1.183
7 04793 40.0 32640 600 14240 0. 0012850 1,354
8 Qe 793 151 24540 3060 40,0 00012850 0652
9 (Ce793 151 32660 30. O %0.0 O, 0012850 1,046
10 0,793 151 2260 6060 40,0 0, 0012850 0.908
11 . 0. 793 1501 1650 3000 40.0 060012850 00492
12 0,793 40,0 24540 306 O 40,0  0O. CO12850 0,706
13 0793 40,0 32660 3060 40,0 060012850 0794
14 Ce793 40,0 32660 6060 400 00012850 1.008
15 0,793 15s1 2450 3060 9261 0. 0012850 0. 898
16 0e 793 151 24540 Hso.o,_“72.2 . 00012850 . 0e 793
17 00793 151 2450 30,0 7 6le5 0.0012850 0.742 __
18 0793 40e0 24540 300 14200 ”10.0002185 1. 104
19 Ce.793 40,0 2450 ¥30.o 40 0. " 0.0002195 0.915
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71 Oe793 15-1  2645.8 45.0  40.0 = 000002185 0.A7) -

22 Oe 793 15«1 3260 . 60,0 4000 - - 00002185 0BS5S
23. 0.793 15.1 245.0 30.0w,142.0

. 0.0002185 1,169 __
246 06793 15«1 16560 :45.0g'14200 00002185 Ce 790
25 Ce 793 151 165.0 45,0

o : 16240 . 000002185 0.790
26 0793 1541 1650 :30s0 °

"1420011'006038810 0. 758 __
27 Ce 793 15.1 245 .0 i30.0f.142.0:* 00038810 1129

28 Qe 793 15.1 32660 ?6000 A142.0 ‘DeNO388BLO lel74

29 0.793 15¢1 16560 3060 -~ 4000 . 0e 0038810 0, 323
30 GCe793 15.1 2450 3040 4000 . 0.0032810 0,484 -
31 04793 15,1 3260 "' 30e 0 40s0 0. 0038810 0.758
22 1.000 151 1650 30,0 14240 Oe 0012850 00812

®
33 1.000 15«1 2450  30.0 14260 0.0012850

34 1.000 15¢1 32640 30,0 142.0 0. CO12850 1,187
35 1,000 1561 2450 = 450 14240 0.0012850 0922
36 1,000 15«1 32660 60.0 142.0 0.,0012850 1289
37 1.000 1541 165.0 30.0 4360 0. 0012850 Qe 391
38 1000 15.1. 165.0 30.0 4340 000012850 0e%424

39 1,000 15e1 2450 0. O 43, O 0. CO01L2850 06580
40 1,000 15«1 3260 3060 43,0 0. 0012850 1,047
41 1¢000 '15.) 245.0 45,0 4340 0.,0012850 06719
42 1,000 15.1 32660 60. O 43,0 O, 0012850 O.734
43 06594 15«1 16560 = 3040 43,0 0.,0012850 00682
44 Qe 594 151 24540 3060 43,0 .0,0012850 1,06}

A 45 0594 15«1 32640 30.0 23,0  O. 0012850 1., 205
46 06594 15«1 24540 45 40 43,0 00012850 1le1l16
47 Qo554 15«1 32660 45,0 . 43.0 0. 0012850 14197

48 00594 151 1650 °~ 30.0 142.0 0. 0012850 0. 879 .
49 0e594 . ‘  0,0012850 :
50 Ce594 32620 20,0 14240 0. 0012850

51 0594 1 24540 45,0 1420 0. 0012850
52 ﬁ!594m.1§LIMW32§30;476000.U142OQWWMOAQ01235QW,19394 _

Table 1-8

,Totél and Unit Pressure Dxops

) . . o . P
Run ) éPTh AP% l AJE)
NO. Dp .H-. G'__w_.QL  Yon inc C
SYSTEM: N—HEXANE*NITROGEN—HEAVY PARAFEIN OTL

‘ \ 0. 800
0,594 Te8 1650 3040 040530 2460 6604 D0
0. 594 11. 0 165;0 30,0 0s 0530 355 9,017 0770

0. 767
0e594 1440 16560 300 040530 4,50 11e430 .
0:594 20:8 1650 3040 060530 _T.1l0 18.034 O.gég
Ce594 2068 1650 300 _0s 0530 6e 80 17272 0o

0. 73°
04594 3040 16540 30,0 00530 9, 30 23.622 .
Ce 594 7:8 16560 4540 00530 330 8 «382 }.g;g
06594 1140 1650 45,0 0 0530 4,90 12446 1l»

old O P W

40 1.022
T 0.594 1400 16540 450 0.0530 6400 1542

10 0.594 208 16560 450 0,0530 930 23.62% %;232
11 0,594 208 16500 450 0,0530 8,50 21e5 .

45,720 1la431
12 0594 ' 300 16560 450 000530 18400
13 0:594 30:0 16560 450 0. 0530 10.80 2T o432 2'232
14 06594 Te8 1650 60,0 00530 4,00 10160 .

15 0594 11l.0 1650 6000 0.,0530 5660 140224 1e214



16 0594

14,0 165.0
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6000 Oe 0530 . &
i; %-g:t gg.e 165.,0 60.0.0.0530‘13223 ;Z°§Z% 1.159.
18 C.55% 722_;22.3 60.0 0.0530 10290 27.686 10250 0 "
2454 o0 040530 0 z
20 %;%%2 1420 245 0 30.030.0530*'2:?8-1g°gzszg'73955
2170, 59% 4°°° 245¢ 0 30e0 0,0530. 8460 212336 0’299'3’ -
23 Ce594 0.0 24540 30.060.0530$11.3oaza'7oziio'638 %
23 C.5%% 7o8 24540 %5+0.000530., 3410 19874 7 0.9 o
25 0.594 140 24540 %5.0 0s0530 ; 5¢50 13°97o*‘”"o'924 -
26 Co59% 2000 322‘3 2g'gfgb05§0f @.70’24:639170:73;'“
26 Ca5 0 2454 20 040530 15400 = s
. g;'gzggz 40.0 255.0 23.353.0530.14.%%g%:§2%%:ggg S0
- | .“ T .0530 3.7 »,
S o Gn gt i Bl
. . ©0._0.0530_ 6450 - o
32 %:%Zi X %22-% 20.0*0.0530*14.70‘2323;3‘?{:{2g“ﬁ3
M < ® :
e R pi PR
24 g:gzz ig.% 322'% -g%.% %;%233 7950 20.066 o:ggs
. . . 30 1115 284321
56 0.59% T8 326.0 4540 00530 3. - 0. 5%2
37 0e594 14e0 32640 45.o'o°0530 3,05 T u86s
38 0594 300 32640 45.0 0. 0530 15°10 124994 O Bis
36 0,504 40e0 22660 450 0-0530 0.30 262162 G B0
40 O 594 Te8 32640 £0.0 0s0530 g°20 oo L 139
41 0,594 140 32640 60,0 0e0530 S 94308 1.
42 0.594 30.0 32640 6040 0.053) 16°50 16.002 1+ 273
43 0,594 40e0 326a0 60,0 0:0530'1%°é0 30.226 O Ter
.80 656
:g 0.594 4040 32600 600 0,0530 1¢€. 60 4%.%2% %:%%%
wa o2 €793 100 165.0 300 0.0530 >.70 6+B5R8 O 566
o 0.793  1Te4 165¢0 3040 0.0529 4,60 114684 00631
zg q.793 20,8 165.0 30.0 0.0 | 5490 14,986 0:677
Ce793 2048 165.0 30.0 000230 5.45 13843 00625
gg 0.793 20e8 165.0 30,0 0,0530  Se40 13,716 0,619
50 0.793 20+8 16500 3040 040730 5.40 134716 0e 619
. > 0,793 2645 16540 30,0 0.0524 6,40 150256 06576
> 0,793 300 16500 3040 040523 7. 60 19.304 0, 604
53 (o793 30e0 165.0 300 0.0523 740 18,796 0,588
2 o 793 400 165.0 30.0 0.0522 15250 342290 04805
55 0.793 4040 165.0 300 0.0522 8.65 212971 0,516
56 Co793 1060 16520 450 0.0530 3,20 8,128 0,763
57 0,793 17e4 16500 450 0. 0529 5¢20 13,208 0.713
58 04793 20.8 165.0 4540 0.0 7.30 18.542 04837
©9 C.793 20e8 16500 450 0.0230 620 154748 00711
T0 0,793 20+8 16540 450 0.0530 6e25 154875 0. 717
61 0,793 20e8 1650 4540 0-0730 . 6420 15,748 0,711
62 0.793 26e5 16500 4540 oo 0524 Te85 19,939 0.707
64 CoT793 300 16500 450 0.0523 1100 27940 0. 875
65 C.793 3060 16500 450 0. 0523 Ts20 18,288 0.572
6t 0.703 100 16540 6040 50530 3.60 Oe144 0,859
67 Co792 1Te4 16540 6o.qmop05.9ww5-85wL4-859ww0-8°2 vvvvv
68 0,793 20e8 16500 60 p;“”o‘."“n“‘“""“‘""’“"‘r'.”‘rs ";1""9'."685“"“""“0'-’889""*53
659 0,793 208 16500 6040, 00230 6065166891 00763 -
70 G. 793 20e8 16500 60 O] 060530 (6475 17:a145.. 0eTTG
71 04793 2645 1650 600 0] 000574 - .‘oa_z;;r,e‘jé‘df@i?bmzﬁgs,
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72 06793 26¢5 16540 6060 0.0
73 06793 300 1650 60.0 0.0
74 00793 30,0 165.0 60,0 0.0

76 Co 793 1060 2450 300 0.0

524 .. 5410
523 13,00
523, .7« 90
530 .2e45

76 0.793 17.4 245.0 30. 0!,00 0529: 34 80"

77 00792 2068 24500 300 0.0

T8 Co 793 20¢ 8 2450 30.0 0.0
79 04793 20,8 245,0 30.0: 00
80 00793 2048 2450 3040 0.0

b~

81l Ce793 260 & 2450 30,0 0. 0

82 0793 30,0 245.,0 3060 00523 590"

83 Ce793 5000 2450 2040 0.0
84 Ce793 1060 24560 4500 0.0
85 06793 17e4 2450 450 0.0
86 0793 2605 24500 450 0.0

15410,
230 " 4455
530 - 4e 55"
730 . 4450
524 5450

523 10,20
530 280
529 4.65
524 6465

12,954 0,459
33,020 1.03%
20, 066 0, 628 "
64223 06584
94652 i 06521 i
129547 0o 585 I
11557106522 &
11,5857} 0,522 I
11430 . 0e516- .
1397004495
14,986 04 469 -~
25,908 0487

Tell2 0.658
11.811 00637
15891 0599

87 04793 3060 24560 450 0.0
88 0,793 40,0 2450 4540 0.0

523 730

89 Co793 50e0 24500 450 0e 0523 11.90

90 Oe. ° 45 60.0 0.0
91 06793 17e4 24560 6060 00
92 0e793 20.8 245.0 60.0 0. O

522 10,40
0 e 0
509 S.10

6e65

18.542 0.580
26416 0,620
30226 0e5£8

e 74T O, 28
12954 0. 699
15.89) 00753

93 04793 208 2450 600 040

230 6405

94 0o 793 20e8 2450 6040 00530 6400

15. 367 0, 694
150240 0,688

95 Ce793 208 2450 600 0s0730 €e 05 154367 0.69%
WA 96 0793 265 2450 600 0,0524 1450.19.050 0. 675
97 Co793 300 2450 6060 00523 8480

WUE

98 06793 3040 2450 60.0 0. O
99 0e793 4040 2450 6060 0.0

s23 8,05
522 12460

22352 0,700
20447 0,640
32,004 00751

100 Ce 793 40.0 24500 60,0 000522 10,60 26

101 0.793 50e0 24500 6040 0.0

60924 0e632

37338 0,70}

102 Co793 5060 24540 6040 0,0523 12,70 324258 06 606

103 C.793 1060 32640 30,0 0.0

104 0,793 174 32600 30,0 0.0

105 Ce793 208 32660 30,0 0.0
106 0793 208 32660 30,0 0.0
107 0793 208 32640 30,0 0.0

108 Ce 793 2008 32600 30,0 0.0

5¢32% 0,501
80890 Q;&ﬂo

523 1470
530 2.10
529 3.50

4680

230 4030
530 420
730 425

109 0793 2665 32660 30,0 060524 500

110 0,793 300 3260 3040 060

111 C. 793 40e0 32660 30,0 0.0
112 0.793 40.0 326.0 300 0.0
113 0,793 5000 32660 300 060

12192 06550
10922 00493
10,668 00482
10,795 06487
12,700 0, 450
14,351 0. 449

523 5465
522 855
522 7455

523 912

21.717 00510
19,177 0. 450 °
23,165 00435

1146 C.793 100 3260 45,0 Oe 0530 250

115 04793 17e4 32660 45,0 00
116 C.793 208 22640 450 000

6+350 0595
10414 06562
13,716 0619

117 0793 208 3260 45,0 0.0
118 0,793 20.8 3260 45,0 000
119 0.793 208 3260 4540 00

120 0.793 2665 32660 45.0;0.0
121 0,793 3060 3260 4500: 00
122 Qe 793 40,0 3260 4500 O O

124 Ce793 100 32660 60.%;9
125 Co793 174 32600 60¢ 0 :0e

— e S Bl g :
123 0,793 5040 32640 45.o;p.oszaﬁgge

126 06793 208 32640 60.9%19
127 GCe 793 20. 8 3260 60.g~_' 0

128 0,793 20,8 326e0 60, O 0. 0530~ 5¢

529 4010

Se&0
230 . S« 05
530 ...5¢00
7307 5400 .
523 690
522" 8¢ 34

12.827 0579

126700 06573 .-

124700 06573
V4e732 0,522




129 0.793

56e5 326e0 6060 00524 ' 6460 16764 0o59
130 Ce 793 3000 32660 60.0 0.0523 750 19,050 0596

131 06793 400 326e0 60e0 00522 9490 256146 - 0, 590
132 Oe 793 5040 32640 5060 060523 1240 31,496 0.592_ -
132 1,000 :

7o 6 16540 3040 0405307 2,65 - 64731 0,825~
134 1,000 11,0 165.0 30,0 00530 3,35 8509 0, 726
135 1,000 155 165.0 50(0 De0530 420 10922 06662
136 1,000 30,0 165.0 2060 O 0530 8,00 20,320 0. 636
137 1,000 40,0 165.0 30,0 0,0530 12,70 32.25%8 0. 757
138 1eCO0 4060 165.0 30,0 000530 8,00 206320 De&77
139 1.000 Te6 165.0 45,0 0, 0530 2,70 6.858 0,842
140 1000 11.0 1650 4560 060530 3645 8aT63 06748
141 1,000 155 166 0 450 CeT530 Ge60 11,684 0,708
142 1,000 3060 165.0 45,0 0,0530 820 200828 0,652
143 1.000 76 16560 6060 000530 2,80 T.ll1l2 0873
144 1o 000 11.0 165.0 60,0 0.0530 355 9,017 0.770
145 1,000 1545 16560 60,0 00530 480 12,192 0, 739
146 1,000 30,0 165.0 600 00530 940 23876 06747
W 147 1,000 3060 1650 600 O, 0530 8,40 21336 06,668
A 148 1.000 Teb6 245,0 3040 0.0530 225 Se715 0. 702
WE 149 1,000 15 5 2450 300 00530 390 9 ¢906 0600
150 1,000 3040 245.0 30,0 000530 & 90 17.526 0,549
___l2l_l;QQQ__&Q;Q_2&24Q__1Q4Q_Q;Qé2Q__QAEQ_ZL;EQQ__gxgg%_____
®

152 1,000 Te & 24560 4540 Oe 0530 240 64096

153 1,000 1565 2450 450 00530 4010 - 10. 414 0, 631
154 14000 3060 245,0 450 00530 730 180542 0580
155 1.C00 4000 245,0 45,0 O 0530 _9.10 234114 0.543
156 1,000 Te6 2450 60.0 0.0530 2060 66604 0,811
157 1. 000 155 245.0 60.0 00530 4430 10922 D0De662
158 1,000 30.0 245,0 60,0 0. 0530 T 80 19812 0, 620
159 1,000 40.0 245,0 6060 0.0530 970 24,638 04578
160 1,000 Te &6 32640 30,0 00530 1¢75 G445 De 546
161 1,000 15.5 3260 300 0.0530 350 8890 0. 539
162 1,000 30.0 3260 3060 0,0530 6610 15494 0s 485
163 1. 000 40.0 326e0 30,0 O, 0530 Te60 19,304 0,453
164 1,000 Te6 32640 45,0 00530 1e 85 40 6S9 0, 577
165 1,000 155 32660 4540 00530 3,60 9el4b4 0554
166 1,000 30.0 32660 450 0. 0530 €070 17,018 00533
167 1,000 40.0 32640 450 00,0530 8.20 20,828 0s 489
168 1. 000 Te 6 3260 0 60 0 000530 2.00 5,080 De 624
169 1,000 1565 32600 600QgQ,QﬁgmeBQ90T5?,9p6r§0rboqﬁﬁ
170 1.000 3060 3260 60.0?0;0530mw7¢15'180161 04569
171 1. 000 40.0 3266 O 60.9;0.0530 .§090‘22.606 0.531

" SYSTEM: N-HexANE-NITRQGEN-LIGQITPékﬁﬁgiN,Oly;

17 g 165.0 30s0 0,0530 1,80 4572 0.568
17% 3:332 1120 1650 300 00530 2,00 Te366 0645
174 Co 594 1400 1650 30,0 00530 380 9,652 0664
175 02594 3000 1650 3060 0, 0530 Te70 19558 0.628
176 0,594 30.0 16540 30,0 00530 5,40 13,716 0s440
177 Ce 594 78 1650 450 0.0530 230 5842 De726
178 04594 14e0 1650 45,0 00530 4e80.120192 0,839
179 0,594 140 1650 4540 00530 380 9.652 0664
180 O, 594 30,0 1650 Z5¢ 0 Oe 0530 10.80 276432 0881
181 06594 3060 1650 45,0 040530 6030 166 002 0.313
182 0594 11le0 1650 65,0 00530 3,20 80128 0o 12

oed
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133 C.5%4 7<8 16540 60.0 0.0530 280 7.112 O.RB&

184 0594 11,0 165.0 600 0,0530 2,50 BeBSO 0,778

185 0e594 1400 1650 60s0 000530 5630 136462 06926

186 045904 1460 165.0 60,0 0.0530 4e20 10,668 0,73%

187 04594 3040 16540 60¢0.000530...7e20.18¢288 .. 06587 .-
188 0e594 300 1650 60.0;0.0530“12;00;30.430‘“0.9793&
189 04594 11,0 1650 600, 0.0530 6000 106160 0.890
190 Oe 594 78 24540 ao.ogo.osaofgl.vo;a4.31aumo.537;ﬁ
191 Qe 594 11 0 245 0 BOOOEQQOSBOﬁWZQZOff5.588¢r°.489 ?% -
192 o.§6?"f&;6‘i?§th7'§o.ofo.osaogea.zo 8,128 ..0, 559 -
193 00594 1440 24540 2040 00530 2670 64858 0672
194 Ce 594 30.0 245, 0 3000;000530g;5060 14.22“::0.457;ﬁ -
195 0,594 3040 24540 30.0}0.0530?*5.00_12.700{_0.408"

i

196 Coe594 Tef 2450 45.050.05305?2.00~_5.080{50.6313§
197 04594 11-0_322;2__35.03p.0530ﬁ?2;70}*6.8533;0.501333 _
198 0e594 14.0_245.0 k5.0§050530 3.802795652§%0°664jﬁ
199 Qe 594 14¢0 2450 450000530 3.30 ‘84382 ;04577 i
200 0594 30,0 24500 45.0%0q0530 7.80W19.812j&0.6365ﬁ
501 0s594 30e0 24540 45.03@;9530u“6.50;16.510:405530;@
202 Ce€94 Te8 2450 6 00 0505 0530 72,257 5,715 “'0s 710
303 0594 11,0 2450 60¢0 000530 2,20 8,128 0e712
204 Oe . «0 Oe e20 10 .
205 0594 1460 245,0 60,0 0. 0530 2, 80 94652 0 66%
206 0594 30.0 245,0 6060 00530 9,40 23,876 Qe 767
207 Oe594 3060 265, 0 60Ce 0 0. 0530 T30 186542 D595
) 208 0,594 Te8 32650 30,0 0,0530 1.60 4o 064 0, 505
0e594 lé4e0 32660 300 00530 2430 5.842 06402
0. O Ge 0 30 53 4eT70 938 De383
211 0594 40.0 32640 30.0 00530 6o 60 166764 0. 404
212 Qe 594 Te8 32660 45,0 0053) 195 %953 De 616
213 C.594 14,0 3260 45, 0 Oe 0530 3,00 7620 0524
214 0.594 3060 32660 450 000530 5,90 14986 0e481
215 Ce 594 400 32660 45,0 00530 7.90 204,066 0483
. 216 0.594 Te8 32660 4“5 0O Os 0530 2¢ 30 5e842 0., 7256
WA 517 0,594 1400 32660 4540 0.0530 3¢50 Be890 0,612
e 218 Ce 594 300 32640 45,0 060530 6,70 17.018 De 546
219 0594 4060 32600 4560 060530 8s 00 224 606 0, 544 :
_220 c-?%M
551 0.793 17«4 1650 3040 00526 4,45 11e303 0,626
222 0o 793 300 165¢0 3040 0.0524 8470 220098 0.709
222 Ce793 30,0 165.0 30,0 0Oe 0524 5. T7T0 140478 Ds 465
224 06793 35,1 165,0 30,0 O 0523 1,50 29,210 Oe 802
225 GCo 793 3501 16500 30,0 000523 6e75 1T7el&5 Do&4T0
226 06793 4000 1650 30,0 Oe 0521 14,40 366576 0, 881
227 0793 4060 1650 300 0.0521 7.34'18.644 De 449
228 Q067973 10 0 1650 46540 Oe¢ 0525 3,10 T.87T4 De 758
229 0,793 17¢4 1650 4560 00526 €e 45 13,843 0, 766
230 Ce793 17e4 1650 45 60 D.0525 b4oltD 11303 06626
231 Ce793 100 165.0 60, 0 Oe 0525 325 84255 De 795
232 0,793 174 16560 600 00526 S5¢ 45 13,843 0o 766
2233 Ce 793 100 2450 3060 00525 2430 5 e842 Dae563
234 0,793 17e4 24560 20 0 Oe 0526 3. 45 Be 763 Oe 485

e

.
|

235 0,793 2048 2450 3060 060 Se15 13081 Qe 606
236 0:793 20:8 245, 0 300 000230 425 10?795 0500
237 0793 20e8 245.0° 30,0 000530 4e 25 106795 0, 500

00005246 301600200 510
36 0793 30.0 24540 30e0:080824: 80300050 0Ty gy ]

0e0-5
239 Qe 793 300 245.0 30, 0 0e 052
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240 0.793 35e1 245.0 30407 0.0523 745 184923 0,519 -
241 GeT793 35e1 245¢0 3040 040523 . 5495 15,113 De 415 :
242 Co793 40e0 24500 30.0 0. 0521  Se44 23,978 0.577. }
543 0793 40e0 245.0 30.0 0.052) 674 17.120 . 0s412 %
244 Co793 50e40 24540 3000 0e0520.13¢30-33 4782206651 ¢
245 0793 5060 24540 3000 0. 0520 .7« 90, 204066, 0,387 _
266 00793 10.0 245.0° 45.930.0525@52;60116.604?]0-63&
247 CeT93 1Te 4 245.0 45,0 0.0525714415:104541 1 0,584
248 04793 1Te4 24540 45,0 00526 3.95:10s 033 ° 0, 555 i
549 Co 703 20e8 245e0 450 060 5460 14224 04659 1:
550 0,753 20e 8 24540 45¢0° 0s0230 ° 475 12.065 . 0e559 !
551 0,793 20e8. 24540 45¢0 040530 - 4e75.12.065 1005591 .
557 0. 793 30e0 245+0 45.0:.0,0524 1 T80 194304 00620
553 0,793 30e0 245.0 4500°0,0524" 5690 14,986 ‘0o 4B ¥
2564 04793 351 245.0 450 000523 995 250273 0,694
566 0e 703 35«1 245¢0 @50 000523 645 164383 04450
556 0.793 40e0 24540 45.0 0s0521 11,50 29,210 0, 703
257 0.793 4040 2450 4500 000521 735 18.669 0. 450
558 Ce 793 10e 0 245. 0 60.0 040525 2490 7366 0,709
259 0,793 17e& 2450 6000 040526 470 11.928 0,661
260 Ce793 20eB8 24540 6060 0.0 5,90 14,986 0694
) "‘E3T‘ﬁ7733"i67E‘EZE?ﬁ"3676‘676?36“37T§’T§:6§1 0.605
262 0,793 20e8 24540 600 040530 5¢15 13,081 0, 606
563 Co793 300 24540 60e0 040524 8450 21590 00693
564 0.793 30.0 245.0 60.0 0.052%4 €. 30 16,002 0¢51%
265 0.793 400 24500 60e0 000521 1240 31.496 00758
266 C.T793 40,0 24500 60s0 000521 7T.8% 19.914 00480
R 537'o.?63“'5?:3’?23?6'”36?6‘6767?6“276§'TEIéﬁi’ 0, 475
NA 568 0.793 25.5 24540 6040 040720 755 19177 0o 724
WE 269 0.793 10e0 32600 3040 0.0525 1485 %699 0e453
270 00793 174 32600 300 0.0526 2,90 Te366 0. 408
571 Ce793 208 32600 300 00 4,00 10160 00470
573 C.793 20.8 32600 300 0,0230 3,75 96525 Oettl
573 0.793 20.8 326.0 30,0 0.0530 2,80 94652 0¢447
574 0.793 20e8 32600 30.0 000730 3,65 94271 04429
375 0,793 3000 326.0 300 0.052% 4e 80 12192 00391
ST 0.793 35.1 32640 3040 000523 5,75 14605 0Oe401
577 C.793 35,1 326e0 30s0 040523 5,65 144351 06394
578 0.793 4000 326s0 3000 00521 6o 64 166358 0,394
579 0.793 400 32600 3000 000521 6.34 164104 00388
580 0.793 5000 32660 30.0 0.0520 8,30 21,082 04405
281 0,793 50e0 32600 3060 00520 7.90 20,066 0. 387
582 GCe 793 10e0 3260 450 0.0525 2420 5588 0.538
383 0.793 17e4 32640 450 0.0526 3,25 84255 0457
584 0.793 2048 3260 450 0.0 4,65 114303 00523
285 Ce 793 2068 32640 %5.0 000230 - 4010 104414 0.482
286 0.793 208 32600 4560 0. 0530 4e15 104541 0,4E8
587 0.793 30,0 32600 450 0.052%4 5e40 13716 0s 440
588 C. 793 351 326s0 450 0.0523 635 16,129 00443
589 0,793 40.0 32660 45009000521@37{25;18'415jﬁo'443ﬁ?
290 Ce792 500 32640 45.o;o;oszo~‘9.1oﬁa3f114 °°4:§‘3£ -
292 04793 17.4 32640 60.030.05%9%§3q99@&919°6ﬁ¢°'565 .
293 00793 2048 32660 6000:10s0.500 " 4980:12192°% 0050, 11 -
~ 594 04703 2068 32600 500 0, 0 02304050 11420 0 0o 1]

295 0793 20,8 326.0 600 0; 00530::

-11e430.506529 -1

oo
LI

4059

A |

=
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206 Co793 2068 32640 6000 0.0730 . 4453 11.430 0,529

—567 02793 30.0 32640 60,0 0.0524  5.80 14,732 0,673 -
298 0sT792 4060 326e0 60e0 040521 77419660 0,473 !
299 Ce793 5000 32600 60s0 0.0520  9.70-24.638 04475 .
300 06793 5c6 326e0 60e0 040720 ,.4080 12,192 0,461 ' -
‘301 1¢000 Te6 16540 300 000530 ' 2465 6731 10847
2302 14000 1160 1650 30s0:0s0530 3440 B8e636 - 0e756 '
303 1,000 1565 16540 30.020.0530;;4.75”12.065;“0.750;? B
305 14000 1140 165,0 45,0 00530 3,50 8,890 0.778 '

—306 1<000 155 165¢0 4540 060530 4485 12,319 0,766
307 1le 000 7.6 16500 600 00530 275 64985 06879
208 14000 11,0 1650 60¢0 040530 3.60 9 144 0, 801
309 1.000 155 1650 6040 00530 495 124573 0. 781
310 1,000 7.6 24540 30e0 00520 240 6¢096 0,768
311 1,000 1545 245¢0 30,0 0.0530 4.00 10,160 0, 631
312 1e.000 o0 2450 3060 00530 <30 18.542 0.595
313 1,000 4060 2450 30,0 0,0530 9.30 23,622 0.569
314 1,000 7.6 245.0 45,0 000530 2445 60223 0.782
315 1.C00 15.5 2450 4540 040530 4.00 10,160 0e631
216 1,000 300 245.0 45,0 0. 0530 7.60 19304 0,620
217 1,000 4040 2450 4540 00530 9e55 244257 0. 584
318 1. 000 T 6 245, 0 60Ce0 0.0530 2450 64350 0,800

NA 379 1.000 155 2450 600 000530 4¢30 106922 0. 679

JUE 320 16000 30e0 2450 6060 040530 7¢85 19,929 06640
321 1,000 400 2450 60.0 0.0530 980 240852 0599 °
322 1,000 7.6 326.0 30,0 000530 1e75 4445 _ 0, 560
393 1,000 1565 32640 30e0 0640520 3450 84890 04552
324 1.000 300 32600 30s0 0,0530 £.40 166256 06522
325 1,000 4040 32640 3040 0.0530 8,00 204320 0.489
326 1.000 7o &6 32600 4500 000530 1483 44699 00592
357 1.000 15¢5 3260 #45¢0 000530 3.70 9,398 0,58%
328 1,000 300 3260 4540 0.0530 5670 17018 0o 546

© 329 1,000 40e0 32600 4500 00530 Be40D 216336 0.514
330 1,000 7.6 326+0 60.0 0.0530 2,00 5,080 0. 640
331 1,000 1565 32640 6060 00530 3,80 94652 06600
2332 1,000 3000 32600 60,0 0,0530 6695 17653 06567
333 1.000 40-9;326p9N”é9gQ0Qegﬁéoﬂmﬂ-7°L§3;92Q 0 532
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1-B. Consistency of Experimental Data

Because of the continually changing general characteris-—
tics of unstable vertical two phase flow, it was not possible
to compare directly the results obtained by previous inves-
tigators (3,5,6). The consistency of the data can be however

checked by comparisons of independently measured experimental

data.

From material balance :
aApH = n Vg

where n is the number of slugs in the tube

H——
0A.H = — F V
P Ug ]
oA Us
or ;?_ = 1.0
F Vg
as Vg = (ayLg — byDp) 2p

aU
o.. _ — = = 1.0 (l-l)
F(a,Lg - byDp)

The consistency of the independently measured gquantities
a, Ug, F and fs was then tested noting the deviation from
unity. In general, the consistency of the data was fairly
good and some of the results are shown in Pable 1-9. The
mean square deviation of the results from 1.0 was * 0.18

which seem reasonable due to the inherent nature of the slug

flow.
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1-C. Mass Transfer Efficiencies

- Table 1-10 experimental mass transfer data.

2.3510

. Table 1-10
Experimental Mass Transfer Data
. Run 2 2 Lo
ABSORBER DIAMETER = 0.793 CM %102
SATURATOR TEMPERATURE ==|5°C
SYSTEM: N- —HE XANE=NI TROGEN-LIGHT PARAFFIN NIL
GAS RATE = 165.0 CC/MIN LIQUID RATE = 30.0 CC/MIN
). 5.7 T76lel 23650 0.1243.0.0538 0.9695 3.443 Ce24
2 5.7 76i.l 23650 041311 0.0536 0.9665 3.442 0,24
3 10.0 765.0 23530 0.0978:0.0541 0,9810 3.904 0e53
4 10.0 765.0 .2.3530 0.1032 0.0540 0.9786 2.904 0.53
5 15.0 7656 235310 0.0859 0.0544 0.9863 4.215 0.87
6  15.0 765.6 2.3510 0.0908 0.0542 0.0841 4.215 (.87
7 17.4 T172.5 2.3300 0.0810 0.0540 0,9881 4,353 1,03
8 174 1725 2.3300 0.0856 0.0538 0.9860 4.35% 1.03
9 200 7679 2.3440 0.0770 0.0544 0.9901 4.52€ .20
10 20,0 767.9 2.3440 C.0814 0,0543 0.9882 4.528 1.27
11 265 TB2.6 2.3000 0.0688 0.0535 0.9932 4,862 1.64
12 26.5 782.6 2.3000 0.0728 0.0534 0.5914 4,869 1.64
GAS RATE = 165.0 CC/MIN "LIQUID RATE = 45.0 CC/MIN
13 S.7 76065 23670 0.1103 0.0362 0.9682 3.408 023
14 5.7 16065 23670 0.1164 0.0261 0.92655 3.408 .22
15 100 T765.0 2.3530 0.0932 5.0362 0.9754 3,660 0.9
16 10,0 765.,0 23520 0.0985 0.036) 0.9731 3,660 049
17 17.%4 172.5 243300 0. 0766 0.0361 0.9824 3.985 0.95
18 )74 77245 >.3300 .06.0809 0.0360C 0.9804 3.985 0.95
19 20.0 76C.5 2.3670 0.0721 0.03€7 0.9848 44132 1.11
20 20.0 760.5 2.367C 0. 0762 0.0367 0.9830C 4.132 1lell
21 25.0 7826 5.3000 0.0686 0.0357 0.9855 4.173 .42
22 26,0 782.6 2.3000 0.0726 0.0356 0.9827 4.173 .42
23 26+5 7826 243000 0O« 0668 0.0357 0.9863 %.229 151
24 2645 182.6 2.3000 0. 0707 0.0357 0.9845 4.229 151
GAS RATE = 165.0 CC/MIN LIQUID RATE = 60.0 CC/MIN
25 5.7 7585 2.3730 O. 0973 0.0274 0.9702 3.475 0.2
26 5.7 75805 23730 O 1027 0.0273 0.9678 3.475 021
57 10.0 764.0 2.3560 0. 0843 0.,0273 0.9755 3,670 Qa46
28 0.0 T764.0 2.3560 0.0891 0.0272 0.9735 32.670 0. 46
29 15,0 T72e5 243300 0.0694 0.0272 0.9817 3.953 0.74
10 30 1540 TT72e5 23300 0.0734 0.0271 0.9799 3.952 O T4
31 17.4 T72.5 2.3300 0.0688 0.0272 0.981.9 3.966 0,08
32 17.4 17245 23300 0.0728 0.0271 0.9801 2,966 0.88
33 20.0 164.3 2.3550 0. 0648 0.0275 0.9840 4.086 1.02
24 20.0 76443 2.3550 Oe 0685 0.0275 0.9824 4,086 .03
GAS RATE = 245.0 CC/MIN LIQUID RATE = 30.0 CC/MIN
35 S .7 761a)l 2.3650 Oa 2274 0.0786 029349 2.709 0.17
36 5.7 76lel 2.3650 0o 5343 0.0784 0.9318 2.7090 0.17
27 10.0 T65.0 2.3520 0.1947 00,0793 Q. 9493 2950 C.28
38 "0 765.0 243530 02020 0
39 i%.o ;65.6 0.1601 0.0805 O. 9649 3310 0.63
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| 40 15.0 765.6 2+351G 01665 0.0803 0.9620 32.310 0.6
41 17a4 77245 223300 03470 0.0802 0.9703 3,472 0. 75
%22 174 T72.5 23300 0.1530 0.0800 0.9675 3.472 0.75
43 250 782¢6 2.3000 0.1262 0.0795 0.9745 3,605 1,132
44 25,0 TB2.6 243000 00,1435 0.0792 0.9710 2,605 1,13
45 26.5 782.6 2.3000 0.1217 0.0800 0,982 2,898 1.2}

46 26¢5 T82.6 2.300C 0.1283 9.C797 0.9781 3.898 1.2!

&1 gwwlﬁaw% 138

%8 30.0 T69.2 2.3400 0.1027 0.0821 0.9909 4.858 1.38 :
GAS RATE = 245.0 CC/MIN LIQUID RATE = 45.0 CC/MIN o

49 Sl.1 260.5 2.3670 0,2153:0.0528 0.9298. 2.633 0.16
. 5Q 6.7 760e5 23670 0.2220i0.0526 0.9264  2.632 0.16 1:

51 10.0 765.3 2.3520 0.1590%0.0538¢0g9542?13.054W_0.36 by

52 10,0 765.,3 2.3520 0.165329,0536“0.9514i; '

53 15.0 7725 23300 0.1380: 0.0537:0.9630

54 15.0 T72.5 2.3300 0.1454: 020536509597

€5 - 17.4 172.5 2.3300 0,119230.0542 Q09T b

56 17.4 772.5 2.330C0 0.1258; 0. 0540 0.9685

57 20.0 76l.4 2.3640 0.1127:0.0552: 09751 &

58 20.0 76l.4 2.3640 0.1190: 0. 0551:0.9723

59 265 1826 23000 0.1013} 04053909789

60 26.5 T782.6 2.3000 0.107Q30% 537509767

61 30.0 7692 2.3400 0075310055 9913 :~4e645 1o -

62 30.0 769.2 2.3400 0.079!39QD55ﬁﬂ0,1894w;4-645wgl.30ﬁﬁ

63 &40.0 780.9 2.3050 0.0632“0?05#9”0;9963*“5;420““1.77““

64 40.0 780.9 2.3050 0.0668 0.0548 0.9947_  5.420 1.77
GAS RATE = 245.0 CC/MIN LIQUID RATE = 60.0 CC/MIN

65 5.7 760.) 2.3680 0.1963 0.0400 0.9328 2.677 0.15

66 5.7 760.1 2.3680 0.2037 0.0399 0.9296 2.677 0.15

67 10.0 7653 2.3520 0.1387 0.0407 0.9576 3.124 0,34

68 10.0 T765.3 2.3520 0.1461 0.0406 0.9543 3.124 0.34

69 15.0 7725 2.3300 0.1095 0.0409 _0.9700 3,464 0.57

70  15.0 T72.5 2.3300 0.1155 0.0407 0.9673 3.464 0257

71 17.4 772.5 2.3300 0.0921 0.0412 0.9777 3,755 0.67

72 17.4 772.5 2.2300 0.0974 0.041) 0.9754 3.755 Q.67

73 2040 1673 23460 0.0861 0.0416 0.9807 3.894 0.79

74 20.0 76T<3 23460 0.0909 0.0415 0.9785 3.894 0.79

75 2645 7826 23000 0.0680 0.0410 0.9880 4.358 1.08

AV p16 2665 782.6 2.3000 0.0720 0.0410 0.9863 4.258 1.08

S VEAS RATE = 326.0 CC/MIN LIQUID RATE = 30.0 CC/MIN

nouETY 5.7 76l.1 2.3650 0.3329 0.0976 0.8962 2.245 0.12
78 5.7 76l.1 2.3650 0.3421 0.0971 0.8920 2,245 Q.12
19 10.0 76580 2 .3530 0.2480 0.1010 0.9347 2.703 0.30
80 10.0 765.0 2.3530 0.2554 0.1006 0.9313 2.702 0.30
81 15.0 7656 2.3510 0.2070 0.1028 0.9536 3,036 0,50
82 15.0 765.6 2.3510 0.2146 0.1024 0.9501 3.034 0.50
B3 174 1725 2_3300 0.1R881 01024 00,9615 2 216 059
84 17.4 1725 23300 0.1952 0.1021 0.9582 3.216 0.59
86 26,0 7679 2. 3440 0,.1784 0.1038 0,90667 2,452 C .85
87 265 782.6 2.3000 0.1552 0.1025 0.9760 3.671 0.95
88 2605 T782.6 2.3000 0.1615 0.1022 0.9730 3.222 g.gz
B9 30,0 769.2 2.3400 n.1zga_n;1ﬂﬁh_n;2a22__ﬁl_, a
90 3040 7692 243400 0.1369 0.1053 0.9859 4.392 1.23
91 40.0 780.9 2.3050 0.1176 0.1045 0.9940 4.913 . 4
92 & ' 4 9 9
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T GAS RATE = 326.0 CC/MIN LIQUID RATE = 45.0 CC/MIN
93 5.7 760¢5 22670 0.2867 0.0667 0.9043 2.328 0,12
04 5.7 T760,5 2,3670 0.2949 Q.06 0.9 2.328 0.12
95  10.0 T66.3 2.3490 0.2128 0.0684 0.9367 2.733 0.28
06 10.0 T66e3 2.3490 0.2205.0+0681,009332:,.2+732.-:028 -~
97 1540 772.5 2.3300 o.167536;06§2“6;9565?“3.102“”0;41*;&
—58  15.0 772+5 23300 0.)74170.0690 0.95357°:3.102 0.47 wid
99 17.4 7725 2.3300 0.1552}0.0694,.0.9620773.235, 0.56 2
100 17.4 772.5 2.3300 0.161540.069270,959273.235 0«56,
101 20.0 7673 2.3460 0. 145310.0704. .0.9671 3,363 . 0.66 i
102 20,0 767.3 2.3460 0.153019;070250.9636f-3.363;~o;6613i
103 " 26.5 782.6 2.3000 0.11523o;qagzgoggzqegﬁa.szs,_0.91%;g
104 26.5 782.6 2.3000 0.1215ﬁ9;Q5j530.9767ﬁ;3.825:;o.91éy“
105 30.0 7692 23400 0.1086:0.07 2 09835 : 44027 ;104 ;!
106 30,0 769.2 2.3400 o.1141ﬁp&07,,¢0;9301334,021;;1.04;?3
GAS RATE = 326.0 CC/MIN Llnutoyggxe’#_6Q,ox4cc1mxu‘;“ﬁ
107 S.7 7601 2.3680 0.2463303951Q@0J9157§32.4553;0.11;,3
108 5.7 760.1 2.3680 0.2537;0.0508:0.9125 «455 - 0okl -
109 J0.0 766.3 2.3490 0.184Q§Q;Q52q;o;9925h.z;eaog;o.zv;;,
110 10.0 766.3 243490 0.1910*0?0518“0;9394“W2;830”‘0.27“”
111 15.0 7725 2.2300 0.1445 0.0525 0.9596 3,168 0.45
112 15.0 772.5 2.3300 0,1522 0.0523 0.9561 3.168 0.45
113 174 7725 243300 0.1339 0.0527 0.9644 2,291 0.54
114 17.4 772.5 23300 0.1411 0,0525 0.9611 3.29) 0.5&
115 20.0 T66.6 2+3480 0.1257 0.0534 0.9685 3.410 0.64
116 20.0 766.6 23480 0.1326 0.,0532 0.9654 3,410 Q.64
117 26.5 T782.6 2.3000 0.3013 0.0526 0.9783 3.776 0.87
118  26.5 782.6 23000 0.1070 0.0525 0.9757 3.776 0.87
119 30.0 769.2 2.3400 0.0932 0.0538 0.9828 3.997 1.00
120 30.0 769.2 2.3400 0.0985 0.0537 0.9804 3.997 1.00
121  40.0 780.9 2.2050 0.0851 0.053) 0.9858 4183 137
122  40.0 780.9 2.3050 0.0899 0.0530 0.9836 4.183 1.37
ABSORBER DIAMETER = 0.793 CM
SATURATOR TEMPERATURE == 2°C
SycTEM: N—HEXANE=NITROGEN=1 IGHT pARAEFIN OIL .
GAS RATE = 165.0 CC/MIN UIQUID RATE = 30.0 CC/MIN
123 5.7 770.8 5.2540 0. 2463,;021236::09761;5::32703::::0+ 20
124 5.7 7lgL§_§L;§gQ_Q;;537*03[234W61974§ 3.703770.24
125  T.5 77048 5.2540 0.208510.1245 0.9836 ;
126 7.5 770.8 5.2540 0.216§§%.§%2%ﬁ%;%g%§» 4 ;
128 10.3 765.6 5.2900 0.1826 01260009890 4.580 .. 053
129 12.0 767.0 5.2800 o.1593?o,1263@959936fx9-9613”“‘67»_;
130 " 12.0 767.0 5.2800 0.1657:';1292;&.9923fa49961¢e0-67 3
131 17.4 770.0 5.2600 0.1420 }1262’0.9969éf5.582;;1a03 ;
132 17.4 770.0 5.2600 0.1496.0. 39543355582;@130%,;;
133 20.0_ 768.9 542670 .9981 ;5. 990, (120 05
134 20.0 T168.9 5.2670 ) 967 135990 . -
135 25.0 775.5 5.22C0
136 25,0 7759 5.2200
GAS RATE = 165.0 CC/MIN
137 5.7 768.6 542690
1 3 8 Y 68 .6 =
139 13.2 165.6 5.2900 0.1675 0.084% 0.9840 4.099
140 10.0 765.6 5.2900 0.1741 0.0843 0.9827 - 4.099 g.;z
141 14.0 7670 5.2800 0.1388 0.0847 0.9896 4,500 .

I~
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142 1440 767.0 542800 0.1462 0.0846 0.9881

4.500

Q.74
143 174 7700 52600 041298 00845 0.9912 4.665 0.95
144 17.4 1700 5.2600 0.1369 0.0844 0.9899 4,665 0.95
145 20.0 7689 5.2670 01257 0.0847 0.9921 4.760 1.11
V46 20.0 7689 5.2670 0.1326 0.0846 0.9907 4,750 1,11

GAS RATE = 165,080 CC/MIN LIQUID RATE = 60.0 CC/MIN
147 5.7 766+6 5.2830 0.2C05 0.0629 0.9737 3.610 0.21
148 5.7 766.6 5.2820 0.2079 0.0628 0.9722 3.610 0.2l
149 10.0 76526 5.2900 0.1536 0.0636 0.9828 4,028 C.36

150 10.0 765.6 5.2900 0.1538 0.063° 0.98)6 4.028 046

121 14.0 767.0 5.2800 0.1233 0.0638 0.9886 4.41°0 0.68

HOULB2  14.0 T67.0 5.2800 0,1300 0.0637 0.,9873 4.41l9 C.68
153 174 7700 5.2600.0.1135 0.0636 0.9904 4.586 0.83
154 17.4 770.0 5.2600 0.1198 0.0636 0,9892 4,586 0.AR
155 20.0 768.9 5.2670 0.1009 0.0639 0.9929 4.873 1.03
126 20.0 768.9 5.2670 0.1066 0.0638 0.9918 4.873 '1.03

GAS RATE = 245.0 CC/MIN

L IQUID RATE =

30.0 CC/MIN

157 5.7 T 9388 2.777 0.17
158 5.7 770.8 5.2540 0.5011 0.1797 0.9367 2.777 Q)7
159 10.0 770.8 5.2540 0.3123 0.1864 0.9752 3,661 0.38
160 10,0 77Q;g_i;Zi&Q_QLAZLQ_Q;lﬁﬁl_QAS734 2,661 0.28
161 14.0 T67.0 5.2800 0.2541 0.1895 0.9873 4.310 0.58
162 14.0 767.0 S5.280C 0.2616 0.1892 0.9858 4.310 0.58
163 99 0 QQ21 4,752 0.78
164  18.0 T70.0 5.2600 0.2368 0.1893 0.9906 4753 0.78

GAS RATE = 245.0 CC/MIN LIQUID RATE = 45.0 CC/MIN
165 5.7 770,8 5.2540 0,3996 0,1226 0.9460 2.902 016
166 5.7 770.8 52540 0.4087 0.122%4 0.9442 2.903 0.16
167 10.0 765.6 5.2900 0.2711 0.1266 0.9720 3.549 0.36
168 10.0 7¢é5. 2900 0.2 .1264 09705 3.549 036
169 14.0 767.0 5.2800 0.2128 0.1277 0.9835 4.059 0.55
171 18.5 770.0 5.2600 0.1809;0.1280 0.989] 4,510 " 0.76 i
172 18.5 770.0 5.2600 0.1879:0.1278 0.9883 744510 0.76
173 20.0 768.9 5.2670 0.167230.1232%V39923;vazzp;awp.ea
174 20.0 768.9 5.267Q_Q;174§§leZSQWO-QSQQEgﬁ!??l“*0»33
175 25.0 175.9 5.2200 0.1608;0351274,:0%9934 4.,937...1.07
176 '25.0 775.9 5.2200 0.1672§g§1272* | 49375 Ve
177 - 30.0 7735 5.2360 0.13390.1284% 4
178 30.0 773.5 5.2360 0.1411;0%12

GAS RATE = 245.0 CC/MIN L1Q! 3
179 5.7 7686 5.2690 0.361040 148
180 5.7 768.6 5.2690 . 370671 03092 46 ;

181 10.0 765.6 5.2900 0.2463105095650% 3/ 2

182 10.0 765.6 5.2900 o.zggzﬁggggzggg;96?5 >

183 14.0 767.0 5. 28()0 0. 1 r L I i > : v - _‘~'_\.;:._.\ o
184 14.0 767.0 5.2800 0.1947-0:096370.9810" 4,002 “'0.52
185 17.4 770.0 5.2600 0.1536 0.0966 0.9890 4.455 0.67
186 17.4 7700 5.2600 0.1598 0-0065 0.9877 4e455 Q.67
187 20.0 768.9 5.2670 0.1412 0.0970 0.9914 4.681 0,79
188 20,0 768.9 5.2670 0.1488 0.0968 0.9900 4,681  0.79
189  25.0 T75.9 5.2200 0.1270 0.0963 0.9940 5.01° 1.01
190 25.0 775.9 5.2200 0.1339 0.0962 0.9926 54015 1.01
101 30.0 773.5 5.2360 0.1176 0.0968 0.9959 5.371 1.23
192 30.0 772.5 5.2360 0.1241 0.0967 0.9947 5.371 1.23

GAS RATE = 326.0 CC/MIN LIQUID RATE = 30.0 cc/MIN12
193 5.7 770.0 2.507 0O-

55,2600 0,6338 0.2276 0.9193




205 -

194 5.7 7700 5.2600 0.6412 0.2272 0.9178 2,507 0.12
195 10.0 765.6 5.2900 0.4120 0.2399 0.9659 3.351 0.30
196 10.0 7¢ o2 0.4213 0.2395 0.9640 3.35)1 0,39
197 14.0 767.0 5.2800 0.3255 0.2428 0.9836 4.056 0.46
/198 14.0 767.0 5.2800 0.3245 0.2424 0.9817 4.056 0.46
%00199 1Te% T770.0 5.2600 0.2999 0.2430 0.9887 4,406 0459
500 174 770.0 5.2600 0.3084 0.2426 0.9869 4,406 0.59
501 2040 770.0 5.2600 0,2823 0,2438 0,9923 6.771 0.69
202 20.0 770.0 5.2600 0.2904 02434 09906 4771 0.69
203 25.0 775.9 5.2200 0.2587 0.2428 0.9968 5.546 0,89
204 25.0 775.9 5.2200 0.2663 0.2425 0.9952 5.546 (89
GAS RATE = 326.0 CC/MIN L 1I0UID RATFE = 45,0 CC/ZMIN
205 5.7 770.0 5.2600 0.5673 0.1544 0.9191 2.506 0.12
206 5.7 7700 502600 0.5744 0.1542 0.9177 2.506 0.12
507 10.0 7656 5.2900 0.3619 0.1621 0.9611 3,221 0.28
208 100 7656 5.2900 0.3715 0.1618 0.9591. 3.221 0.28
209 14.0 767.0 5.2800 0.2735 0.1642 0.9786 3.809 0.44
210 14,0 7670 522800 0.2815 Nal639 0.9770 3,800 Qabs
211 174 770.0 5.2600 0.2422 0.1644 0.9847 4.137 0.56
212 17.4 770.0 5.2600 Oe2495 01642 0.9833 4.137 0.56
213 67 1650 00,9867 4,267 0.66
214 20.0 768.9 5.2670 0.2400 NDa1648 0.9852 4.267 0.66
515 25.0 7759 5.2200 0.2112 0.164C 0.9907 4.298 o.gs
516 25,0 775.9 5.2200 0.2188 0,1638 0.989) 4.598 Q.85
217 300 7735 5.2360 0.2046 0.1648 0.9922 4.759 1.04
518 30.0 T773.5 5.2360 00212101646 069906 4eT59 ke Qb
219 35,5 173.9 5.23304QL19?2"'1651 0.9946_ ) .25
220 35.5 773.9 5.2330 0.199250 <1648 0.9932 108 1.25
GAS RATE = 326.0:' CC/MIN C1QUID RATE =76050 CC/MIN
221 5.7 710.0 5.2600 o,sczgﬁo.&rﬁé 0.0251“~2 577 10ell
. 222 5.7 7700 5.2600 0513701113, 77
523 10.0 765.6 5.2900 0.3098
224 " 10.0 T7&5.6 5.2900 0.318°
525 14.0 767.0 5.2800 0.2419
226 140 767.0 5.2800 0.2491 )
227 _17.4 770.0 54gggg_g_;1z&« o ¥
228 17<4 770.0 5.2600 0. zzoslb:ftu
229 20.0 768.9 5.2670 0.2005) 0124
230 20.0 768.9 5.2670 0. 2c7¢4m 24600982
531 25.0 775.9 5.2200 O. 18893, L2 a5
232 25.0 775.9 5.2200 0.196 .
233 30.0 7735 5.2360 0.1730 0.1244 0.
534 30.0 773.5 5.2360 0.1860 0.1243 0.9879
235 40.0 773.5 5.2360C 0.1634 0.1248 0.9924
536 40.0 7735 5.2360 0.1699 0.1247 0.9911 4.806
ABSORBFR DIAMETER = 0.793 CHM
SATURATOR TEMPERATURE =~ 4°C

. SYSTEM: N- HEXANF—NITROGEN-LIGHT

poRnA

GAS RATE = 165.0 CC/MIN
237 5.7 7755 71950 0.
238 5.7 7755 T7.1950 0,315

) 239 10.0 785.9 7.1000 O. 2350
240 10.0 785.9 7 1000 Oe. 2425:0
241 14.0_ 788. « 2009
242 14.0 788.4 7.0780 0.207

LIQUID RATE

30 0 CC/MIN

3065wow4333~o.9e1omm3.932v~o.z4
L0731 0.9798,,
'50.1124 €..9909"

3,932 0.24

“?4.642 0.53
.9898;49&642%Mo.53

9960» \.\50392‘"‘ 0“680«.
: 51592, 0.80;



206 -

. 243 16.5 788.4 7.0780 0e1840:0.1730: 09984 64190 0.97
244 - 16.5 188B.4 T.0780 0.1910 0.1728 0.9974 ..6.190. 0.97
545 174 787+4 71,0870 0.1741 0.1734 0.9999 84025 J.03

246 17.4 187.4 7.0870 0.1809.0.1733 0.9989 £ 84025 103! cia
GAS RATE = 165.0 CC/MIN L1QUID RATE = 4540 CC/MIN T
247 Se7 7155 7.1950 0.275210.1163 0.9776 3,772 ;023
248 7 T775.5 7.1950 0.2832§9:11§2§p;97¢4553.1721;Q.zsf
249 10.0 785.S 7.1000 0.1963305115910,9885¢;4}41§¥io.4é¥
250 10.0 785.9 7.1000 o.2031;0;1I51;0.98741;4;419210.49:;
251 14.0 788.4 7.0780 0-1614 051360 0.9935 " 4.967 0.74 -

552 14,0 788.4 T7.0780 0.1678 0.1159 0.3923 4,967 0.74
563 17.4 1874 7.0870 0.1380 0.1165 0.9969 5.63& 0.95
554 17.4 787.4 T.0870 0.1454 0.1164 0.9958 S.634 095
255 20.0 768.2 72640 0.1306 0.1198 0.9985 6.239 1.11
556 20.C 768.2 T1.2640 0.1377 0.1197 0.9975 6.239 1l.l1
GAS RATE = 165.0 CC/MIN LIQUID RATE = 60.0 CC/MIN
257 5.7 176.3 1.1880 0.2768 0.0873 0.9733 3.602 0.21
558 5.7 116.3 1.1880 0.2848 0.0872 0.9722 3.602 0.20
559 10.0 T85.9 7.1000 0.1963 0.0870 0.9844 4.128 0446
%60 10.0 785.9 7.1000 0.2037 0.0863 0.9834 6,128 0.46
561  14.0 788.4 7.0780 0.1532 0.0872 0.9906 4.618 0.68
262 14.0 T788.4 7.0780 0.1594 0.0872 0.9897 4.618 0.68
263 174 7.0870 0.1298 0.0876 0.9940 5.033 0.88

Ay 264 17.4 787.4 7.0870 0.1369 0.0875 0.9930 5.0232 C.88

RV 265 2040 76862 72.2640 0.1192 0.0901 0.9959 5,405 1.03

\IOU266 20.0 T68.2 T.2640 0.1258 0.0901 0.9950 5.405 1.03
GAS RATE = 245.0. CC/MIN LIQUID RATE = 30.0 CC/MIN

2671 5.4 77i.i7.1950 0.5631 O.-2652 0.9556 32103 0.15%
268  S5e4 T75¢5 7.1950 0.5702 0.2549 0.9546 3.103 .15
569 T<5 7755 T7.1950 0.4327 0.2598 0.9751 3.66& 0.26
270 Te5 7755 71950 0.4423 0.2594 0.9736 3.664 0.26
271 11.5 78549 77,1000 ‘0.3371 0.2593 0.9886 4 410 046
572 11.5 785.9 7.1000 0.3463 0.2590 0.9872 4.419 0.46
273 14.0 788.4 7.0780 0.3082 0.2594 0.9928 4856 0,58
214 14,0 788.4 7.0780 03168 0.2591 0.9915 4,956 0.58
275 17 .+4 T8Te4 7.0870 0.2958 0.2602 0.9948 5.148 0.75
276 17.4 187.4 7.0870 0.3042 0.2599 0.9935 5.148 075
i = Q CC/MIN ~ 11QUID B Q__CC/MIN

277 S.7 7755 7.1950 0.5232 0.1718 0.9500 2.985 0.16
278 5.7 775.5 7.1950 0.5301 01716 0.9490 2.985 0.16
579 17.4 187.4 1.0870 0.2340 9916 4.718 0.71
580 17.4 187-4 71-.0870 0.2410 0.1755 0.9905 4.718 0.71
581 10.0 785.9 7.1000 0,31.89 0.1741 0.9791 3837 0.36
282 10 ' 1738 9 ;2 7 6
Sba 14,0 788.4 71.0780 0.2620 0.1748 0.9874

284 14.0 7884 1.0780 0. 269701746 0.9862- 4¢328 - 055~
285 20.0 768.2 T.2640 164.0.1810 0.9950,  5.195 0.83 ..
286 20.0 768.2 T.2640 0.2242;0.1808 0.9939 «195 083 i
287 25.0 776.1 7.1900 0.2018:0.1793.0,996 54596, 1.07 1
e % 5o D 7761 7-1900 0.2092:0-1791 O . 9957755967 1+ 0T, 2
GAS RATE = 245.0 CC/MIN q;gprn;ggtsw= 60.0 *CQﬂgIN BRE
589 5.7 7755 7.1950 0.46163 0213020+ e 044 151
200 ' 5.7 775.5 721950 0.4717;051300. ! |
291 10.0 785.9 7.1000 o.zaa'ag;tg}

202 10.0 7859 71000 027685, 121 5

503 14.0 788a4 1.0780 0,20541% paze



- 207 =

594 140 78844 T7.0780 0.2129:0.1323 0.9884
295 174 T8Te4 T.0870 0.1716:0.1332 0.9945
296 17.4 787.4 7.0870 017847 041331-0.9935 5116 067~
297 20.0 768.2 T.2640 o.1651§p;1369;o.99611;5;429;:0.79;
298 20.0 768B.2 72640 0.1716°0.1368"0.9951"'5.4297-0.79"
569 25,0 776.) 7.1900 0.1633 0.1355 0.9960 5.428 .01
300 25.0 T76.) 71500 0.1698 0.1353 0.9951 5.428 1.01
301 30.0 785.9 7.1000 0.1511 0.1338 0.9975 5.845 1.23
362 30.0 785,9 7.1000 0.1572 0.1337 0.9966 5.845 1.23

GAS RATE = 326.0 CC/MIN LIQUID RATE = 30.0 CC/MIN
303 5.7 775.5 7.1950 0.7652 0.3225 0.9356 2.739 0.12

304 5.7 775.5 71950 0.7681 0.3223 0.9351 2.739 0.1.2
305 10.0 785.9 7.1000 0.4856 0,3296 0.9770 3.737 0.30
306 100 7859 7.1000 0.4961 0.3291 0.9753 3,737 0.30
307 7.5 775.5 7.1950 0.5631 0.3318 0.9663 3.374 0.20
308 7.5 775.5 71950 0.5702 0.3314 0.9652 3.374 0.20
300 14.0 788.4 7.0780 0. 4024 0.3322 0,9896 4,502 0.46
310 14.0 7884 T7.0780 0.4116 0.3318 0.9982 4,502 0.46
aw3ll 17.4 787.4 T.0870 0.3619 0.3346 0.9960 5.354 0.59
512 17.4 787.4 7.0870 0.3715 0.3341 0.9945 54354 059
TIOU3L3 2540 T776.1 7.1900 0.3594 0.3401 0.9972 5.663 0.89?
314 25.0 77601 7.1900 0.3690 0.3396 0.9957 5.663 089
__GAS RATE = 326.0 CC/MIN 1 I0UID RATE = 45,0 CC/MIN
315 5.7 7742 7.2070 0.7251 0.2178 0.9274 2.620 0.12
316 5.7 774.2 12070 0.7282 0.2177 0.9270 2.620 0.12
317 10.0 785.9 7.1000 0.4310 0.2226 09697 3.473 0.28
' 218 10,0 78529 721000 04407 0,2223 0.9683 3,472 0,28
319 14.0 T88.4 7.0780 0.3329 0.2249 0.9842 4.108 0.44
320 14.0 788.4 7.0780 0.3421 0.2246 0.9829 4.108 0.44
321  17.4 78Te4 7.0870 0.2958 0.2263 00,9899 4,534 0.56
302 17.4 71874 7.0870 0.3042 0.2261 0.9886 4.534 0.56
323 25.0 T68.2 T+2640 0.2636 0.2336 0.9957 5.338 0.85

44506 052
;‘50116_;00619

o Lo
FASFEANSE VR

324 25,0 768,2 T,2640 0. 2714 0.2334 0.9946 S.3328 Q.85
GAS RATE = 326.0 CC/MIN LIQUID RATE = 60.0 CC/MIN

325 5.7 776.3 7.1880 0.5964 0.1663 0.9387 2.784 0.1l
326 5.7 7763 7.1.880 0.6036 0.1662 0.9377 2.784 Q.11
357 10.0 785.9 7.1000 0.3453 0.169% 0.9746 3.647 027
328 10.0 785.9 71000 0.3547 0.1692 0.9732 3.647 0427
329 14.0 788.4 7.0780 0,2966 0,1700 0,9817 3.966 0242
330 14.0 7884 7.0780 0.3050 0.1698 0.9804 3.966 0.42
33] 17.4 787.4 7.0870 0.281Q@Q,%§nggggaqqﬁﬁﬁfyoggmo,5ﬁw.
332 17.4 787.4 7.0870 0.289030.1704 0.9828_ 4.102 0.5%
335 50.0 768.2 7.2640 0.241610.1762 0.9908 4,632 0,64
334 20,0 768.2 7.2640 o.zassﬁo.17q;,o;9897jr4;633mwn.64
335 25,0 776.1 7.1900 o.21693g.x7qa*o,99592gs.qu~fo,az;
336 25.0 776.1 7.1900 0.2247,0s1746 029929 5.029-,.,0482
337 30.0 785.9 7.1000 o.zoosﬁg}pﬂza;p;99¢oﬁ?5.4oze«1.oqi;)

338 © 30.0 785.9 7.1000 o.2072gggl;;gwp.ggqawwigggaxx;ipggg;

ABSORBER DIAMETER = 0.793 CH

SATURATOR TEMPERATURE =— 15°C -

SYSTEM: N-HEXANE-NITROGEN-HEAFYEPARARFIN OLL
GAS RATE = 165.0 CC/MIN TIQUID RATE = 30.0 CC/MIN
' . 287 65020504;:058983:::29269 75202 22w
d o 2 - (Rt DN ¢
341  10.0 75802 2.3740 0,242 0.0513 0, 9XT820479 0450 s

[ -towdt



- 208 -

342 10.0 7582 23740 0.2495°0.0511 0.9146 2.479. 050
343 17,4 154,7 046 0.052¢ 0.9348  2.705 0.98 -
344 Ll1e4 1547 2.3850 0.2121 0.0522 0.9315 2.705 . 0.98
345 224 T60.5 2.3670 0.1840?0.0525y0.9432~~2.841f~1.30‘“
346 " 22,4 160.5 2.3670 0.1910:0.0523 0.9401..2.841. 1430 ¢
347 265 T64eT 23540 0.1716:0.0524 0,9482 2,932 1.56 &
348 26,5 T64.T 2.2540 0.1784{0.0523\Q;éa52§f2.9321:1;56:%i

GAS RATE = 165.0 CC/MIN LIQUID RATE = 45.0 CC/MIN .
349 5.7 755.4 243830 0.231330.0344“0;9136352;432w‘0.20’?é
250 Se7 7554 23830 0.2444;0.0343 0.9106{;2.432:ﬂo.201"‘

RUTRA IS SRR S

PR ARS

352 Vo) 75842 203740 9.1774_0.0352.c.9392-~z.77e'<o.46~‘é
367 . " 1N T58e2 23740 0.1843' 0.0351..0.9362_..2.776 Oe 46,

352 1T7.4 154.7 2.3850 0.1552M0;0357”0.9491mm2.953 " 0e90
354 V7.4 7547 2.3850 0.1615 0.0356 0.9464 2953 0.90
355 22.4 760 5 243670 0.1367 0.0357 0.9567 3.103 1.20
356 224 1605 243670 Oe 1441 0.0356 0.9535. 3.102 1.20
357 265 T64.7 2.3540 0.1486 0.0353 0.,9511 2,992 l.44
358 265 1647 23540 0.1547 0.0352 0.9485 2.992 l.44

GAS RATE = 165.0 CC/MIN LIQUID RATE = 60.0 CC/MIN
359 5.7 756.9 23780 0.2128 0.0261 0.9206 2.513 C.19
360 5.7 156.9 2.31780 0.2205 0.0260 0.9173: 2.513 0.1l9

361 10.0 758.2 2.3740 0.1634 0.0266 09417 2.819 0.43
362 10.0 758.2 2.3740 01699 0.0265 0.9389 2.819 0.43
363 1T7.4 154.7 2.3850 0.1296 0.0271 0.9565 2,102 0.83
364  LTe.4 TS54.T 2.3850 0.1367 0.0270 0.9535 3,102 0.83
365 22.4 T760.5 2.3670 0,1190 0.0270 0.9607 3.202 1.11

TAV 366 224 760.5 2.3670 0.1255 0.0269 0.9579 3.202 1.1l

éAS RATE = 245.0 CC/MIN LIQUID RATE = 20.0 CC/MIN

MIQU36T 5.7 7554 243830 0.4947 0.0697 0.8163 1.682 0.5
368 5.7 7554 23830 0.5053 0.0693 0.8115 1.682 0.)5
269 10,0 75822 243740 Q.4037 00726 0.8561  1.925 Q.35
370 10.0 758.2 2.3740 0.4129 0.0723 0.8520 1.925 035
371 17.4 7569 2.3780 0.3453 0.0749 0.8826 2.124 0.7

. 372 17.4 T756.9 2.3780 03547 0.0745 0.8784 2.124 0.7
2372 22,4 760.5 2.3610 0,3082 0.0758 0.8986 2. 270 0,95
374 224 T60.5 226170 0.3168 0.0755 0.8947 2.270 0.95
375 2645 T6&4eT 263540 0.2876 0.0760 0.9072 2357 1.15
376 2645 164aT 223540 0.2958 0.0758 0.9034 2,357 1.15
377 30.0 762.7 2.3600 0.2463 0.0778 0.9261 2.584 132
378 30.0 7627 2.3600 0.2537 0.0775 0.9228 2.584 }.22
379 35,0 7627 22600 0.2216 0,0786 0,9373 2.746 LY
380 o .7 23600 0.2284 0.0784 0.9343 2.746 1«56
381 2%.% 32%.7 2.3630 0.2299 0.0785 0.9237 2.69)1 l.80
383 50.0 T762.7 2.3600 0.2128 0.0790 0.9413 2.807 2.28
384 50.0 762.7 2.3600 0.2205 0.0787 0.9378 2.807 2..28

GAS RATE = 245.0 CC/MIN LLQQLD_&AIE_E_&ELQ, CC/MIN
385 5.7 756.9 2.3780 O0.4450 00476 0.8294 1l.756 Q.14
386 5.7 756.9 2.3780 Oo454?@Q{Qﬁlagp!a;51”“1!756??0!14[f§
387 10.0 758.2 2.3740 0370100493 0.862 1.965 033 %
388 10.0 758.2 2.3740 0.379?50.0490 0,8577m;13965 0.33 [,
389 17.4 754.7 2.3850 0.2958ﬁ0-0513m958952:;2.239%“0.67

300 17..4 T754.7 2.3850 o.3042§a-05I1“0-§916f$2«239“30~67a?i

./ P

392 22.4 7605 2.3670 0. 26 653 0 5T6:50c9073"203 97; 0. gg,
393 - 26.5 T6&eT 223540 0.246310 215 4521

" 9E 0 9 452 % 3 §
394 26.5 1647 2-33%0 0. 25311 Dt 0516029122 ie452:°.1.08 1

L 4%




7627 23600

209 —

20 .0
. 0.2216 0.0525 0.9
Q . ®
3;3 ig.g 322.7 2.3600 0.2284 00523 o.ggg;. g'ggg 1%
39T 35+ 763.7 2.3600 0.2958.0.0507 0.8939 5.226 }'24 ‘
398 35.0 7 2.7 2.3600 0-5042 0.0505 0.8902  2.226 T
323 40.0 61.7 2.3630 0,2087 0.0529 0.9326 2.672 ie
00 9.0 T61.7 2.3630 0.2163 0.0527 0.9292 2.672 }'70
acl 5.7 245.0 CC/MIN LIQUID RATE = 6630'-crln"§70
aCl 5.7 756.9 2.3780 0.3660 0,037} 0.8595 % 948 3‘13
a0z 5.7 ;56.9 5-3780 0.3757 0.0370 0.8553 Ton 6 0.13
403 10. 58.2 2.3740 0.3082 0.0381 0.8844 2.141 0.32
404 ]7.2 ;gz.g 3.2;;8 g.g%si 0. 0379 0.8806 2.14l 025
7. <7 2.2 5771 0.0390 0.9011 2.29 63
406 17+4 756.7 23850 0+2789 0.038 =236 o3
407 22.4 T60eS5 23670 0.2669 o°nas§ 0.8977 2.2%6 0.
208  22.4 T60+5 23670 0 3747 0-03 0.9020 2.308 -
400 26.5 764.7 243540 0.2381 o'ozgg 0 0140 2.306 0 3
410 26.5 T6&eq 223540 0.2452 0.0389 0.9140 2.430 .03
211 30.0 762.7 2.3600 0.2087 0.0396 8.9109 2-423 -
412 30.0 762.7 2.3600 0.2163 0.0395 -32TL 2307 1.
413 35.0 7627 2.3600 0.1963 0.0399‘%°9238 AR
4lé  35.0 762.7 2.3600 02037 0-0397 o°9326 2673 -2
Y415 40.0 T6l.7 2.3630 0.1922 0.0400 -2 2 i
HeUk1e  40.0 T6l.T 23630 0.1995 0.0399 0.9345 2.702 1.8
Gﬁi RATE = 326.0 - CC/MIN LIQUID RATE = go.g 726/M§N61
1 5.7 156.9 23780 0. 6380 00,0839 O.758% 1_&]_4;(\.1'0
2}3 o7 756.9 23780 0.6453 0.0835 0.7551 1.414 0.10
“19 10.0 758.2 2.3740 0.5216 0.0890 0.8107 1.656 027
42 10.0 758.2 2.3740 0.5284 0.0886 0.8078 1.656 0.27
: 17 4 754 .7 2.3850 0.4037 0.0950 0.8692 1. 989 _0.55
425 3 7e4 754s7 243850 0.41.29 0.0046 0.8610 1.989 0.55
‘ 22.4 760.5 513670 0.3660 0.0959 0,8811 2.111 0 75
424 oo 4 760.5 243670 0.3757 00955 0.8766 2.111 0.75
425 S T64.7 2.3540 0.3453 0.0962 0.8897 5.1.85 0.90
26 26.5 764.7 5.3540 0.3547 0.0958 0.8854 22185 0.90
297 0.0 762.7 2.3600 0.3041 0,0985 06001  2.377 1.04
298  20.0 762.7 2.3600 0.3126 0.0981 0.0051 2.377 1204
429 35.0 7627 243600 0.2876 0.0992 0.9167 2.463 1.23
430 35.0 T 1 2.3600 0.2958 0.0988 0,9129 5.663 123
431 40.0 T6le7 243620 0.2752 0.0999 0.9226 2.535 1.43
437 40.0 T61.7 2.3630 0.2832 0.0996 0.9189 2.535 1l.43
433 50.0 762.7 223600 Q.2546 0.1008 0.9319 _2.662 1.81
A e0.0 762.7 23600 0.2621 0.100% 0 6284 2.662 .81
GAS RATE = 326.0 CC/MIN LIQUID RATE = 45.0 CC/MIN
435 5.7 7525 2.3920 0. 5341 0. 0597 0.7966. 1,585 "0.10
i3e 5.7 752.5 2.3920 0.5408:.0.0595 0.7936  1.585 0.10
437 10.0 T5B.2 2.3740 0. 2450 0.0618_0.8342 1,784 0.26
438 10,0 758,2 2,3740 0.4549@0.0615“0.8299x;1.7e4‘¥0.26."
439  13.5 75842 243740 0.3714 Q$06§1g059669 1 2.003 .. 0.39 7
440 13.5 T58.2 2.3740 0.3801“;§9638§Q!8631ﬁ:2.0035’0539‘“i
44) " 174 154.7 2.38350 0.3381§O;{f ““””””“““z.xzzf”o.saff
%442 174 7547 2.3850 0.3479:0.065 5e122 0e53 -
443 22.4 760.5 243670 0. 31231 0. 06 24216 1071 -
44t 272.4 7605 23670 0.3210{0.0 2,216 0sTL .
445 2605 1647 5.3540 0.29990 22261 0487
466 26.5 T6&4eT 23540 0o 24,261 0487
447 30.0 7627 _2.3600 0.2 .Fﬁzaé*dﬁfd;eél“?
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762.7

2.3600 0.2747 0.0667 0.9093 2,420 0.99 ..
4649 35,0 762.7 2.3600 0.2579 0.N672 0.9168 - 2.467 1.18
450 25,0 7627 2.36C0 0.2655 0.0670 0.9134 2,467 1,18
%451 40,0 761.7 22630 0.2529 0.0674 0.9192 2.495 .36
452 40.0 T61.7 2.3630 0.2604 0.0672 0.9158 2.495 1.36
452 50.0 7627 2.3600 00,2422 0.0678 0.9239 2.555 1.73
454 5000 7627 203600 0.2495 0.0676 0.9207 2.555 1.73

GAS RATE = 326.0 CC/MIN LIQUID RATE = 60.0 CC/MIN
455 5.7 7576 23760 0.5153 0.0449 0.7982 1.589 0.09_
456 5.7 1576 2.2160 0.5263 0.0446 0.7934 1.589  0.09
457 8.0 75842 23740 0.4699 0.0458 0.8179 1.691 0.18
458 8.0 758.2 2.3740 0.4801 0.0456 0.8134 1.691  0.318
259 10.0 7158.2 23740 0.4368 0.0466 0.8323 1.773 .0.25
460 10.0 758.2 243740 0.4465 0.0463 0.828) 1.773 0.25
461 13.0 758¢2 23740 0.3649 0.0483 0.8638 1.9792 0.35

.A\Vﬁbz 13.0 758.2 2.3740 0.3746 0.0480 0.8596 1.979 0.35
463 17.4 T54.7 23850 0.3206 0.0496 0.8840 2.1.37 0.51
TiOUG64 1Te& T54eT7 2.3850 0.3294 0.0494 0.8801 2.137 0,51
465 22.4 T60.5 243670 0.2999 0.0496 0.8920 2.209 0.68
Whb 2244 160a5 2.3670 043084 040494 0.8883 2.20° 0,68
467 26.5 T64.,7 2.3540 0.2917 0.0495 0.8949 2.236 083
468 2645 T64eT 23540 0.3000 0.0493 0.8912 2.236 0.83
469 300 7627 2.3600 0.2628 0,0503 0.9080 2.368 0.95
470 30,0 762.7 223600 0.2705 0.0501 0.9046 2,368 0,95
47)  35.0 7627 2.3600 0.2546 0.0505 0.9116 2.408 1.13
472 35.0 762.7 23600 0.2621 0.0503 0.9083 2.408 1.13
473 40,0 161a.T7 223630 0,2356 0.0510 0.9202 2,508 1.31
474 40.0 T61e7 23630 0.2427 0.0509 0.9170 2.508 1.31
475 50.0 7627 23600 0.2257 0.0512 0.9244 2.563 166
. 4676 5N .0 762,77 23600 Q214 2,563 1,66
ABSORBER _DIAMETER = CM
S ATURATOR TEMPERATURE =— 2 c

| SYSTEM: N-HEXANE-N

ITROGEN-HEAVY PARAFFIN 0OIL

GAS RATE = 165.0 CC/MIN

LIQUID RATE

= 3000 CC/MIN

477 Sel T64s 2 5.3 000 O. 777 8400112300 87172 051 P O «22 DA
478 5.7 16402 5.3000 0. 78063 0.1123 0.8712, 2.05) 0.22
479 10.0 764.2 5.3000 0.5631:0.,1174 0,9140;12.445 0.50
480 10.0 764.2 5.3000 0.57ozgo.117zﬁo.9126n,z.q&siwo.so N
481 4.2 166.0 5.2870 o.4941@0-1187WO.9272g;2.§06w~0.771;;
482 14.2 166.0 5.2870C o.sosafoyllaggpogzsl 2.606.. 0.77 ..
483 YT7.4 T66.0 5.2870'0.43685O}lZOOgQ.93813g2,776ﬁ“0.98525
484 " 17.4 166,0 5.2870 0.4465ﬁO§l198w0-9368;w2.776__0.98‘ :
485 2246 T713.0 5.2390 0.380630.1291_0.9491.42.961- 1.3%
486 22.6 173.0 5.2390 .3894a0.1199g9.9474}129961A;1.3l~::
487 26.5 766.5 5.2840 0.3453i0,122} Og9568:@30120iy1f56; ;
488 26.5 166.5 5.2840 o.3547§o;1219ﬁo.9549;_3.120,~1.56g;
GAS RATE = 165.0 CC/MIN k!QU?DL@ATﬁ.F&§539“‘QC!ﬁJNv,‘wﬁ
489 5.7 764.2 53000 0.6775; 0:0766; 0488 20160770420
490 5.7 1642 5.3000 o.eeoagﬁgplbéipa a,;&oﬁﬁgfzqﬂﬁ
491 10.0 T64.2 5.3000 0. 5382°70,078870 ﬁ.ze
492 10,0 T764.2 5.3000 0.5431 0.0787 029107 20423 0.46
493 17.4 166.0 5.2870 0.3955 0.0808 0.9396 2.792 0.90
494 17.4 166.0 5.2870 0.4045 0-.0807 0.9378 2.792 0.90
495 22.6 T173.0 5.2390 0.3396 0.0809 0.9498 2.975 1.2}
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496 22.6 173.,0 5.2390 0.3488 0.0807 0.9480
497 265 766.5 5.2840 0.3288 0.0818 0.9525
. 498 26.5 166.5 5.2840 0.3379 0.0817 0.9508 3.029 1l.44
GAS RATE = 165.0 CC/MIN LIQUID RATE = 60.0 CC/MIN
429 5.7 T€4.2 5.3000 0.6338 0.0580 0.8902 2.202 0.19
500 5.7 7642 5.3000 0.6412 0.0580 0.8887 2.202

2.975 .21
3.029 1l.44

0.19

501 10.0 764.2 5.3000 0. 4740 0.0599 0.9210 2.526 Q.43
502 10.0 T764.2 5.2000 0.4843 0.0598 0.9190 . 2.526 0.43
503 174 766.0 5.2870 0.3619 0.0611 C.9424 2.839 0.83
A\HSOA 17.4 166.0 5.2870 03715 D.0610 0.9406 2.839 0.83
"'505 22.6 17340 5.2390 0.3123 0.0610 0.9515 3,008 1l.12

HoUR0E 22.6 T73.0 5.2390 0.3210 0.0609 0.9498 3.008 1.12

207 26.5 T66.5 5.2840 0.3082 0.0617 0.9528 3.036 1.3%

508 26.5 76&._5__5_,_2350_0_._316_3_1-%3_6—0--95-11—3—@6 l.34
GAS RATE = 245.0 CC/MIN LIQUIN -RATE = 30.0 CC/MIN

500 5.7 164.2 5.3000 0.9997 0.1636 0.8372 1.813 0.15

510 5.7 T764.2 5.3000 1.0003 0.1636. 0.8371 1.815 C.15

511 10.0 764.2 5.3000 0.8196 0.1701 Q.8734 2,065 0935

217 10.0 764.2 5.3000 0.8221 0.1700 0.8729 2.063 0.35

513 17.4 766.0 5.2870 0.6463 0.1758 0.9079 24377 0.7

oYa 17.4 766.0 5.2870 0.6537 0.1755 0.9065 2.311 0.71

o e 2.6 7713.0 5.2390 0.5631 0.1769 0.9237 2.364 0.96

2le 22.6 773.0 5.2390 0.5702 0.1766 0.9223 2.564 0.96

oy 2 786.5 5.2B40 0.5382 0.1796 0,9297 2.644 1.15

e s 766.5 5.2840 0.5451 0.1793 0.9283  2.640 1.15

219 30.0 TT4e4 52300 04120 0.1819 0.95%% 3.068 1.32

250 30.0 TTl4eé 5.2300 0.4213 0.1816 0.9523 3,068 1,32

251 35.0 774.4 5.2300 0.4037 0.3.822 0.9561 3.105 1.56

253 3320 T74.4 5.2300 0.4129 0.1819 0.9542 3.105 1.56

523 40,0 775.) 52250 0. 3872 0,1826 0,9594 3.183 1 .80

2o 400 775.1 5.2250 0.3961 0.1823 0.957¢ 3,183 1.80

525 5040 774.4 5.230C 023371-0-1846:029698 30469 2428

2 ean0 T74.4 5.2300 0,346310.1843 0.9673 3,469 2.28
GAS RATE = 245.0 CC/MIN L1QUID RATE = 45.0 CC/MIN 0

527 5.7 764.2 5.3000 0.920930.1113_0.8440771.857. 014

528 5.7 764.2 5.3000 0. 0225]0.11037 0484377714857 0.14.

529 10.0 764.2 5.3000 0 7368 0. 115708802 2.119...0.33

530 10.0 764.2 5.3000 0.7399 o 20119770633 12

53] -~ 17e4 T66.0 5.2870 Q.5881 0.0.9092.,.24392.. 067 i

2> 17 4 766.0 5.2870 0.5952:0.1188.9+70 .392.10.67, -

233 22.6 773.0 5.2390 050293081130 0e 1C 20 - 2,578+ 0.9L° 1

234 22.6 773.0 5.2390 0.5137:0.13:35 Ce 2200 4245781 1091
535 26.5 1665 5.2840 0. . 15049309 . 22
536 2645 16645 5.2840 0.&885j0:;2;3;0.Q289;;2.658;;1.08U
537 30.0 7T74.4 5.2300 o.4c79§9;1218;0-94407ﬁ2-866;31924‘;
538 30.0 774.4 5.2300 0 4171.0.1215,,0.9421 . 2.866 . 1.2%.
539 35.C 774.4 5.2300 5. 3701°0-122770.9515 ~3.007 14T
oan  35.0 TThsk 52300 0.3799 0.122% 0.9496 3.007 1.47
el 9.0 775.1 5.2250 0.3412 0.1232 0.9573 3.132 1.70
243 40.0 775.1 5.2250 0.3505 0.1230 0.9554 3.132 1.70
245 £0.0 T74e4 5.2300 0.2999 0.1243 0.9656 3346 215
2 20.0 TT4.4 5.2300 0.3084 0.1241 0.9639 3.346 2.15

GAS RATE = 245.0 CC/MIN LIQUID RATE = 60.0  CC/MIN

tas 6.7 7642 523000 0.861%4 0.0847 0.8511 1.903 0.13
2 7 764.2 5.3000 0.8636 0,08%° C.8506 1.903 0.13
547 10.0 7642 543000 006959 0.0877 0.8833  2.146 0.32
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548 10.0 764¢2 5.3000 0.699) 0.0876 0.8827 2.146 0.32
549 174 766.0 5.2870 0.5631 0.0898 0.9089 2.389 0.63
550 17e4 7660 5.2870 0.5702 0.0897 0.9075 2.389 0.63
551 22.6 T73.0 5.2390 0.4740 0.0905 0.9255 2.582 0.86

nv 552 22.6 773.0 5.2390 0.4843 0.0903 0.9235 2.583 0.86
553 2665 T66e5 542840 044302 0.0921 0.9349 2.717 1.03

TOUBS54 2665 T66e5 5.2840 0.4398 0.0920 0.9330 2.717 1.03
555 30.0 TT4e% 5.2300 0.3872 0.0918 0.9425 2.841 1.)18
886 20,0 7744 522300 0.3961 0.0917 0.9407 2.84%Y  1.18
557 40.0 775.) 5.2250 0.3156 0.0930 0.9566 3.118 1.61
558 400 7751 5.2250 0.3244 0.0929 0.9549 3.118 1.61
559 50.0 774.4 5.2300 0.2711 0.0939 0.9655 3.345 2.04
60 S0 2 2789 0,0S38 0.°9639 3,345 2,04

GAS RATE = 326.0 CC/MIN LIQUID RATE = 30.0 CC/MIN
561 S5e7 T64e2 5.3000 1.2853 0.1992 0.7871 1.549 0.10
562 5.7 T64a2 5.3000 1.2813 0,1994 0.7879 1.549 0.10
563  10.0 7642 53000 1.0693 0.2093 0.8311 1.778 0.27
564 10.0 T64.2 5.3000 1.0690 0.2093 0.8311 1.778 0.27
565 15 7
566 15.0 76640 5.2870 0.8802 0.2175 0.8693 2,036 0.46
567 17.4 7660 5.2870 0.7952 0.2215 0.8867 2.176 0.55
268 17.6 76640 5.2870 0,7978 0,2213 0.8862 2,176 0.5
569 22.8 773.0 5.2390 0.7067 0.2231 0.9036 2.336 (.76
570 22.8 773.0 5.2390 0.7€99 0.2230 0.9029 2.336 0.76
571 26,5 766.5 5.2840 0,6463 0,2282 0.9173 2.483 0.90
572  26.5 76645 5.2840 0.6537 0.2279 0.9158 2.482 0.90
273 30.0 TT4.4 5.2300 0.5382-0+2305:-009384 22776 ;:1e 0%y
574 30 4 5.2300 0.54515022302" 0.9370. 72,776 1.04 ;
o175  35.0 TT4.4 5.2300 0.4947:0.2325 0.9475"-24927 1.23
576 3540 7744 52300 0.505370.2320_ 049453 712,927 123 %!
577 40,0 7751 52250 0. 4864 0.23267 094921724958 L=43; [
578 20.0 7751 5.2250 0.49691052321.:0.9470 2.958 . 1.53
579 50.0 774.4 52300 o.43023pg;35539,96193;3p21?;*1pBI;
580 ' 50,0 774.%4 5.2300 0153983Q}2§§o¢0o9590¢¢33219yw1@8la
GAS RATE = 326.0 CC/MIN L1QUID RATE = 45,0 CC/MIN  “ o
581 5.7 T64.2 523000 1.2096: 21356047920 (2157270410 -

582 5.7 764.2 5.3000 1.20711 051357 0.7925 ' 14572, :C.10
583 - 10 .0 T7€4.2 53000 0.9159: 021449, 048504 ;- 1.899 0.25;
584 10.0 7642 5.3000 0.9175{ 01448048501 {11899 :0.26 .
585 17.4 166.0 5.2870 0.7920% 01483708747 24075204537
586 174 7660 542870 0.79473.0.1482.0e8742,..2,075,..0.33..;
587 22.6 773.0 5.2390 0. 56688051505 0.8981 "2.27770.72°
588 22.6 7730 5.2390 0.6762 0.1503 0.8966 _2.277 0.72
580 26.5 T66.5 5.2840 0.6380 0.1530 0.9055 2353 087
500 26.5 T66.5 5.2840 06453 0.1528 0.9040 2.35) Q.87
507  30.0 7T74.4 5.2300 0.5112 0.1551 0.9298  2.641 0.99
592 30.0 T74e4 5.2300 0.5221 0.1547 049276 2.641 0.99
593 35.0 TT4.4 5.2300 0.4533 0.1569 0.9416 2.823 1.18
504 35.0 T7be4 502300 0.4633 001566 0.9395 2.823 1.18
595 40.0 775.1 5.2250 0.4244 0.1576 0.9474 2.926 1.36
506 40,0 775.1 5.2250 044333 0.1573 0.9454 2.926 .36
507 0.0 774.4 5.2300 0.4037 0.1584 0.9516 3.010 1.73
598 50.0 T74.4 5.2300 0.4129 0.1581 0.9498 3.010 1.73

GAS RATE = 326.0 CC/MIN LIQUID RATE = 60.0 CC/MIN
599 5.7 76&4g_2;igQQ_A4A2QQ_Q;LQ22_9;12§&__1;992f0-09
00 5.7 764.2 5.3000 1.1492 0.1033 0.7987 1.602 0.09 .

£i
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v en]  10.0 T64.2 5.3000 0.8865 0.1995 0.8503 1.898° 0.25

101602 1000 76442 5.3000 0.8885 0.1095 0.8499 1.898 0.25
603 1T7.4 766.0 5.2870 0.6917 0,1138 0.8883 2.189 DN.51
604 17e4 TE6H0 S22870 0.6950 041137 0.8876 2.189 0.51
605 226 T73.0 5.2390 0.6172 0.1143 0.9019 2.314 0.6°
60€ 22.6 7730 5.2390 0.6245 0.1141) €.9004 2.314 0.69
607 26+5 76625 5.2840 0.5964 0.,115° 0.9070 2.368 0.83
608 265 266,5 5.2840 00,6036 0.,1158 029056 20268 0,83
509 300 TT4.4 5.2300 0.4988 0.1168 0.9253 2.580 0.95
610 20,0 T74e4 5.23C0 05095 0e1166 09232 2.580 0.95
511 35,0 TT74.4 542300 0.4616 0.1177 0.9327 2.684 1,13
612 3540 7744 5.2300 0.4717 0.1175 0.9307 2.684 J.l1l3
613 40.0 T75.1 5.2250 0.4285 0.1183 0.9393 2,786 1.31
614 40,0 0 1 .
615 5060 T74e4 52300 0.4037 0.119)1 0.9443 2.872 1l.66
616 500 774.4 5.2300 0.4129 0.1188 09425 2.872 166

ABSORBER DIAMETER

0.793 CM

SATURATOR TEMPERATURE =

| SYSTEM: N=—HE XANE=NTTROGEN=-HEAVY"

4° C

PARREFINTQIL

GAS RATE = 165.0 CC/MIN LIQUID RATE = 30.0 CC/MIN
617 S.7 7561 T7.3800 1.2189?0,456950,8531vf1.91Qﬁ30.225¢y
018 5.7 156.1 7.3800 1.215370.1569 0.8535. 1.9197 0,22 -
€19 0.0 T66.4 T1.3000 0.8572:0.1632 0.90282:329 0,50
620 10.0 T64.4 7.3000 0.8594%0.163gf0&9024 2.329.. 0.50
621 17,6 76 7 7985 0e.1.703" . 942777248517~ 0498,
622 1T.4 1623 7.3200 0.5869 0:1701.:0.9417 2.85) . 098,
623 20e9 T66e0 7.2850 0.4781: 01 3,128 1.20 ::
624 ~ 20,9 T66,0 77,2850 0,4885%0. 3.128.-120" by
625 25.0 758e2 13600 0.457 606 3e216 1.47 4
676 25.0 758+2 T1.3600 0.4675:0.1797 95 34216 11.47 ¢
627 2645 758.2 73600 0.3872:0.1758 0.9706 13,505 (1256
628 2645 15842 7.3600‘O.396ﬁ§0}£l§§30g96Q3h,3.§05;Tl.S?
GAS RATE = 165.0 CC/MIN EIQUID?RATEi?ﬁ&ﬁEQ;LCCIMIN‘w
629 5.7 756.1 7.3800 1.0584 0.1.074,.08692772.034:70.20
630 5.7 756.) 73800 1.0583i041214w0.8693 2.034..0.

63) 10.0 T64.4 1.3000 0.7652““71105“0;9089““2}394W“0;

63 "0 764.4 1.3000 0.7681 O. 105 0.9085 2.394 0.46
632 13.2 762.3 13200 D.4699 0.1155 0.9508 2.998 0.90
634 1T.4 T762.3 7.3200 0. 4801 0.1154 Qe 9494 2.998 ?.92
635 203 7660 7 .2850 0.4037 0.1160 0.9599 3.1:9 1, 0
63¢& 20.3 1766.0 7.2850 0.4129_0.1153 0.9586 3.190 1-2;
637 25.0 7582 7.3600 0.3901 0.1175 9624 3,263 1.-5
638 25.0 758.2 13600 0.3991 0.1174 0.,9611 3.263 2.24

- 639 26.5 758.2 7-3600 0.3577 0.1180 0.9669 3.388 an
640 2665 75842 73600 Oe3673 0.1179 0.9656 3.38? Mﬁ&

GAS RATE = 165.0 CC/MIN LIQUID RATE = 60.0 2;/ N
64l 5.7 156.1 7.3800 0.9997 0.0813 0.8742 2.07% .19
642 5.7 756.1 7 .3800 1.0003 0.0813 O0.8741 2.214 0.43
643 10.0 T64e4 1.3000 0.7276_0.0835 0.9107__2;214 0.43
644 10.0 T64.4 1.3000 0.7307 0.0834 0.9103 2. .

rAVVg45 12:5 T64 4 7 3000 0.5963 0.0850 0.9291 2. 640 g.;g

\IQUB46  12.5 T64e4 7.3000 3‘2233 3'3%:% %°3i%3 g.gg% 0.83

ol 6 3 703200 . . L ) L4 L]
22; {;.4 ;6343 2 3200 0.4801 00867 0.9456 ;-?;2 g.gg
649 20.9 7660 7.2850 0.3955 0D.0872 09572 3o .



650

214

209 766.0 T«2850

702 17.4 762.3 1.3200 O.

0.4045 0.0871 0.9559 3,136 1.03
651 25.0 758¢2 T7.3600 0.3435 0.0888 0.9643 3,314 1.25
£52 25,0 758.2 T7.3600 00,3579 00886 0.9630 3,214 1.25
653 26.5 15862 73600 0.3453 0.0888 0.9647 3.326 1.34
654 26.5 758.2 T+3600 0.3547 0.0887 0.9634 3.326 1.34

GAS RATE = 245.,0 CC/MIN LIQUID RATE = 30,0 CC/MIN
655 5.7 156e1 7.3800 1l.4876 0.2296 0.8241 1.741 0.15
656 5.7 756e1 T<3800 1.4790 0.2299 0.8253 1l.741 0.15
657 10 001 0.35
658 10.0 T64eé4 7.3000 1.1905 0.2370 0.8650 2.001 0.35
659 135 T6hes T+3000 0.9552 0.2455 0.8994 2.296 0.52
660 13.5 T6hek 77,3000 0,9564 0,2454 0.8992 2.296 Q.52
661 174 162e3 7.3200 0.8740 0,2492 0.9116 2.425 0.7
662 1T7.4 7623 7.3200 0.8760 0.2491 0.9113 2.425 0.71
663 20,9 766 748 2522 0.9294 2.648 0.88
t6s 20.9 766.0 7.2850 0.7515 0.2521 0.9290 2.648 0.88
665 2540 758.2 7.3600 o.724;wq,256230g9341wg2.717fW1.oayﬁ
666 25,0 758.2 7.3600 g.727g§012561”0;9337‘;2;717”‘1.08“yﬁ
667 26.5 T58+2 T7.3600 0.64633 02589 0.9454 20899 115 .
668 26.5 T758.2 T7.3600 o.esazéo.zsezwg;aﬁqpm 2.899.. 1. by
669 30,0 768,6 :7.2600 0.5382%0.2587"0.960151:3.208 il
670 30.0 T6B.6 1.2600 0.54510,2584.0s9591 3.208. . &
671 35.0 768.6 T7.2600 0.4781:0.2608:0+9690: 3.448 " 1, X
672 " 35.0 768.6 1.2600 0. 4885° 0. 2604..0. 9674 3.448.... 1
673 40.0 T71.8 7.2300 O.4244; 022615,0.9766
674 40e0 T77le8 7.2300 0.4339:0.261 975 »
675 50.0 772.3 7.2250 0.3955! 02623 :0.9809 28
676 50.0 7723 T7.2250 0.4045;0:2620 0.9795 1329231 :2.28. i
GAS RATE = 245.0 CC/MIN QgﬁuiPﬁRvIEi=;4,WOc;QﬁlﬂIN"*:@
677 5.7 7561 7.3800 1.3022%Q@iﬁﬁ?g0q8416if1.845j;0014ﬁ3j
678 5.7 156.1 7.3800 1.2973@9;15&3@9,8422m;1;845ﬂ50.légw
679 10.0 T764.4 7.3000 1.041 8051623 0. 8768 72.094770.33 7~
680 10.0 T764.4 7.3000 1.0417 0.1623 0.8768 2.094 0.33
681 17.4 7623 713200 0.7903 0.1688 0.9131 2.441 0.67
682 174 762e3 13200 0.7930 0.1688 0.9127 2.441 0.67
683 20.9 T766.0 7.2850 0.6775 0.1706 0.9287 2.638 0.83
684 20.9 166.0 7.2850 0.6808 0.1705 0.9283 2.638 0.83
685 25.0 T758.2 73600 0.6205 0.1740 0.9379 2.770 1.02
686 25.0 75842 72600 0.6278 0,1738 0.9368 2,770 1.02
687 56.5 758.2 73600 0.6630 0.1730 0.9318 2.678 1.08
688 26.5 T58.2 T.3600 0.6704 0.1728 0.9308 2.678 1.08
089 30.0 T768.6 T7.2600 0.4616 0.1750 0.9596 3,190 1.24
T 600 3N0.0 T6Be6 72600 0.4717 0.1748 0.9581 3.190 1.24
691 25.0 768.6 T7.2600 0.4368 01756 0.9631 3.282 1.47
667 135.0 768.6 1.2600 04465 0.1754 N.9617 3.282 -1.47

Ays093 40.0 T771.8 7.5300 0.%4079 0.1755 0.9671 3.393 1.70

AV 094 40.0 T71e8 T.2300 0.4171 0.1753 0.9657 3.393 1.70

TOUB9S 50.0 T72.3 T.2250 0.3806 0,1760 0.9710 2.518 2.15
696 50.0 7723 T7.2250 0.3894 0.1758 0.9697 3.518 2.15

GAS RAJE ='245%.0 CCAZMIN 1 1011ID RATE = 60 .0 CCZMIN
697 5.7 756.1 73800 1e.1522 0.1215 0.8570 1.946 0.13
L J [ J 4 L J [ L ]
699 10.0 7644 T.3000 O 333 ?)-1242 0. 8894 2.203 g.zi
R . "7276 0.1280 0.9166 2.482 o6’
701 17.4 762.3 7.3200 O-22.0 071580 0.9162 2.482 0.62
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703 20,9 766.0 17,2850 0.6338 0.1290 0.9295 24644 0,79
704  2C.9 166.0 7.2850 0.6412.0.1289 0.9284 2.644 0.79
705 26.5 758.2 7.3600 0.6105 0.1310 0.9337 2.705 1.03
106 l@,i_ls_&,_LL}_QQ_Q_Q_-ﬁAlB_QJ-lm—Qﬁ326 2.705 1.03
707 30.0 768.6 1.2600 0.4120 0.1325 0.9608 3.222 1.18
708 30.0 T68.6 742600 0.4212 0.1323 0.9594 3.222 1.18
709 40,0 771,.8 7.2300 0,416 8 09599 3.201 1.61
710 40.0 T771.8 7.2300 C.4255 0.1316 C.9586 3,201 1.6}
711 50.0 772.3 7.2250 0.3660 0,1326 C.9671 3.393 2.04
712  50. . 22 .3757 0.1324 0.9657 3.393 2.04

GAS RATE = 326.0 CC/MIN T LIQUID RATE = 30.0 CC/MIN .
713 5.7 7561 73800 1.7328-0+2865.0.7963 14596 - 010
114 Se7 75é;l_l4é§29_1;117Z§0;2872‘0;798§;;1;596“”0.10”“‘
715 10.0 T64+4. 1.3000 1.3156:0.3018 0.8551" "14934 0.27
716 10.0 764 .4 7.3000 1.3110:0.3020.0.8558"5 1.934., 0.27 b
717__13.0 76&;&;1;1999_1;A§7Q@9;3957“0;§711§3;AQ98*KD,3Q,@;
718 13.0 764.4 7.3000 1.1658;0:3088:0.8774 098, 0.38
719 17.4 762.3 T7.3200 1.0584: 0.3148:0.8939 A
770 - 17.4 762.3 7.3200 1.0583!0.3148-.0
721 20.9 766.0 7.2850 0.9410; 02318470732
722 20.9 T766.0 7.2850 0.9423° 0.3183.0.

723 26.5 758.2 1.3600 C,899170.3243 0. Y .

To4  26.5 758.2 743600 0.9009:0.3242" " 2.503 ¢

725 30.0 768.6 7.2600 0.691710.3286: 2946 )
727 35.0 768.6 T7.2600 0.579810.3337_0.964, 34323 ,.1.23
728 35.0 768.6 7.2600 0.5869-0s 3334 0.9634 3,323 1.2
796  40.0 7718 7.2300 0.5341 0.3342 0.9710 3.523 1.43
730 40.0 7T1.8 7.2300 0.5409 0.3339 0.0700 3.523 1.43
731 50.0 T772.3 7.2250 0.4575 0.3374 0.9826 4.008 1 .81
732 50.0 7723 72250 0.4675 0.3370 0.9810 4.008 1.81

GAS RATE = 326.0 CC/MIN LIQUID RATE = 45.0 CC/MIN
733 5.7 156.1 7.3800 1.6143 01957 0.8025 1.627 0.10
734 5.7 756e) 7.3800 1.6023 0.1960 0.8042 1,627 0.10
735 10.0 T6bke4 7.3000 1.2517 0.2042 0.8524 1.915 0.26
736 10.0 764e4 13000 1.2483 0.2043 0.8529 1.915 0.26
737 174 7623 T1.3200 1.0081 0.2126 0.8881 2.190 0.53
738 174 7162.3 1.3200 1.0086 0.2125 0.8880 2.190 0.53
739 20.9 766.0 7.2850 0.8782 0.2154 0,9062 2.366 0.65
740 20.9 766.0 7.2850 0.8802 0.2153 0.9060 2.366 0.66

ravy 4l 265 768.2 7.3600 0.7485 0.2221 0.9262 2.604 Q.87
TAW445 26.5 7582 7.3600 0.7515 0.2220 0.9258 2.60%4 0.87

. ATIOUT43  30.0 T68.6 T.2600 0.6172 0.2226 0.9439 2.872 0.99
744 30.0 76B.6 T.2600 0.6245 0.2223 0.9429 2.872 0.99
145 235 .0 T68a6 7..2600 0.5715 02240 0.9506 2.998 1.18
746 35.0 768.6 7.2600 0.5785 0.2238 0.9496 2.998 1.18
747 40.0 77l.8 T7.2300 0.5C29 0.2250 0.9603 3.207 .36
748 40.0 771.8 7.2300 0.5137 0.2247 0.9587 3207 1.36
749 50,0 772.3 7.2260 0a4161 0.2275 0.9730 3,582 1,73
750  50.0 772.3 7.2250 0.4255 0.2272 0.9717 3.589 1.73

GAS RATE = 326.0 CC/MIN L1QUID RATE = 60.0 CC/MIN
751 5.0 756.1'7.3800 1. 7709 Q.1434 0.7751 1 .497 0.0‘_17
752 5.0 756.1 7.3800 1.7541 0.1438 0.7775 1.497 o.o9
753 5.7 756.1 7.3800 1.4961 0.1499 0.8138 1.684 0.0
15 .11 ﬁ.1.1‘3ﬁQQ_14&ﬁ13-ﬂAl5ﬂL—n‘ﬁlil-—l‘bﬂﬁ—‘n‘ng”‘
75; 13.; 724.4 7.3000 1.1340 0.1564% 0.8632 1.990 0.25
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. 756 10.0 764.4 7.3000 1.1327 0.1564 0.8633 1.990 0N.25
757 _13.5 7644 1.3000 0.9594 0.1605 0,888, 2.189 0,37
758 13.5 764e4 7.3000 0.9606 0.1604 0.8879 2.189 0.37
750 17.4 762.3 7.3200 0.8196 0.1643 0.9084 2.389 0.51
760 1T7.4 762 7.32200 8221 0.1642 0.908 .389 .

761  20.9 7660 12850 047920 0.1640 0.9118 2.426 0.63

762 20.9 76600 7.2850 0.7947.041639-009114 20426 063 .-n
763 _26.5 758.2 7.3600 0.7435;0.1670”0.91923j2.513““o.83'g}
T64 26.5 15842 T.3600 0.7515:0.1669 0.9187 2.513 0.83 (.
765 30.0 T68.6 T.2600 0.5839 0.1682 0.9414  2.828 0.95 .
766 20.0 T6Be6 7.2600 0,5911:0.1680°0.9403.". 2.828 - 0,95
767  35.0 768e6 7.2600 044947 0+1703..0.9542 2,068 . 1.13;
768 35,0 T68.6 T7.2600 04505310, ¥700:049527:3.068:"1.13: g
769 - 40.0 771.8 7.2300 0.45334Q;17@&@0,9599;53;L99}m15311'ﬁ
770 40.0 771.8 7.2300 0.4633,”;I10;19.9585123.L99111;315,ﬂ
771 5C.0 772.3 7.2250 0.4161}0;171ﬁqu§&53::3¢341;31;6Q-g
772 _50.0 T172.3 7.2250 0.4255:De1706: 09639 & 34341 (166 [

+  ABSORBER DIAMETER =

D793 CM

SATURATOR TEMPERATURE = - 29C

SYSTEM: N=-HEX ANE=NIT ROGEN=-HEAVYITAND - L-1GHT. -:P ARAEFIN -
GAS RATE = 165.0 CC/MIN LIQUID RATE = 30.0 CC/MIN
773 5.7 T64.2 53000 o.ssaquﬂgpsggo,aasaﬁa;.zsojzo,z3su
774 5.7 164.2 5.3000 0, 6654:0.1150 0.8939, 2250  0.23
775  10.0 7642 5.3000 0.445Q50.1202 0.9373 75 _
776 10.0 764.2 5.3000 0.454930.1199,0.9353 154.. 051
778 17.3 766.0 5.2870 0.3126) 0:1229..0.9633 3,328 0.99:
779 22.3 773.0 5.2390 0.2612° I?Z?§9@97§er§55833”1§315 |
780 " 22.3 773.0 5.2390 0.2688 122709714 - 3,583 1431 i
781 26.5 766.5 5.2840 o.23564o;xz&egué3185g 3.8oe\i1.59\ !
782 26.5 T66.5 5.2840 0.2427 0.1245.0.977Y ﬁ3.808,§1.59§.;
._GAS RATE = 165,0 CC/MIN L1QUID RATE = 45.0 CC/MIN . i1
783 5.7 164.2 5.2000 5 38722 0.0812// 00414 [;2.8227:0.21 "
784 5.7 T64.2 5.3000 0. 39614 040810::0+9396 | 2822 10421, 1
785 100 T64+2 503000 0,3288}D.0821:049527:3+033 o
786 10.0 164.2 5.3000 0.33792 lewgp,gs;‘%Wg,ozzkxp.g7ﬁ?S
787 14.0 764.2 5.3000 0. 2807°0:082870.9621773.252 0.71
788 14.0 764.2 5.3000 0.2888 0.0827 0.9605 3.252 o.;}
7660 17.3 766.0 5.2870 0.2587 0.0830 0.9662 3.367 0'5”
790 17.3 766.0 5.2870 0.2663 0.0828 0.9647 3.367 0.91
791 22.3 7730 5.2390 0.2332 0.0825 0.9708 3.510 1.3%
702  22.3 773.0 5.2390 0.2402 0.0824 0.9694 3.51C 1.4}
793 26.5 766.5 5.2840 002169 0.0836 0.9744 3.635 147
794 26.5 7665 5.2840 0.2247 0.0834 0.9728 3.635 L
GAS RATE = 165.0 CC/MIN 11QUID RATE = 60.0 CC/ N o
795 5.7 764.2 53000 0.3230 0.0617 0.9501 2.981 -20
796 5.7 76442 5,2000 0.3320 0.0616 0.9484 2.981 %.44
797 10.0 764.2 5.3000 0.2422 0.0626 0.9657 3.353 0.4%
798 10.0 764.2 5.3000 0.2495 0.0626 0.9643 3.352 0.4
709 17.3 766.0 5.2870 0.2128 0.0628 0.9713 3.52 Q.84
: 50 17.3 766.0 5.2870 0.2205 00627 0.9698 3.525 Ve
AWES] 22.3 773.0 5.2390 0.2005 0.0623 0.9733 3.597 i'ig
TIOUBO2 22.3 773.0 5.2390 0,2€79 0.0623 0.9719 3.23; .12
803 26.5 0.9753 3.67 .



217 -

804 2645 1665 5428460 041995 0.0629 0.9739 3,672 _1a36
GAS RATE = 245.0 CC/MIN LIQUID RATE = 30.0 CC/MIN
805 57 7642 5.3000 0.7652 0.172) 0.8843 2,154 0.16
806 5.7 764e2 53000 0.7681 0.1720 0.8837 2.)54 0.16
607  10.0 76442 $.3000 0.5673 0.1792 0.9242 2.570 0.37
BOB 10.0 7642 53000 0.5744 0.1789 0.9228 2.570 0.37
800 17.3 766.0 5.2870 0.4864 0.1815 0.9403 2.80) C.72
810 17.3 766.0 5.2870 0.4969 0.1812 0.9382 2.801 0.72
311 22.3 773.0 5.2390 0.4327 0.1816 0.9504 2.983 0.97
812 22.3 T773.0 5.2390 0.4423 0.1812 0.9484 2.993 0«97
813 26.5 76 5 A 1
814  26.5 T66e5 5.2840 0.4129 0.1840 0.9551 3.125 1.17
GAS RATE = 245.0 CC/MIN LIQUID RATE = 45.0 CC/MIN
815 5.7 76442 5,3000 00,7527 0,1153 0.8771 2.094 0.15
816 5.7 764+2 5.3000 0.7557 0.1153 0.8765 2.094 0.15
817 10.0 764.2 5.3000 0.5153 0.1210 C.9239 2.561 0.34
818 10.0 Té4e «30 . o1 29217 2.561 234
819  17.3 766.0 5.2870 0.4310 0.1227 0.9403 2.803 C.68
820 17.3 766.0 5.2870 0.46407.:0+1225-.009384.-.2803:,068 .,
821 22.3 773.0 5.2390 0.420340.1217 0.9417. 2.8257 0.91 i
822 22.3 173.0 5.2390 0.429130.1215 0.9398 ~2.825 (.91
823 265 766.5 5.2840 0.403z§o.123;ﬁo,9457frz;egeﬁM;.lo‘ﬂ
824 26.5 T766.5 5.2840 0 41293Q,Lzsl“o;gqgsfﬁz.396~vlolOz i
GAS RATE = 245.0 CC/MIN £1QUID* RATE = 60.0°-CC/MIN "~
825 5.7 T64.2 5.3000 o.534ﬁ@Q§Q906ﬂ0,91&9«m ;§5q;*0;;4
826 ° 5.7 71642 5.3000 0.5409:0:0 ! 45 F
827 10.0 764.2 5.3000 0.4351
828 10.0 7642 5+3000 0.4449;0:0¢
829 )7.3 766.0 5.2870 0.3519% E
830 1 7.3 7660 5.2870 0.361410.09°
831 22.3 773.0 5.2390 0.324730x
832 272.3 773.0 5.2390 0.3336:0.0
833 26.5 T66+5 5.2840 0.3082:0.0
834 26.5 766.5 5.2840 0.3168° .
GAS RATE = 326.0 CC/MIN {1QUID RATE = 30.0 CC/MIN
335 5.7 764.2 5.3000 1.1088 0.2079 08231 1.733 0.)1
836 5.7 T64e2 5.3000 1.1079 0.2080 0.8233 1.733 0.11
837 10.0 7642 5.3000 0.7652 0.2240 0.8934 2.236 0.28
838  10.0 7642 5.3000 0.7681 0.2239 0.8928 2.236 0.28
839 17.3 T66.0 5.2870 0.6338 0.2265 0.9200 2.517 056
840 17.3 766.0 5.2870 0.6412 0.2291 0.,9185 2.517 0.56
841  22.3 T73.0 5.2390 0.5798 0.2205 0.9301 2.650 0.76
842 22.3 773.0 5.2390 0.5869 0.2202 0.9286 2.650 0.76
843 2645 7665 522840 0.5465 0.2334 0.9380 2.769 0.92
844 26,5 766.5 52840 0.5535 0.2330 0.9366 2.769 0.92
GAS RATE = 326.0 CC/MIN LIQUID RATE = 45.0 CC/MIN
845 5.7 764.2 5,3000 1.0081 0.1423 0.832) 1.784 011
846 5.7 T64e2 53000 1.0086 0.1423 0.8320 1.784 Q.11
AW g7 10.0 T64.2 5.3000 0.7218 n.1510 0.8872 2..79 0.27
WOUB4S 10.0 T64e2 543000 0.7349 0.1509 0.8866 2.179 0.27
849 17.3 766.0 5.2870 0.5257 0.1569 0.9281 2.623 054
850 1743 766.0 5.2870 0.5326 0.1567 0.9267 2.623 0,54
851 22.3 773.0 5.2390 0.5C29 0.1560 0.9317 2.669 0.73
852 22.3 773.0 5.2390 0.5137 0.1557 0.9296 2.669 N.73
853 26.5 766.5 52840 0.4864 0.1581 0.9359 2.732 0.88
854 26.5 766.5 1577 0.9338 2,732 0.88
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GAS RATE = 326.0 CC/MIN LIQUID RATE = 60.0 CC/MIN
855 5.7 764.2 5.3000 0,9159 0.1091 0.8446 1.861 0.10
E56 .7 764.2 523000 0.9175 0,1090 0.8443 1.861 0.10
857 10.0 764.2 5.3000 0.5548 0.1176 0.9156 2.464 026
228 10«0 76462 5.3000 0.5618 0.1174 0.9142 2.464 0.26

9 jed
860 173 T66e0 52870 0.4734 0.1192 0.9214 2.695 0.52
86) 223 773.0 5.2390 0.45C8 0.1185 0.9351 2.720 0469
862 2 18 S 720 0.6°9
863 24.0 7665 5.2840 0.4203 0.120C1 0.9419 2.829 0.76
864 24.0 766.5 5.2840 0.4297 0.1198 0.9400 2.829 0.76
865 26 1 775 0,84
B66 2645

ABSORBER DIAMETER =

76605 52840 0.4465 0.1194 0.9367
04793 CM

2.775 0.84

SATURATOR _TEMPERATURE = ==
SYSTEM: N-HEXANE-NITROGEN-

2°C

i = 1)

HEAVY AND LIGHT PARAFFIN
OIL MIXTURE ( RATIO

—.
GAS RATE = 165.0 CC/MIN

LIQUID RATE = 30.0 CC/MIN

867 5.7 7642 5.3000 0.4492..04120L:049365:::2741-- 023 o
868 S.7 _T164.2 5.3000 0,4591§6:1168“0;9345;;2.741””0523”“1
869 10.0 7642 5.3000 0.357T:0.1222 0.9545 73,070 0.52 .
870 10.0 764.2 5.3000 0.3673ﬁ0.1220,0.9526ﬁtB.O?Q,MO.SZ o
871  14.0 764.2 5.300 0.2995§O¢1236”0.9@60$$§,358fw0.78:33
872 J4.0 7€4.2 5.3000 0.3080:03:1234.-0.9643 2,358, 0.78:
873 17.3 766.0 5.2870 0.271 14 D% 2239, ,97153ﬁ3,§31;W1;oogQ§
874 " 173 766.0 5.2870 0.2789; 0.1237 ‘ i
875 22.3 T73.0 5.2390 0.254670:1230  097%23 2e o 3
876 22.3 773.0 $.2390 o.zazyﬁp;gzzﬂsﬂ¢9728143,632:;, e
878 2645 166.5 5.2840 0.175030;12§}QD.9?05§ﬁ4,132f;1.601:;

GAS RATE = 165.0 CC/MIM L1QUID RATE = 45eC CC/MIN - ¢

‘ _R79 5.7 764.2 53000 0.3789;9.0813~0,9430.f2.849wmo.22;g

880 5.7 164.2 5.3000 0.3877§0;9812@9,9413%W25849:;p,zz,;g

881 10.0 764.2 5.3000,o.2917“0;0827“0;9599““3.198’f0.48'-
882 10.0 7642 5.3000 0.3000 0.0825 0.9583 3.198 0.48
883  14.0 7642 5.32000 0.22°4 0.0836 0.9721 3.554 0.72
884 14.0 764.2 5.3000 0.2362 0.0835 C.9707 3.554 0.72
885 17.3 766.0 5.2870 0.2062 0.0838 0.9765 3.719 0.92
886 17.3 766.0 5.2870 0.2138 0.0837 0.9750 2.719 0.92
887 22.3 173.0 5.2390 0.1758 0.0834 0.9821 2.986 1.22
888 22.3 773.0 5.2390 0.1826 0.0833 0.9807 3,986 1.22
- 889 26.5 T66.5 5.2840 0.160) 0.0844 0.9854 4.189 7 .48
. 890 265 76625 5.2840 0.1665 0.,0843 0.9842 4,189 1.48

GAS RATE = 165.,0 CC/MIN LIQUID RATE = 60.0 CC/MIN
891 5.7 764.2 5.3000 0.4269 0.0605 0.9301 2.647 0.20
892 5.7 7642 5.3000 0.4365 0.0604 0.9282 2.647 020
893 10.0 76&;;_z;zggg_ggazzz_g;gggg_g-9586 3.165 0.44
ayvy894 10.0 764+2 53000 0.2874. 0.062)1 0.9570 3,165 O.&4
“’395 17.3 T66.0 5.287C 0.2046 0.0629 0.9729 3.581 085
TIQUB96 17«3 766.0 5.2870 0.2121 0.0628 0.9714 3,58) 0.85
B97 22.2 T773.0 5.2390 0.1716 0.0627 0.9789 3.83) 1.13
898 22.3 71713.0 5.2390 0.1784 0.0626 0.9716 2. 83X 113
899 26.5 766.5 5.2840 0.1470 0.0636 0.9840 4,101 1.37
900 Z6.5 T66.5 5.2840 0.1530 0.0635 0.9829 4.101 1.37
GAS RATE = 245.0 CC/MIN LIQUID RATE = 30.0 CC/MIN

901 5 7218 0.1733 0.8911 2,214 Q.16
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—

. 902 5.7 764.2 5.3000 0.7349 0.1732 0.8904 2.214 0.16
903 10.0 764.2 -5.3000 0.5087 0.1812 0.9360 2.732 0.37
004 1040 764.2 5.3000 0,5196 0.1809 0.9338 2,732 0,37
905 17«3 766+0 502870 0.4037 0.1845 0.9570 3.126 0.73
306 17«3 766.0 5.2870 0.4129 0.184) 0.9552 3.126 0.73
007 2223 77340 5.2390 0.3495 0,1845 0,9674 3,394 0,97
908 22e3 773.0 5.2390 0.3589 0.1842 0.9654 3.394 0.97
909 2645 7665 502840 0.3206 0.1873 0.9739 . 3.611 1.18
910 26 6 4 9 1870 0.9721 3.611 1.18

GAS RATE = 245.0 CC/MIN LIQUID RATE = 45.0 CC/MIN
911 5.7 764e2 5.3000 0.7360 0.1157 0.8804 2.121 0.15
912 5,7 764 2 39 ‘ . 2,121 0.15
913 10.0 764.2 5.3000 0.4765 0.1220 0.9315 2,667 0,35
914

10.0 764e2 503000.0.4869-0¢1217.-09295

::f.':“'". 2'. 667 ' o o ‘ 3 5,‘!

91%  17.3 766,0 5.28790 0.35367%0.1246 0.9556.°3.095 0.69
016 17.3 766.0 5.2870 0.363120.1243 0.9538 3,095 0.69
917 22.3 T773.0 5.2390 0.304170.1245.0.9649 " 3,325 0.92
918 22.3 7730 5.,2390 0.31263 01243 0.9632:::3.3
919 26.5 7665 5.2840 0.2760i 0.1263.-0.9710 3.513-.1.11:
920 26.5 76645 5.2840 0.28401 0512617049694 ::3+513 Te11.

GAS RATE = 245.0 CC/MIN LIQUID .RATE .= 60,0 CC/MIN =
921 Se7 764.2 5.3000 0.5029:0,091170.9209 {2524 ‘0.14
922 5.7 7642 5.3000 05137020509, 0.9188 ~2.524: 014
923 10.0 764+2 5.3000 0.3789:0:09 2.8885 (0e33;
924 10.0 7642 5.3000 0.3877:0a -888: 10433
975 17.3 766.0 5.2870 0.328830%0940 0T ot
926 17.3 766.0 5.2870 0.3379:0 : 0 .
927 223 T73.0 5.2390 0.2678; 942.0.9663,. . 236 <87
028 22.3 773.0 502390 0.2756 0094070496477 3.3
929 25.0 766.5 5.2840 0,2820 0.0948 0.9633 3.300 0.99
350 25.0 T66.5 5.2840 0.2901 0.0946 0.9623 3.300 0.99
031 26.5 76645 5.2840 0.2587 0.0952 0.9685 3.434¢ 1.05
022 26.5 T766.5 522840 0.2663 0.0951 0.9670 3.434 1.05

GAS RATE = 326.0 CC/MIN LIQUID RATE = 30.0 CC/MIN
933 5.7 764.2 5.3000 0.9661 0.2146 0.8522 1.91) 0.12
934 5.7 7642 503000 0.9672 0.2146 0.8520 1.911 0.12
535 10.0 764.2 5.3000 0.7376 0.2253 0.8990 2.290 0.28
036 10.0 764.2 53000 0.7407 0.2252 0.8984 2.290 0.28
927 14.0 764.2 5.3000 0.5846 0.232% 0.9305 2.656 Q.44
938 14.0 7642 5.3000 0.5917 0.2321 0.9290 2.656 0.44
939 17.3 766.0 5.2870 0.5216 0.2347 0.9432 2.856 057
040 17.3 766.0 5.2870 05284 0.2343 0.9418 2.856 0.57

7941 22.3 T73.C 5.2390 0.4583 0.2351 0.9554 3.087 Q.77

AV S42 22.3 772.0 5.2390 0.4684 0.2347 0.9533 3.087 0.77
NOLUG43 26.5 766.5 5.2840 0.4203 0.2392 0.9641 3.30) 0.93
044 26.5 766¢5 502840 0.4297 0.2388 0.9621 3.30) 0.93

GAS RATE = 32640 CC/MIN { 10UID RATF = 45,0 CC/MIN -
945 5.7 764.2 53000 0.8614 0.1469 0.8613 1.974 o.}“
946 5.7 764.2 5.3000 0.8636 0.1468 0. 8609 1.974 3'5%
947 10.0 T764e2 5.3000 0.5939 0.1553 0.9147 3'222 0.27
948 10 3 -

949 17.3 766.0 52870 04327 0.1598 0.9468 2.912 g.gg
950 17.3 766.0 5.2870 0.4423 0.1595 0.9448 2.91 .

951 2.3 1730 5,z32Q_94ﬁQ31_Q4l521_n;2§lﬁ__3LQAﬁ—_QL1}__-
952 32.3 773.0 5.2390 0.4129 0.1588 0.9500 3.223 8'25
953 26.5 766.5 5.2840 0.3831 0.1613 09567 _ 3120 Oe*



= 220 <

. 954 ° 2645 T166.5 5 3919 6 9549 3,120 0,89
GAS RATE = 326,00 CC/MIN LIQUID RATE = 60.0 CC/MIN
955 5.7 T64.2 5.3000 0.8907 0.1097 0.8495 1.893 0.11
one 5.7 76442 5,3000 0.8926 0.1096 0.849]1 ).893 0.11
957 10.0 76be2 5.2000 0.5673 0.1173 0.9132 2.436 0.26
958 10.0 Tb4e2 543000 0.5744 0.1171 0.9118 2.436 0.26
959 173 76€6.0Q 52 S4079 0.1207 0.9444 2.874 0.52
520 17.3 766.0 5.2870 0.4171 0.1205 0,9426 2.874 0.52
961 22.3 T73.0 52390 0.3536.0.1207.0.9545. 3,070 0.70 -
267 22.3 773.0 5.2390 0.3631 0.1205 0.9526. 3.070 0.70 ./
'263 26*2 et 5 5.2640 0.3305.0.1224 0.9597 3,189 0485 .1
64 2645

ABSORBER DIAMETER =

7665 5.2840 0.3395:0.1222
0,793 CM

049579 3.189__0.85 i

"SATURATOR TEMPERATURE ==
SYSTEM: N—HEX AN E-NITROGEN-

° C :

OIL MIXTURE ( RATIO 2

|

2
HEAVY, - AND.-LIGHT. PARAFFIN,

GAS RATE = 165.0 CC/MIN LIQUID RATE = 30.0 CC/MIN

966 5.7 7@&;2_5;19QQ_QL;91é§6frzr4“0;9473Q;2.969” 024 53
967 100 T64.2 5.3000 0.320630.1231 0..9619"3.244 052 '
268 10.0 764.2 5.3000 0.329450.1229ﬁo,9601*ﬁ3.244,wo.52 -
969 1112,76&;2_§&§QQQ_Q;2A73€9.12§8”0,9763333.713"MG.75;.,
970 13.5 T64.2 53000 0e25471021246-0.9749 3.713.. 0.75
971 17.3 766.0 5.2870 0.2299; 2124970979713 =

972 - 17,3 766,00 5.2870 0.2368 124705783

973 223 T73.0 5.2390 0.1922:0.% 0.9868

974 22.3 773.0 5.23°90 0.1.9953 021243049853 44272 o
975 25.0 766+5 5.2840 0. 20121 0. 1254 :0.9853 4,173 1151
oTe  25.0 T66+5 5.2840 0.2086:0.1253 0.9838 1:4.173" 11 5
978 26.5 166.5 5.2840 0.1750) 0412612029905 %6732 i) S

GAS RATE = 165.0 CC/MIN L1QU 1D, RATE. = &4 o
979 5.7 764.2 5.3000 0.262870.,0R3170.96556 >
980 5.7 7642 53000 0.2705 0.0830 0.9641 3.347 0.22
961 10.0 764.2 5.3000 0.2087 0.0840 0.0761 3.703 0.48
982 1040 T64e2 543000 0.2163 0.0838 0.9746 3.703 0.48
983 17.3 766.0 5.2870 0.163% 0.0844 0.9848 4,148 0.93
984 17.3 1660 5.2870 0.1699 0.0843 0.9836 4.148 0.93
985 18.0 T66.0 5.2870 0.1478 0.0847 0.9879 4.365 0.97
986 18.0 766.0 5.2870 0.1538 0.0846 0.9867 4.365 0.27
987 22.3 173.0 5.2390 0. 1380 0.0840 0.9895 4.494 1.23
988 22.3 773.0 5.2390 0.145% 0.0839 0.9881 4.494 1.23
989 25.0 773.0 5.2390 0.1377 0.0840 0.9896 4,499 1.3°
990 25.0 T72.0 5.2390 0.1451 0.0839 0.9881 4.499 1.29
991 2645 T66e5 52840 0.1217 0.0850 0.9930 4,871 1.49
997 26.5 766.5 5.2840 0,1283 0,0849 0.9917 4.87L 1.49

TABAS RATE =

165.0 CC/MIN L

IQUID RATE =

60.0 CC/MIN

993 .7 764 .2 53000 0.2422 0.0626 0.9657 3.353 0.20

ATIQUQ9Y 3.3 764.2 53060 02495 00626 0.9643 3.352 0.20

995 10.0 Té4.2 5.3000 0.1881 0.0633 0.9762 3.708 0.45

996 10,0 T764.2 c.3000 0.1952 0.0632 0.9748 2.70n8 0,45

997 17.3 766.0 5.2870 0.1470 0.0636 0.9840 4,102 0.86

998 17.3 766.0 5.287C 0.1530 0.0635 0.9829 4.102 0. 86

999 20.0 766.0 5.2870 0.1266 0.0638 0.9880 4.36° 1.0{
1000 20.0 266.0 £ 2870 0.1334 00,0638 0.9867 42369 1.0

1001 223 773.0 5.2390 01217 0.0633 0.9887 4,430 1.{2
1002 22.3 173.0 5.2390 0.1283 0.0632 0.9874 4.430 1o



- 221-

1003 25,0 773.C 55,2390 021149 0.0633 €.9900 4.550 1429
1004 250 T73.0 5.2390 0.1213 0.0633 0,9888 4.550 1.29
1005 265 7665 5.2840 Co1013 0.0641 0.9929 4.871 1 .38
1006 2645 T66a5 542840 0.1070 0.0640 0.9918 4,871 1,38
GAS RATE = 245.0 CC/MIN LIQUID RATE = 30.0 CC/MIN
1007 S5e7 T764.2 5.3000 0.5839 0.1786 0.9208 2.527 0.16
1008 5,7 76 9 1 527 0,16
1009 10.0 764.2 5.3000 0.4037 0.1850 0.9572 3.131 0,37
1010 10.0 76€4.2 5.3000 0.4129 0.1847 0.9554 3.131 0.37
1031 13.0 764.2 5.3000 0.3660 0.1863 0.9649 3.32) 0,52
1012 13.0 764.2 5.3000 0.3757 0.1860 0.9629 3.32) 0.52
1013 173 T766¢0 5.2870 0.3536.0.1863.0.9672;. 3.389330.73‘zﬁ
1014 173 76640 5,2870 0.363130.1859 0.9653." 3.389 0.73 .
1015 18.0 766.0 5.2870 0.3371:0.1868 0. 9705 73,494 0.77
1016 18.0 766.0,5.2870 0.3463:0,1865 .0.9687.3.494.. 0.77
1017 22 +287 .3313ﬁ0.1870 0. 9717!*3.5%4‘:_

1018 22.3 766 0 5.2870 0.340&‘0;1861u0.9699 3.534-. 0.98:
1019 265 T66.5 5.2840 0. ?958§ )'e ] : 934819 1419}
1020 ° 26.5 76645 5.2840 0.30427 73681971419
GAS RATE = 245.0 CC/MIN LIQUI 24540 . CCIMIN %
1021 5.7 764.2 5.3000 0.4533;0,1225.:0. 9361 {2,735 0.15 ©
1022 5.7 764.2 5,3000 0.463310.1223 0.9341 . 2735 ‘0% 15,
1023 10.0 7642 5.3000 O.3748: 0.1244_0.9516 134011 10435 A
1024 310.0 T64.2 5.2000 0.383510+1242.0.9499 ¢ 34011 035
1025 12.0 764.2 5.3000 0.3416¢0'*252“0.9582*'3 153:w‘A .
1026 13.0 T64.2 5.3000 0.32509.,001250.0.9563  3.153.. 0.49..
1027 17.3 766.0 5.2870 0.3082°031256 70,9646 3,318 0,697
1028 17.3 766.0 5.2870 0.3168 0,1254 0.9629 3.318 0.69
1029 223 773.0 5.2390 0.302% 0.1245 0.9652 3.335 0.93
1030 22.3 773.0 5.2390 0.3109 0.1243 0.9635 3.335 0.93
1031 22.5 773.0 5.2390 0.2843 0.1249 0.9688 3.443 0,94
1032 22.5 T73.0 5.2390 0.2924 0.1248 0.9672 3.443 0.94

. 1033 26.5 766.5 5.2840 0.2711 0.1264 049720 3.547 1.12
1034 26.5 T66.5 5.2840 02789 0.1263 0.9704 3,547 1.12
GAS RATE = 245.0 CC/MIN LIQUID RATE = 60.0 CC/MIN
1035 5.0 7642 5.3000 0.4368 0.0923 0.9239 2.702 0.11
1036 5.0 76G.2 5.3000 0,4465 0,0922 0.9320 2,702  0.11
1037 5.7 T64.2 5.3000 0.3701 0.0935 0.9469 2.917 0.15
1038 5.7 764.2 5.3000 0.3799 0.0934 0.9450 2.917 0.15
1029 100 T64e2 53000 0.3156 0.0945 0.9575  3.139 0.33
1040 10.0 764.2 5. 5000 0.3244 0.0944 0.9558 3.139 0.33

AN 41 17.2 766.0 5.2870 0.2628 0.0952 0.5677 3.410 0.66

LATIOND42 17.3 T66.0 5.2870 0.2705 0.0951 0.9662 3.410 066
1043 22.3 773.0 5.2390 0.2257 0.0949 0.9746 3.646 0.88
1044 22.2 773.0 5.2390 0.2326 0.0%48 0.9732 3.646 0.88
1045 26.5 766.5 5.2840 0.2087 0.0961 0.9783 3.797 1.06
1046 26.5 76€.5 5.2840 0.2163 0.0960 0. 9768 3.797 1.06
GAS RATE = 326.0 CC/MIN LIQUID RATE = 30.0 CC/MIN
1047 6.7 764.2 543000 0.8489 0.2201 0 8762 2.087 Q.12
1049 10.0 T64+2 503000 0.6214 0.2307 0.9229 2.554 0.29
105¢Q 10,0 764,22 5Sa 2000 0.6286 0.2304 0.9214 2,584 029
1051 17.3 766+0 5.2870 0.4575 0.2376 0.9565 3.111 o.sg
1052 117.3 766.0 5.2870 0.4675 0.2372 0.9544 3.111 0.5
1083 22,3 71730 Sa 2390
1054 22.3 773.0.5.2390 0.4129 0.2372 0.9649 3.377 0.77

-,



222 -

(
1055 26.5 T66+5 5.2840 043789 042411 0.9727 3,567 0.94
1056 2645 76645 5,2840 0,3877 0.2407 0.9708 3,567 0,94
GAS RATE = 326.0 CC/MIN LIQUID RATE = 45.0 CC/MIN
1057 5.7 764.2 5.3000 0.7819 0.1494 0.8772 2.095 0.11
1058 5,7 764 Qo 847 0.1493 0, 8766 2.005 0.1l
1059 10.0 7€4.2 5.3000 0.478)1 0.1589 0.9379 2.763 0.28
1060 10.0 764.2 5.300C0 0.4885.0.1585 09358 . 2763 C.28..-
1061 . L0 5.2R870 0.3701.0.1618 0.9593 3.179 0.55
1062 17.3 7166.0 5.2870 0.3799 0.1615 0.9574 3.179 0.55
1063 223 7730 5.2390 0.3288 . 0.1614 0.9670 3,385 0.74 -
1064 223 773.0 5.2390 0.3379:0.161) '0.9652 3.385 De74%- |
1065 2605 7665 52840 C.2164 01633 0.9701 3.,48) _0.90 i
1066 265 T66.5 5.2840 o.3252&0;1631g9.9683«~3,481g*0;90123
GAS RATE = 2326,0 CC/MIN LTIQUID RATE = 6040 CCC/MIN i
1067 5.7 764.2 5.3000 0.741850;1132,0.8783:rz.tosgjo;ll,;g
1068 S.7 764.2 5.3000 0.744959;1131g0.8782ng.les;‘o.Lliya
107C 10.0 764.2 5.3000 0.4381)0.1203 09386 2807 :0%c5
1071 17.2 766.0 5.2870 0.3€82% 051230 '0.,964) 3. «53;
1072 17.3 766.0 5.2870 0.21685041228:0+9624 33! 053"
1072 223 173.0 5.2390 o.26691b;1221:D33715¢;3.54zi 0.T1..
1074 223 7730 5.2390 o.z741w‘:Tzza“o;9703““3:542*“b;71“';
1075 26.5 T66e5 5-28404Q;3&é2_Q;lZ2&.2;212&..2;112__2:22___
1076 265 766+5 5.2B40 0.2537 0.1242 0.9749 3.715 086
ARBSORRER DIAMETER = 0,793 (M :
SATURATOR TEMPERATURE == 2°C

'_SYSTEMz N-HEXANE-HEL IUM-LIGHT PARAFFIN oIL

GAS RATE = 165.0 CC/MIN LIQUID RATE = 30.0 CC/MIN
1077 7.0 T77l.4 5.2500 o.zosznq-;zaqmp.9336;%§.063;yo.zqixi
1078 7.0 7714 5.2500 0.2163§0;1242‘0.9820;;4.063 0.29
1079 10.0 T7l.4 5.2500 0.1716.0.1252 0.9909 = 41636 0.47
1080 10.0 77le4 5.2500 0.178@@0.125!,0.9896?74.636am0.47 =
1081 13.0 77l.4 5.2500 0,155229-1256*o.9942¢:5.057*ao.65,;;
1082 130 77le4 52500 0.1615;0.1255..0.9930 5.057.. 065
10683 17.3 77l.4 5.2500 0.14202Q;t25950g9969j35.5¢63“0990.;;
1084 173 7T71le4 52500 01;9955p,xgsaﬁq.qgsafﬁs.sbeﬁ%o.go b
1085 20.0 77l.4 5.2500 o.13aq§o,x;eojp.9917“i5,3173g1.oafii
1086 20.0 TTl.4 5.2500 0.145§§Q,I;§240¢99QZ35558177;1.06;;i
GAS RATE = 165.0 CC/MIN E;pulprggye:=‘4§§0.3c3(ﬁ1N
1087 7.0 771l.4 5.2500 0.1840@0:0835f0.9805%?3.905i'0.27
1088 7.0 77l.4 5.2500 0.191050.0834go,9192;;3.995 0.27
1089 10.0 77).4 5.2500 0.1511 0.0840 0.9870 " 44299 0e43
1050 10.0 T77l.4 5.2500 o.1572%0,3839;0.9855w?4.299mﬁo.43T7§
1051 13.0 77l.4 5.2500 0.1380M0;0842’0.9896““4.500”’0.60'“
1092 13.0 77le4 5.2500 0.1454 0.0841 0.988) 4,500  0.60
1095 17.3 T71.4 5.2500 0.1217 0.0845 0.9928 4.850 0.83
1094 17.3 7T7le4 5.2500 0.1283 0.0844 0.9915 4.850 0.83
1095 18.5 77l.4 5.2500 0.1164 0.0845 0.9938 4,996  0.90
10956 18.5 771.4 5.2500 0.1228 0.0844 0.9926 4996 0.90
1097 20.0 77l.4 5.2500 0.1152 0.0846 0.9941 5.033 0,98
1098 20.0 771.4 5.2500 0.1215 0.0845 0.9928 5.033  0.98
GAS RATE = 165.0 CC/MI LiQUID RATE = 60.0 CC/MIN
1099 7.0 T7l.4 5.2500 0.1774 0.0628 0.9779 3.782 0.25
1100 7.0 77l.% 5.2500 0.1843 0.0627 0.9766 3,783 0.25
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1101 160 771.4 5.2500 0.1420 0.0632 0.9848
1102 10.0 77)l.4 5.2500 01496 0.0631 0.9833
1103 13.0 771l.4 5.2500 0.1298 0,0633 0,9872
'V1104 130 77le4 522500 0.1369 0.0632 0.9858
1731105 173 T7Tle.4 5.2500 0.1.095 0.0636 0.991)
HOL1C6 1763 TTle4 502500 0.1155 0.0635 0.9900
1107 20.0 771.4 5.2500 0.1038 0.0636 0.9923
1108 20.0 771 \ Q CAN
GAS RATE = 245.0 CC/MIN LIQUID RATE = 30.0 CC/MIN
1109 5.0 7TT7Tle4 5.2500 0.3181 0.1861 0.9739 3.613 0.l2
1110 5.0 77le4 5.2500 0.3269 0.1857 0.972)1 3.612 0.12
1111 7.0 7714 S5.2500 00,2792 0.1874 0.9819 3,966 0.21
1112 7.0 771.4 5.2500 0.2874 0.1872 0.9802 3.966 0.21
1113 10.0 771.4.5.,2500 0.2299 0.1892 0.9920 4.742 Ce34
1114 10,0 771 .4 5.2500 0.2368 0.,1889 0.9905 4,742 Qq34
1115 13.0 771.4 5.2500 0.2144 0.1897 0.9951° 5.184 Ce&7
1116 13.0 771.4 5.2500 0.2221 0.1895 0.9935 5.184 0.47

4.140 0.49
4,140 0.40
4.306 _0.55
4.306 0.55
4,664 0477
4,666 077
4,793 0.9

11l7 17 9 9 641 Q.67
1118 17.5 7714 5.2500 0e 2121 0.1898 0.9956 5.641 0.67
GAS RATE = 245.0 CC/MIN LIQUID RATE = 45.0 CC/MIN

1119 S0 7T7le4 52500 02669 0.1257 0.9724  2.564 0.11

1120 5.0 771l.4 5.2500 0.2747 0.1255 0.9709 T3.566 0Oall
1121 7.0 T7le4 5.2500 0.2463 0.1261 0.9765 3,722 0.20
1122 7.0 7714 5.2500 0,2537 0,1260 0,9751 3,722 0,20
155 70,0 771.4 5.2500 0.2005 0.1272 0.9857 %4.199 032
1124 10.0 T7Lle4 s.zsoo_o.2079@o,g211go-9eAZﬁwg-zgqmwo.3zw»

1125 15.5 T77l.4 5.2500 0,1531?031283”6}9§50WfS;l95““0.55ff

1126 15.5 771l.4 5.2500 0.159970.1282 0.9938 ~5.195 0455
1127 17.4 771.4 5.2500 0.1420§0.1zagm9.99745*5.716.uo.ea i
1128 17.4 771.4 5.2500 0.1495;o¢128@~0.9959x;5.716~\obsaﬂfv

GAS RATE = 245.0 CC/MIN E1QUID-RATE = 60.0 CCC/MIN i}

1129 7.0 77le4 52500 o.2323§q;0936g9,9739§;3.600{*0.19ﬁ{ﬁ
1130 ° 7.0 77l.4 5.2500 Q;gqugo;oegsﬁp,smzoffa.eoo;,0.19;;f
1131 10.0 T7les 5.2500 0-2005295D°56;0a9197;£3-860ﬁ;0-30 !

50,0954

1132 10.0 7714 5.,2500 O. 3,860 Ce30

i

1133 174 7714 5.2500 0.1323:0: 0268 0.993 448861 70,69
1134 1 7.4 7T7le% 5.2500 0.1394j 0:0967:0.9917 249886@ﬂ0-60

1135 20.8 T77le.4 5.2500 0.1249030969:0+99% L05: 073
1136 20.8 7T7l.4 5.2500 0.1317:0.096 +105---0.73
1127 20.8 T7l.4 5.2500 0.1152 0673 T
1138 20.8 77l.4 5.2500 0.1215 C.732

1139 5.5 77).4 5.2500 0.1170 0.097) 0.9961 5,412 092
1140 255 77l.4 502500 0.1235 0.0970 0.0949 S5.412 0.92
GAS RATE = 326.0 CC /MIN LIQUID RATE = 30.0 CC/MIN
1141 7.0 77Le4 52500 0.3453 0.2404 0.9791 3.821 0.16
1142 7.0 771.4 5.2500 0.2547 0.2400 0.9771 32.821 0.6
1143 0.0 77l.4 5.2500 0.2793 0.2434 0.9928 4.833 0.26
1164 1040 77l.4 5.2500 0.2874 0.2431 0.9912 4.833 0.25
GAS RATE = 326.0 CC/MIN LIQUID RATE = 45.0 CC/MIN
1145 5.0 77)le4 52500 0.3255 0.1615 0.9678 3.408 0.08
1146 5.0 7714 52500 0.3345 0.1612 0.9660 3.408 0.08
1147 7.0 77le4 5.2500 0.2669 0.1633 0.9796 3.857 0.12
1148 7.0 T771le4 502500 0.2747 0.1631 0.9781 3.857 0.1‘3
1149 10.0 77l.4 5.2500 0.2381 0.1642 0.9855 4.184 0.2‘3
150 10.0 771.4 5.2500 0.2452 0.1640 0.9840 4.184 0.2°
FAY 51 11.0 771le4 5.2500 0.2037 0.1653 0.9924 4.793 0.29
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viti1152 11.0 771le4 5.2500 0.2)J13 0.1651 0.9909
1153 13.5 7T7le.4 5.2500 0.1972 0.1655 0.9938 . 4,971 0.37
1154 13,5 771l el 55,2500 00,2045 0,1653 09923 4297V 0,37
1155 174 T771l.4 5.2500 0.,1799 0.1660 0,9973 5.698 0.50
1156 174 TT7l.4 5.2500 0.1868 0.1658 0.9959 5.698 0.50
1157  17.5 774 5.2500 0.1832 0.1659 0.9966 54512

4.792 0.29

0.5
1158  17.5 T77le4 5.2500 0.1902 0.1657 0.9952 5,312 051
GCAS RATE = 326.0 CC/MIN  LIQUID RATE = 60.0 CC /MIN
1159 5.0 771<4 5.2500 0.2711 0.1227 0.9711 3.516 0.08
1160 5 1225 0,9695 3,516 0.08
1161 7.0 771.4 5.2500 0.2381 0.1234 0.9776 3.769 Cel4
1162 7.0 771le4 5.2500 002452 01233 0.9762 32,769 0D.l4
1163 10,0 77124 5,2500 0,2169 0,1239 0,9813 3,968 0,264
1164 10.0 77le4 5.2500 C.2247 0.1237 0.9803 3.968 0.24
1165 14.0 77le4 5.2500 0.1716 0.1250 0.9909 4,630 0,37
1166 14,0 T71l.4 5.2500 0,1784 0.1248 0.9896 4.630 0.37

1167 17.4 7714 5.2500 0.1573 0.1253 0.9938 4.985 0.48
1168 17.4 77l.4 5.2500 0.1636 0.1252 0.9925 4.985 0.48
1169 25 5 9 5 9954 5,266 0.7
1170 255 77le4 5.2500 0.1551 0.1254 0.9942 5.266 075

ABSORBER DIAMETER = 0,793 CM

SATURATCOR TEMPERATURE =—2°C :
| SYSTEM: N-HEX ANE-HEL TUM-HEAVY PARAFFIN OIL .
GAS RATE = 165.0 CC/MIN LIQUID RATE = 30.0 CC/MIN
1173 7.0 771.4 5.2500 0.5573,-001162-00914 1224462027

1173 10.0 7714 5.2500 0.4368;0,1191 0.938) 2766 0.4 .
1175 13.0 77l.4 5.2500 Q,387Z§9,;202”0.ﬂ480mg2.93éw<0.613ﬁg
1176 12.0 77l.4 542500 0.396§§Q;I2Qp£959462 2,939 (
1178 17,4 771.4 5.2500 0.3547; 0.1210-.0.9- 1341100 0o
1179 20.8 T71l.4 5.2500 3.3022 1221 'i'\“C¢3’293§iT:~
1181 gs.s 771 .4 522500 0.28761i0.1226 049678 ;13+412
1182 25.5 77l.4 5.2500 0.295 4704966 3.412.
GAS RATE = 165.0 CC/MIN L2 A /M
1183 7.0 771.4 5.2500 0,478050.0789:0eFcen: 24549
1184 7.0 771.4 5.2500 0.4884:,0.0" 0.9208..2.542..C
1185 10.0 771l.4 5.2500 0.4037°0.0 0.9374 7 2757
1186 10.0 7714 5.250C 0.4129 0.0799 0.9356 2.757
1187 13.0 T771l.4 5.2500 0.3495 0.0809 0.9480 2.940
1188 13.0 77)es 5.2500 03589 0.0808 0.9462 2.940
1389 17.4 77)e4 5.250C 0.3222 0.0813 0.9534 3.048
1190 17.4 T7l.4 5.2500 0.3311 D.0812 0.9516 3.048
1191 20.8 7Tle4 5.2500 0.2876 0.0819 0.9602 3,204
1192 20.8 77l.%4 5.2500 0.2958 0.08)7 0.9586 3.206
1193 25.5 77l.4 5.2500 0.2999 0.0817 0.9578 3,345 1 1
1194 25.5 T7l.4 5.2500 0.3084 0.0815 0.9561 3,145 1.21
GAS RATE = 165.0 CC/MIN LIQUID RATE = 60.0 CC/MIN
1195 7.0 7714 5.2500 0.3938 0.0602 0.9357 2-731 0.23
1196 - 7.0 T7le4 542500 0.4029 0.0601 0.9340 2.731 0.23
L4 5,2500 0.3412 0 0608 0.9460 20902 037
A kl98  10.0 7714 5.2500 003505 0.0607 0.9442 2.902 0.37

M

o)

cc/
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71199 13.0 77l.4 5.2500 0.3082 0.0612 0.9524 3.028 0.52

(11200 130 7T71e4 5.2500 0.3168 0.061) 0.9507 3.028 0452
1201 174 T7)le4 5.2500 0.2711 0.0617 0.9596 3.191 0.73
1202 17.4 T71e4 S5,2500 0.2789 0.0616 0.9581 3,191 0,73
GAS RATE = 245.0 CC/MIN LIQUID RATE = 30.0 CC/MIN
1203 7.0 7714 5.2500 0.74835 0.1707 0.8862 2.171 0.19
1204 7.0 771l.4 5.2500 0.7515 0.1706 0.8856 2.171 0.19
1205 10,0 771.4 5.2500 00,6255 0.1751 C,9112 2,414 0431
1206 10.0 77le4 5.2500 0.6328 0.1748 0.9098 2.414 0.31
1207 13.0 771.4 5.2500 0.5548 0.1776 0.9256 2589 Qb4
1208 1340 771le4 5,2500 0,5618 00,1774 0.9242 2.589 Q.44
1209 17.4 T7le4 5.2500 0.,5087 0.1793 0.9350 2.717 0.63
1210 17.4 771l.4 5.2500 0.51S6 0.1789 0.9328 2.717 0.63
121) 25 7 . & o 9 021  0.97
1212 255 T7T7le4 5.2500 0.4339 0.1819 0.9503 3.021. 0.97

GAS RATE = 245.0 CC/MIN

LIQUID RATE = 45.0 CC/MIN

1213 5.0 7714 5.2500 0.7C67 0.1151 0.8848 2.158 0.09
1214 5.0 771.4 5.2500 0.7C99 0.1151 0.8841 2.158 (.09
1215 7.0 7714 5.2500 0.5964 0.1178 0.9067 2.365 0.17
1216 7.0 771.4 0_0,6036 76 0.9 2.365 0.17
1217 100 T77le4 5.2500 0.5631 0.1186 0.9134 2.438 0.30
1218 10.0 771 .4 5.2500 0.5702“001‘184"0.9120-«2.438\ ~x~0.30' e
1239 13,0 771.4 5.2500 0.49470.1202 0.927 2.603 "0l42
1220 130 771.4 5.2500 0.505310.1200 0.92469°52+603 0.42
1221 174 771.4 5.2500 o.4575§0.121;ﬁg593¢41;z;zgqmmp.sq
1222 1704 771s% ] 4675 0.1209°0, 9324 -0 7109059,
1223 25.5 T7leé 5.2500 0.40375C 224..059451 2.886,. 0.92
1224 255 771.4 5.2500 0.412?%q,rzzz;ogggﬁgﬁﬁg.asqgwo;qz
GAS RATE = 245,0 CC/MIN L1QUID-RATE = 60 0. CC/MIN
1225 5.0 77l.4 5.2500 0.6293:0.08 2,248 0,09
1226 5.0 77le4 5.2500 0.6361 . : ,
1227 7.0 771.4 5.2500 0.5440

1228 7.0 771.4 5.2500 0.5510,0.08
1229 10.0 T71.4 52500 0.4947:020902
1230 10.0 77le4 502500 0.5053,0
1931 12.0 77)e4 5.250C 0.4285:0.09..

1232 13.0 T771.4 5.2500 0.438170. 91

1233 17.4 T7l.4 5.2500 0.3955 0.09

1534 17.4 T1le4 5.2500 0.4045 5.0910 0.9394 2.818 0.56
1235 25.5 TT1l.4 5.2500 0.3577 0.0928 0.9486 2.951° 0N.87
1236  25.5 771le4 5.2500 0.3673 0.0926 0.9467 2.951 0.87
GAS RATE = 326.0 CC/MIN LTQUID RATE = 30.0 CC/MIN
1237 7.0 77le4 5.2500 0.8430 0.2173 0.8757 2.083 0.14
1238 7.0 77l.4 5.2500 0.8453 0.7172 0.8752 2.033 0.1l4
1236 10.0 771.4 5.2500 0.7633 6.2210 0.892) 2.224 0.24
1240 10.0 77l.4 5.2500 0.7665 0,2209 0.8915 2.224 0e24.
1261 1744 T7le& 52500 025897 0.2201 0.9282 2.623 0.49
1262 17.4 771.4 5.2500 0.5969 0.2288 0.9267 2.623 Na49
1243 25.5 T7le4 5.2500 0.5216 0.2323 0.9423 2.841 0.77
1244 25.5 77le4 52500 0.528% 0.2319 0.9409 2.841 0.77

TpGAS RATE = 3260 CC/MIN LTIQUID RATE = 4500 CC/MIN
Y525 7.0 77le% 502500 0.7360 0.1488 0.8849 2.159 0.12

IOV 246 7.0 771l.4 5.2500 0.7390 0.1487 0.8843 2.159 0.13
1247 10.0 TTle.4 5.2500 0.6338 041520 0.9055 2.35) 2.3;
1248 10.0 771.4 5.2500 Q0.6412 041517 0.9040 22351 -
1249 17.4 77l.4 5.2500 0.5€29 0.1560 0.9319 2.671 0.47

)
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. 1250 174 TTl.4 5.2500 0.5137 0.1557 0.9297 2.67L 0.47
1251 255 771e4 5.2500 0.4533 0.1576 0.9419 2.829 0.74
12862 26.5 T77l.4 5.2500 0. 4623 0,1573 0.9399 22,829 N.T74
GAS RATE = 326.0 CC/MIN LIQUID RATE = 60.0 CC/MIN
1253 7.0 7714 5.2500 0.6713 0.1133 0.8914 2.213 " 0.12
1254 4 55,2500 0.6787 0.1131 0.8899 2,213 Q.12
1255 10.0 T7le4 5.2500 0.5756 0.1156 0.9104 2,405 022
1256 10e0 771le4 5.2500 0.5827 01154 0.9090 2.405 0.22
1257 17 1 5 4 a
1258 17.4 77le4 5.2500 0.4717 0.1180 0.9311 2.690 0.45
1259 25.5 77le4 5.2500 0.4161 0.1193 0.9421 2.834 0,70
1260 2545 771a% 542500 Q.425 . 7
ABSORBER DIAMETER = 0,793 CM
SATURATOR TEMPERATURE = —2°C " - .

SYSTEM: N-HEXANE-FREON-14-LIGHT PARAFFIN OIL

GAS RATE = 245.0 CC/MIN LIQUID RATE = 30.0 CC/MIN

1261 5.0 T71le4 52500 o.907LWQ,;bsqfo.854L3;1¢91xvgom14?#

1262 5.0 771.4 5.2500 0.92625021643'0.850;@;1.911“‘0.14

1263 7.0 T7le& 5.2500 0.707430.1722 0.8946 24225

1264 T.0 T7l.4 5.2500 0.734270.1712 08891712225

12 10.0 77l.4 5.2500 0.6010}0.1760"0.916Z7ﬁ2.443*w_

1266 10.0 7714 5.2500 0. 632401749 0.9099 2.443. (

1267 13.0 77l.4 5.2500 o.524239&1187;9.9319¢;;,§313ﬂ' :

1268 ° 13.0 771l.4 5.2500 0.5591593;715}9,9248412.6321¢ ;

1260 15.0 T771l.4 5.2500 0.4123§Qp18.;>0g9547”3-011$; 8 L

1270 15.0 77)l.4 5.2500 0.4526}0;;813JD{9&652%39011{?0;68; :

1271 174 17714 5.2500 o.ao41§p}1§39ﬁ9@9563:g3-042;;OfBQ,a;

1272 3 7.4 T7)e4 542500 0.445320218155049ﬁ80iﬁ3q042510-801?@

1273 20.7 7Tle4 5.2500 0.3534" 1848 09667 ; 34285 :0.98: i

1275 25.5 T77le4 5.2500 030201 0.1866.0.9772. 3609 .1.2%4 .,

1276 255 T7le4 5.2500 0.3480“0?I850”0;9678”'3;609“*1;24““
' __ABSO R AMETER = 793 __CM

SATURATOR TEMPERATURE == 90C

| SYSTEM2: N-HEXANE-FREON-14—HEAVY PARAFFIN OIL
GAS RATE = 245.0 CC/MIN TTQUID RATE = 230.0 CC/MIN
1277 5.0 77144 5.2500 1.0851-001586-048180 . 12697 0.12. -~
1278 5.0 771.4 5.2500 1.0982;0.1581 0.8154. 1.697 0.12 .
1279  T.0 77l.4 5.2500 0.9920:0.1619 0.8369 ~1.803 0.22
1280 7.0 77l.4 5.2500 1.oosqgo.1614ﬁo,8336,31.803¢\o.22 %
1281  13.0 77l.4 5.2500 0.839239m1674'0,8§78$g2¢007*u0.53ﬁ,ﬁ
1282 13.0 77le4 5.250C 0.8608:0.1667.-0.8535 2,007 0453 :
1283 15.0 771.4 5.2 500 0. 7466 0. 1“708 'Q.8866~;.15 5; 0 ,641
1284 °15.0 771e%4 5.2500 0.771§QO}3699@Qg88L5572 155...0s 64
1285 17.4 T7l.4 5.2500 C. 7542 0.,1705 048851 142 10476
1286 17.4 T7l.4 5.2500 i " Qe 3-;
1287 25.5 T71.4 52500
1288  25.5 T7)e4 5.2500 O- 2
ABSORBER DIAMETER = 0,594 CM
SATURATOR TEMPERATURE =—2°¢C

SYSTEM: N-HEXANE=NITROGEN=L IGHT

—

PARAFFIN OIL

= 30.0 CC/MIN
GAS RATE = 165.0 CC/MIN LIQUID RATE = 3
1289 5.0 77l.4 5.2500 0.398&ggmléggﬁgﬁgﬁélmmzosgbmm0313mgm
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1290 5.0 T71.4 5,2500 0.4C€79°0.1197 0.9438. 2.896" 013"
1292 7.8 77l.4 5.2500 0.3C0070.,1223 .0.9653.7.3.387 . 0.25 g
1293 11.0 771 .4 5.2500 02406 0.1236°0.97727:3.750 039, i}
1294 11.0 T7l.%4 5.2500 0.2478'0.1235.0.9758 3.750 . 0439 ;1
1295 14.0 771.4 5.2500 0. 2005 021246065852 - 40165 0,52
1296 14,0 T7l.4 5.2500 0.2079;0;1244ﬁ0.9837fﬁ4.165f,0.52‘?%
1367 20.9 TTl.% 5.2500 0.1593 0.1255 0.9934 4.934 (.83 .
1268 20.9 T7le4 502500 0.1657 0.1254 0.9921 4.934 o.g3 14
GAS RATE = 165.0 CC/MIN LIQUID RATE = 4540 CC/MIN o
1299 5.0 77l.4 5.2500 0.3872;0;0803y0.9406;_2.810;50;12i*i
1300 5.0 771l.4 5.2500 o.3qet§o,gsngo<9389"2.810310.12*%2
1201 7.8 771.4 5.250C0 0.206210.0831:0497625-3707:0423~
1302 7.8 771l.4 5.25CC o.zlaeﬁpgcezaib;974,_w3.797tje"‘,t;
1303 11.0 771.4 5.2500 0.163470.0838°0.9846 “4.133 70,367
1304 11.0 771l.% 5.250C 0.1699 0.0837 0.9833 4.133 C.36
1305 140 77l+4 52500 0.1217 0.0845 0.9928 4,850 0.48
1306 . 14.0 7714 5.2500 0.1283 0.0844 0,9915 4.850 0.48
1307 17.5 T77le% 542500 0.1054 0.0847 0.9960 5.393 0.63
1308 17.5 771.4 5.2500 0.1113 0.0846 0,9948 5.393 0.63
1309 20.8 7714 5.2500 0.0989 0.0848 0.9973 5.736 0.76
1310 20.8 771.4 5.2500 0.1044 0.0847 0.9962 5.736 0,76
1311 25.0 771.4 5.2500 0.0916 0.0849 0.9987 6.263 0.93
1212 25.0 77le4 5.2500 0.0968 0.0848 0.9977 6.363 0.93
GAS RATE = 165.0 CC/MIN LIQUID RATE = 60.0 CC/MIN
1313 5.0 7714 5.2500 0.3789 0.0604 0.9386 2.777 0.11
1314 5.0 771.4 5.2500 0.3877 0.0603 0.9369 2.777 0.1}

. 1315 7.8 77le4 5.2500 0.2087 0.062% 0.5718. 3.543 0.21

pak3l6 T8 TTl.4 5.2500 0.2163 0.,0623.0.9703 3.543 0.21

AMIE17 11.0 771.4 5.2500 0.1298 0.0633 0.9872. 4.306 0.34

TIQL318 11.0 TT7l.4 5.2500 0.1369 0.0632 0.9858 4.306 0.34
1319 14.0 77)e4 5.2500 0.1021 0.0636 0.9926 4.833 0.45
1320 140 7714 5.2500 0,1CT9 0. 0636 0,.9915. 4 833 (0,65
1321  20.9 7714 5.2500 0.0786 0.0639 0.9972 S5.733 0.71
1322 20.9 T77la4 5.2500 0.0831 0.0639 0.9963 5.723 0,71
1323 25.0 T7le4 5.2500 0.0729 0.0640 0.9983 6.171 0.87
1324 25.0 77laé 52500 0.0771. 00639 0.9975 62171 0.87
GAS RATE = 245.0 CC/MIN LIQUID RATE = 30.0 CC/MIN
1325 5.0 77le4 5.2500 0.5152 0.1790 0.9337 2.697 0.08
1326 5.0 7714 542500 0.5261 0.1787 0.9315 2.697 0.08
1327 7.8 77l.4 5.2500 0.3955 0.1833 0.9581 3.152 0.7
1328 7.8 T7le4 5.2500 0.4045 0.1830 0.9563 3.152 0.17

, . , 8 0684 3,424 0,28
1330  11.0 77l.4 5.2500 0.3547 0.1848 0.9665 3.424 0.28
1231 14.0 T7le4 5.2500 0.302%4 0.1866 0.977). 3.741 0.38
1332 14.0 T7le4 5.2500 0.3109 0.1863 0,9754 3,741 0.38
1323 17.8 T71l.% 5.2500 0.2711 0.1877 0.9835 4.060 0.50
1334 17.8 T71l.4 5.2500 0.2789 0.1875 0.9819 4.060 0.50
1335 20.9 77l.%4 5,2500 0.2505 0.1885 0.9878 40344 0.60Q
1336 20.9 771l.%4 5.2500 0.2579 0.1882 0.9862 4.344 0.60
GAS RATE = 245.0 CC/MIN thQLDwEﬁTE~?w&2:°f;CC£MIN e
1337 7.8 77)e.4 5.2500 0.3€8270.1241 0.9642. 3,306 Q.16 -
1338 7.8 T7l.4 5.2500 0.316870.1245 0.9625" 3306 Q.16 .
1339 '11.0 771.4 5.2500 0.258710.1258..037% 3.624. 0.26 -
1340 11.0 711;£_2;;299_2=Z§63gQr1257”°:?1%6~a§:§?4“»0§263;s
1341 14.0 TT1l.4 542500 0020751 051271-0.9843 4.108 0:36.
1342 14.0 77l.4 5.2500 0.215qgg}ggaqgggggggaggglggz~ 36

G




1343 " 20.9 T771.4 52500 0.1922}0;1274;0,9314f

‘ 4,316 057
1344 20.9 T71.4.5.2500 0.1995'0.1273 0,9859 . 4,316 057 (1
1245 25.0 77le4 5.2500 0.1716:001279 0.9915 - 4.690 . 0.69
1346 250 T71.4 5.2500 0.;]85%9.1278f0.9901t14.690? 0.69 .}
GAS RATE = 245.0 CC/MIN LIQUID: RATE = 600 CC/MIN . %
1347 T8 77l.4 5.2500 o.zae3f0.0943A0.9706553.5037éo.15;%é
1348 7.8 771.4 5.,2500 0.2537 0.094670.9692-34503 ~0.15"
1349 Jl.0 771.4 5.2500 o.zoosﬁ0.0956;0.9797;;3.860‘fo.zsdjf
1350 11.0 77l.4 5.2500 0.2C79 0.0954 0.9782 ~3.860 C.25 w4
1351 14.0 771l.4 5.2500 0.1774 0.0960 0.9842 4,107 0.34
1352 14.0 771.4 5.2500 0.1843 0.0959 0.9828 4.107 0.34
1353 2049 T7le4 52500 0.1511 0.0965 0.9894 4.493 0.54
1354 20,9 T71l.%4 5.2500 0.1572 0.096%4 0.9882 4.493 0.54
GAS RATE = 3260 CC/MIN LIQUID RATE = 30.0 CC/MIN
1355 5.0 771e4 5.2500 0.8321 0.2183 0.8780 2.102 0.06.
1356 5.0 771e% 52500 0.8345 0.2182 0.8775 2.102 0.06
1357 T B T71e4 52500 0.5548 0.2312 0.9355 2.730 .13
1358 7.8 TTL.4 5.2500 0.5618 0.2309 0.9341 2.730 (.13
1359 10.0 77l.4 5.2500 0.4723 0.2351 0.9527 3.029 0.19
1360 10.0 77l.4 5.2500 0.4827 0.2346 0.9505 2.029 - 0.19
136) 14.0 T7l.4 5.2500 0.3872 0.2390 0.9704 3.490 0.29
1362 14.0 77l.4 5.2500 0.3961 0.2386 0.9686 3.490 0.29

k363 17.0 771 .4 5.2500 0.3371 0.2413 0.9809 3,909 0,37

TAN{364 17.0 77L& 5.2500 0.3463 0.2409 0.9790 2.909 0.37

\IC1365 2069 TTle4 52500 0.2999 0.2430 0.9886 4.405 0.47

. 1366 20.9 T7le4 5.2500 0.3084 0.2426 0,9869 4.405 0.47
GAS RATE = 326,0 CC/MIN { JOUID RATE = 45,0 CC/MIN
1367 5.0 771.4 5.2500 0.6505 0.1518 0.9022 2.317 0.06
1368 5.0 7714 52500 0.6579 0.1515 0.9007 2.317 0.06
1369 7.8 7714 5.2500 0.4806 0.1571 0.9365 2.740 0.12
137Q 7.8 711.4 §.2500 0.4911 0.1567 0.9344 2a 140 Q.12
1371 10.0 771.4 5.2500 0.3789 0.1602 0.9570 3.127 ~0.18
1372 3.0.0 T7l.4 5.2500 0.3877 0.1600 0.9553 3.127 0.18
1373 14,0 T771.4 5.2500 0.2917 0.162S Q.9747 3. 644 0.28
1374 14.0 T71.4 5.2500 0.30C0 0.1627 0.9730 3.644 0.28
1375 2.9 77l.4 £.2500 0. 2381 0.1646 0.9855 4.189 0 .45
1376 20,9 7711§75.2500 0.2452 N.1644 0.9841 44189 Oe 48
1377 250 771e4 52500 0.2128 0.1654 0.9907 4,597 0455
1378 25.0 77l.4 5.25C0 0.2205 0.1651 0.9891 4.597 055
GAS RATFE = 326.0 CC/MIN L JQUID RATE = 60.0 CC/MIN
1379 5.5 77).4 5.2500 0.8062 0.157) 0.9365 2.740 0.12
1380 5.5 77le4 5.2500 0.8088 0.1567 0.9344 2.740 0.12
1381 7.8 7716 5.2500 0.,4095 0.1197 0,9435 2.858 0,12
1382 7.8 T7le.4 5.2500 0.41E8 0.1195 0.9417 2.858 0.2
1383 10.0 771.4 5.2500 0.azeswgga;;gﬁpq959§;¢3gl87;:0-17;y;
1384 10.0 771.4 5.2500 0.3379:10.1214 0.9578.. 0.17 7|
1385 14.0 771.4 5.2500 0. 2463:0.1235 0,9760 3470 0.27 .
1386 14.0 TTl.4 5.2500 0.2537:01233..0.9746: 702. 0.27 ¢
1387 20.2 77l.4 5.2500 0.19633Q.12g7«0.9860mf§'220 043,

1388 20.9 771l.4 52500 0.2C3?§Q§T2§§ﬁ9&9846 4122Qﬁm0é433{j

ABSORBER DIAMETER = 0.594 CM

SATURATOR TEMPERATURE =~ 2¢°c :
SYSTEM: N—-HE XANE-NITROGEN-HEAVY PARAFFIN OIL

= ( CC/MIN
GAS RATE = 165.0 . CC/MIN L1IQUID RATE 30.0
1389 5.0 7 71 .4 5.25 00 O. T4l WL&%’GO‘*B?:.Is"r“g’O 9 7"”'.:,.9',.1.,.121_.“:3

oSS



. 1300 5.0 7Tle4 5.2500 0.7444;0.1118 0.8769.72.097 011
139), 7.8 77le4 5.2500 0.6172:0.1148 0.9022 " 2.317 0.23 i}
1362 7.8 7714 5.2500 0.6245:01147 .0.9007 . 2317 0.23 L
1303 11.0 771.4 5.2500 6;2756?0-L158‘0.9104'?2.405‘70.31;Ws
1394 11.0 7714 5.2500 0.5827,0.1156-0.9090 2.405 _0.37. i
1395 14.0 77le4 5.2500 0.5341;0.1168:0.9187- 2.501, N.50 i
1396 14,0 771.4 5.2500 o.5409vo.11eeto;9173”12;5o1740.50513
1397 20.8 7714 5.2500 0.4781:0.1181 D.9298 2.642 0,79 1
1368 20.8 77).4 5.2500 0.4885 0.1179 0.9278  2.642 079,
1399 25.0 7714 5.2500 0.4511@0.118750,9351312.720‘;o.97i%;
1400 25.0 7714 5.2500 0.4617:0.1285 0.9331 7 24720 -0.97. .
LA ORATE = 165.0 CC/MIN  LIQUID RATE = 4520 :CC/MIN &
1401 T8 771l.4 5.2500 o.sozgg9.075530;91791@2.487r¢0.21;55
1402 78 771.4 5.2500 0.5137.0.0783..0.9158,. 2.487. ... 0.2
1403 11.0 77l.4 5.2500 0. 469970, 0790 0.9244™"2.569,'0.34"""
1404 11.0 77le4 5.2500 0.4801 0.0789 0.922% 2.569 0.34
1205 14,0 T7l.% 5.2500 0.4450 0.0794 0.9293 2.636 0,46
1406 14.0 T71l.4 5.2500 0.4549 0.0793 0.9273 2.636 0.46
1407 20.8 T7)l.4 5.2500 0.4037 0.0801 0.9374 2.757 0.73
1408 20.8 77l.4 5.2500 0.4129 0.0799 0.9336 2.757 0.73
GAS RATE = 165.0 CC/MIN LIQUID RATE = 60.0 CC/MIN
1609 7.8 77le4 5.2500 0.4161 0.0600 0.9313 2.666 0.20
1410 7.8 771.4 5.2500 0.4255 0.0598 0.9295 2.666 0.20
1431 11.0 771e4 5.2500 0.3872 0.0603 0.9370 2.75) 0.32
1412 11.0 771e4 52500 0.3961 0.0602 0.9353 2,751 0.32
1413 14.0 771l.4 5.2500 0.366C 0,0605 0.9411 2.817 0.43
1414 1440 7Tle4 52500 0.3757 0.060% 0.9393 2.817 0.43
1415 17.5 71;4iLjui:HEL£béﬁéé_Q;QéQQ_QAEiia__alg87 0.55

AA24)6 17,5 TThe4 5.2500 O«3547 0.0607 09433 2.887 055
1417 20.8 7T1l.4 5.2500 0.3288 0.0610 0.9484 2.947 0.68

\TOY418 2048 77l.4 5.2500 03379 0.0609 0.9466 2.947 0468

GAS RATE = 245.0 CC/MIN

TR R T -t v s - e o

LIQUID RATE = 30.0 CC/MIN
0]

1419 1.8 771-4-%-2500.0-8698 021663 28616 1.976 0415
1220 7.8 7714 5.2500 0.8719 0.1663 0.8612 1.976 0.15
1421 14.0 T7)e4 5.2500 0.7276 0.17)4 0.8905 2.209 0435
l422 14.0 T7l.4 5.2500. 0.7307 0.1713 C.8899 2.209 0.35
1423 20.9 7714 52500 06621 021738 0,0038 2334 0,57
Y424 20.9 T7le4 5.2500 0.6695 0.1735 0.9023 2.334 0.57
GAS RATE = 245.0 CC/MIN LIQUID RATE = 45.0 CC/MIN
1425 iLQ;ILLL&,5-2500 0.9209 0.1100 0.,8422 1.846 0.06
1426 5.0 77l.4 5.2500 0.9225 0.1099 0.8419 1.846 006
1427 T8 T7le4 542500 0.7410 0.1143 0.8780 2.101 0.15
1428 7.8 T71.4 5.2500 Q0.7440 0.1142 0.8774% 210} (el5
1429  14.0 771.4 5.2500 0.5756 0.1183 0.9109 2.410 0.33
1430 14.0 77l.4 5.2500 0.5827 0.1181 0.9095 2+41C 033

. . . 5399 0,1191 0.9180 2+493 %_-il;
1432  20.9 771.4 5.2500 0.5468 0.1190 0.9166 2.493 0.5
1433 25.0 T7l.4 5.2500 0.5112 0.1198 0.9237 2.559 0.66
Ya32sa 25.0 77Ll.s 5,.2500 0.5221 0.1196 0,9215 2,559 066
GAS RATE = 245.0 CC/MIN { TQUID RATE = 60.0 CC/MIN
1435 5,0 7T7l.4 5.2500 0-6811ﬁ9§q599ﬁp,aaﬁamﬁz,pseﬁ,o,oeﬁﬁz
1426 5.0 771.4 5.2500 0.6850;0.0869 0.8842., 2158 0.06
1437 T.8 T7le4 542500 0.567330.0890 0.9073 24371 0.14 1
1438 7.8 771.4 5.2500 0.5744‘o.0832ﬁ9a9059;;2.311$%0,14 Lo
1439 11.0 77le4 5.2500 0.47981 00905 ﬂx,,,tq@:§71w;ofzatvw
1440 11.0 77l.4 5.2500 0.4902 ] 0509042059225 2:57T1. 0623 3}



230 -~

1461 1440 T7le4 5.2500 0,4327:0.091470.9339:- 2,702 0.32 o
1442 " 1l4.0 771le4 5.2500 0.4423;o.0912iu.9319:;z.702‘uo.32 i
1243 19.0 T7)e4 5.2500 0.3652,0.0926 0.9472, 2.923 Qe&b
1444 190 T7le4 5.2500 0.3748ﬁ0.09255b;9452fﬁ2;923-“0.4633%
1445 20,9 771l.4 5.2500 0.37480.0025 0.9453 : 2,890 Ca51 :
1466 20<9 TTles 5.2500 0.3835;0:0923 0.9435:.2.890 0e5L. 1
1447 25.0 771.4 5.2500 0.3495" 00929 0.9503 [ 2.982  0.63 :
14468 25.0 77l.4 5.2500 0.3589:0.0927 0.948% - 24982 0.63-
GAS RATE = 326.0 CC/MIN L1QUID RATE = .30.0 CC/MIN ___
1449 5.0 77l.4 5.2500 1.513870:1862 0.73787"1.342 " 004 7
1450 5.0 7714 5.2500 1.5045 0.1867 0.7337 1342  0.04
1451 T8 T71.% 5.2500 1.1844 0.2018 0.8054 1.638 0.11
1452 7.8 77le4 5.2500 1.1823 0.2019 0.8058 1.638 0.1l
1453 140 77le4 5.2500 0,8489 0.2175 0.8746 2.074 0.27
1454 140 771e4 5.2500 0.8511 0.2174 0.8741 2.074 0.27
1455 20.9 T7l.4 5.2500 0,7351 0.2229 0.8981 2.281 bt
1456 20.9 77le% 5.2500 0.7382 0.2227 0.8973 2.281 0.44%4
GAS RATE = 326.0 CC/MIN LIQUID RATE = 45.0 CC/MIN
1457 5.0 77le4 5.2500 1.2256 0.1337 n.7866 1.546 0.04
1658 5.0 77)ek 5.2500 1.2227 0.1338 0,7872 1.546 0.04
1455 7.8 T7le4 5.2500 0.9745 0.l416 0.8370 1.813 (.l1
1460 7.8 TTle4 5.2500 045755 0.1416 0.8368 1.813 0.1}
1461 14,0 77)e4 502500 0.7025 0150 .8917 2.220 0.26

1462 14,0 T71.4 5. 2500 0.7058 0.1500 0.8910 2.220 0.26
1463 20.9 TTl.4 5.2500 0.6380 0.1522 0.9047 2.343 0.42

TOY46% 20.9 T7le4 5.2500 0.6453 0.1519 0.9032 2.343 0.42
GAS RATE = 326.0 CC/MIN LIQUID RATE = 60.0 CC/MIN
1465 .0 171 .4 _5.2500 0.9997 0.1058 Q.8262 1.750  0.06
1466 5.0 T7)le4 5.2500 1.0003 0.1058 0.8261 1.750 0.04
1467 7.8 TTle4 5.2500 0.8279 0.1099 0.8603 1.967 0410
1468 T.8 TTl.4 5.2500 0.8304 0.1098 0.8598 1.967 0.10
1469 1040 771a& 5.2500 0.6950 0.1130 0.8867 2.175 0.15
1470  10.0 77l.4 5.2500 0.6983 0.1129 0.8860 2.175 0.15
1471 16.0 T7)le4 5.2500 0.5673 0.1160 0.9121 2.424 0.25
1472 14.0 77le4 5.2500 0.5744 0.1158 Q.9107 2.424 Q.25
1473 20.9 771l.% 5.2500 0.5153 0.1172 0.9224 2.543 0.41

. 1474 20.9 771.4 5.2500 0.5263 0.1170 0.9203 2.543 0.4l
ABSORBER DIAMETER = 1.000 CM
SATURATOR TEMPERATURE == 2°C
SYSTEM: N—HEXANE-NITROGEN-L IGHT PARAFFIN oIL
GAS RATE = 165.0 CC/MIN LIQUID RATE = 30.0 CC/MIN
1475 5.0 7714 5.2500 0.275310.1228n0-9703,,3.49e,wo.zs,ﬁf
1476 5.0 7714 5.2500‘Q;gﬁBZéo;1227”0-9687ﬁm3.490 0.28 .
1477 o6 771.4 5.2500 0.2128:0.1243 0.9827 “4.016 0.51 -
1478 7.6 77l.4 5.2500 0.220670.1241..0.9812.7 4.016. 0.51 .
1479 110 77Le4 5.2500 0.1569}p,L256#0,9339¢15-006*-OoSZﬁ;
1480 11.0 77l.4 5.2500 51631, 01254029926 5.006. 0.82 -
GAS RATE = 165.0 CC/MIN C1QUID-RATE-=-45¢0 CCIMIN ..
1481 5.0 7714 502500 0.204q§;§qagzﬁ0.alaﬁ 3.720.-.-0e25: "
1482 5.0 77l.4 5.2500 0.2121; 00830 .
1483 7.6 771.4 5.2500 0.160%; 02 083;

1484 7.6 T71 .4 glgggg;g;;psgyb*qag
1485 11.0 771l.4 5.2500 0. 1217; 00B%;
1486  11.0 7714 5.2500 0.1283105084% 0
1487 15.5 T71l.4 5.2500 0. 0948 D40849:0



- 23T -

1488 1545 T7le4 5.250C 0.100270.0848.0.9970 ..
1489 218 77le4 5.2500 0.0851°0.,08501.0000"
1490 21.8 77le4 5.2500 0.,0899 0.0849 0.9990 9.19) 1.66
GAS RATE = 1650 CC/MIN LIQUID RATE = 60.0 CC/MIN
1491 5.8 T7Lle4 52500 0.,1881 0.0626 0.9758 2.694 0.29
1492 5.8 T7le4 5.2500 0.1952 0.0625 0.9744 3.694 0.29
1493 7.6 TTle4 5.2500 0.1552 0.0630 0.9822 3.997 0.44
1494 7.6 771le4 52500 0.1615 0.0629 0.9810 3.997 0.44
1495 11.0 771.4 5.,2500 0.,1176 0.0635 0,9896 4.505 N.T0
1496  11.0 771e% 52500 0.1241 0.0634 0.9883 4.505 0.70
1497 155 77l.4 5.2500 0.0891 0.0638 0.9951 54229 1.05
1498 15.5 77l.4 5.2500 0.0942 0.0637 0.9941 5.229 105
1499 18.5 T71l.%4 5.2500 0.0759 0.0639 0.9977 5.915 1l.28

1500 18.5 7T7l.4 5.2500 0.0803 0.0639 0.9968 S.915 1.28

1501 21.8 771.4 5.2500 0.0688 0.0640 09991 6.678 1.53
‘Axl502 21.8 T7).4 5.2500 0.0728 0.0640 0.9983 6.678 153

GAS RATE = 245.0 CC/MIN LIQUID RATE = 30.0 CC/MIN
TQYS503 5.0 77le4 5.2500 0.3913 0.1835 0.9590 3.172 0.19
1504 5.0 77le4 52500 044003 0.1831 0.957)1 3.172 0.19
1505 5,7 771la.4 5.2500 0.3453 0.1851 0.9684 32,4264 (.24
1506 57 771le4 542500 043547 0.1848 0.9665 3.424 0. 24
1507 7.6 T7le4 502500 0.2917 0.1870 0.9793 3,839 0.37
1508 7.6 TTleé 542500 0.3000 0.1867 0.9776 3.839 0.37
1509 12,0 771 a4 542500 042299 0.1892 0.9920 4,742 0.61
1510 12.0 7714 5.2500 C.2368 0.1.889 0.9905 4,742 0.67
1511 15.5 7714 5.2500 0.2128 0.1898 0.9955 5.24%4 0.9
1512 15,5 771l.4 5.2500 0.2205 0.1895 029939 S.244 Q.91
1513 20.0 771.4 5.2500 0.2C37 0.1901 0.9973 5.691 1.2}
1514 20.0 771.4 5.250C 002113 0.1899 0.9958 5.69) 1l.21

6002677 1413 00
9,191 “1.66 7

GAS RATJE = 24i;Q__QQLMlN_____LIQUID_BAIEL:_&EJQ, CC/MIN
Ye15 5.7 771.4 5.2500 0.2752 0.1255 0.9708 3.508 0.22
1516 5.7 771.4 5.2500 0.2832 0.1253 0.9692  3.300 0.22
IS 3o 7714 5.2500 0.2422 0,1262 0.9774 3.757 0C-33
e 76 T71.4 5.2500 0.2495 0.1261 0.9759 3.757 0.35
1oy 12.5 771.4 5.2500 0.2046 0.1271 0.9849  4.145 0.66
e 3%l% 771.4 5.2500 0.2121 0.1270 0.9834 4.145 0.66
1551 15.5 T7le4 5.2500 0.1781 0.1278 0.990Z 4,558 086
1222 15.5 771le4 5.2500 0.1849:x0.+1276:0-9885 44558---0e86-

1523 18.0 77l.4 5.2500 0,16184 J15%6270.9934, 4,936 1.02 1.
1526  18.0 77l.4 5.2500 0.1682§0.1280 0.9921 4.936 1.02 1Y
1525 21.8 T7l.4 5.2500 0.151110.1284,0.9956775.297...2+25 .1
1526 _21.8 771.4 5.2500 9.157230w1283”0.9943415.297*~1.26§i;
1527 25.0 77L.4 5.2500 01693 0.1280-0.9919 4,744 147,

Yo

1528 25.0 77l.4 5.2500 0.175950;127810.9906g74.7444*1.47f;z

ES

GAS RATE = 245.0 CC/MIN tﬁqDIDwBAJEn?569a09<CQ(ﬁINL%
1529 g.o 771 .4 5.2500 o.320§§0§9934*0&9560“@3.t03;70~17
1530 5.0 77l.4 5.2500 0. 3294: 0.0933 0.9542 ;. 1@
1231 7.6 T77l.4 5.2500 0,2422¢0.0548, L
1532 7.6 T7l.4 5.2500 0.249%;0.0947 .
1533 15.5 771l.4 5.2500 0.1782, 960:: O, e
1534 15,5 T771.4 s.zsog g.izgé§bj°?§§ 0 a1 !

1 5 35 . T T1le. 4 5 L] 2 5 0 hd oo t;:‘: e ‘(’?I‘;%" GBI o PN W
1536 gi.g 771.4 5.2500 0.147970.0965 059900 4. 688 1.12

1537 25.5 7714 5.2500 0.1375 0.0967 0.9921 4.753 1.42
238 5.5 T71.4 5.2500 0.1449 0.0965 0.9906 4755 1.42
GAS RATE = 326.0 CC/MIN LIQUID RATE = 30.0° CC/MIN
1539 5.0

7714 5.2500 0.9133 0.2145 0.8612 1.974 0.l4



- 232 =

1540 S.0 7714 5.25C0 0.9150 0.2145 0.8609 1.974 0.l4
1561 7.6 TTlo.4 5.2500 0.4798 0.2347 C.9511 2997 0.29
1542 7¢6 TT7le4 5.2500 0.4902 0.2342 0.9490 2.997 0.29
1543 11.0 T7le4 5.2500 0. 3619 0.2402 0.9757 3.678 0.47
1544 110 T7le4 502500 0.3715 02397 0.9737 3.678 0.47
1545 155 77le4 5.2500 0.2711 0.2443 00,9947 5,099 0.72
1546 155 TTle4 5.2500 0.2789 Do 2440 Ce9930 5.099 0.72
GAS RATE = 326.0 CC/MIN LIQUID RATE = 45.0 CC/MIN
1547 5.0 77le4 5.2500 0.6463 0.1519 0.9030  2.326 (.12
A\lQAS 5.0 77le%4 542500 0.6537 0.1517 0.9015 2.326 0.13
‘1549 7.6 T7le4 5.2500 04136 0.1592 0.9500 2.977 0.27
noeyss0 7.6 T7le4 5.25C0 0.4230 0.1589 0.9481 2.977 0.27
1551 15.5 77l.4 5.2500 02422 001645 09847 4135 0.69
1852 15.5 771.4& 5.2500 0.2495 Q0.1642 0.9832 4,135 0.69
1553 21.8 771.4 5.2500 0.1972 0.1659 0.9938 4.982 le01
1554 21.8 77).4 5.2500 0.2045 0.1656 0.9924 4.982 1.01
GAS RATE = 326.0 CC/MIN LIQUID RATE = 60.0 CC/MIN
15585 5.0 271.4 5.2500 0.5540 0.1163 Q.9147 2,654 0,13
1556 5.0 T7le4 5.2500 0.5610 0.1162 0.9133 2.454 0.13
1557 7.6 77Lle4 5.2500 0.3748 0.1205 0.9504 2.987 0.26
1558 7.6 1714 542500 Q.3835 0.1203 0.9487 2,987 0.26
1559 1545 T77le4 5.2500 0.2087 0.1244 0.9836 4,063 0.66
1560 15.5 7714 5.2500 0.2163 0.1242 0.9820 4,063 Q.66
1561 21wg_g.ulﬁ_ihlm-ﬂ93———94m—&dl—_
1562 21.8 T7le4 5.2500 0.1784 0.1251 0.9896 4.636 0.97
ABSORBER DIAMETEE = 1,000 CM
SATURATOR TEMPERATURE = =20°C

EAVY. PAR

SYSTEM: N-HEXANE-NITROGEN-H AFEIN OTL (L
GAS RATE = 165.0 CC/MIN TIQUID RATE = 30.0 CC/MIN
1563 7.6 771le4 5.25C0 0'6639&9§%¥§3ﬁ9589§Lﬁ:27229ﬁﬁ°f48ﬁra
Tocs 7.6 77).4 5.2500 0,6704,0.1138 0.8916. 24229 70.48 ..
1565 11.0 T77l.4 52500 0.5548;0.11.63 0.9146 24452 0.77
1566 11.0 771.4 5.2500 0. 561810.1161,.0.9132:172.452., 077
567 155 T7le . .48645pal;?QNO:QQQZWR?ﬂQLQ*%1§16i
1568 15.5 77l.4 5.2500 0.4969] 0:1¥77,0.9201 20619 1416
1569 21.8 77le4 502500 0. 36603 0e ¥2075:009522::020022 ‘1T
1570 " 21.8 77L.4 5.2500 0.37571 0.1205.,0.9502, 2128 71
1571 27.5 T7L.4 5.2500 0.3041% 0512227029645 1+ 30 16724201
1572 27.5 T7l.4 5.2500 o.312¢ag,;2gqugqqzsr§_i316,gz.203¢;
GAS RATE = 165,0 CC/MIN LIQUID RATE = 45.0 CC/MIN -~
1574 5.0 771l.4 5.2500 0.7781§Og97ﬁ259959405Q13997;;0o22  Z
1575 7.6 771e4 502500 0.6272395“795;p58936¢§2.234¢¢0.24, :
1576 7.6 771.4 5.2500 n.6345@Q,czngpas9zlﬁgziz343¥c,+§Yﬁﬁ
1577 110 7714 542500 0.534170.0780°0.911 872,421 3.7
1%78 11.0 77l.4 5.2500 0.5409 0.0779_0.9105 2.422 1.0$
1579 15.5 77l<4 52500 004450 0.0794 0.9293 2.636 1.07
1580 15.5 TTle4 5.2500 004549 0.0793 '0.9273 z.gzo 1.07
1581 21.8 771.4 5.2500 0.3495 0.0809 0.9480 '2'946 1257
Te6s 21.8 T71l.4 5.2500 0.3589 0.080G8 0.9462 2.956 .57
1583 - 25,0 T7l.4 5.25%% %.ggsg %.gggg %'3223 2.950 1.83
.0 77l.4 5.25 . . . 94 . .
S aapeuoC e RS EITS B
* 025 [ ] L] * L J o ‘

iggi i:ﬁ 331.2 g.zsoq,o.pazalq,osv4 0.8892 2206 0e4l .

‘



- 233 -

1587 1140 77le4 5.2500 0.5104 0.0588 0.9130 2.430 0.66
1588 11.0 77l.4 5.2500 0.5213 0.0587 0.9109 2.430 0.66.
1589 15.5 771.4 5.2500 0.4327 0.0598 0,9282 2.620 0.99
1590 15.5 77). .4 5.2500 0.4423 0.0596 0.9263 2.620 - 0.99
1591 21e8 77le4 5.2500 0.3164 0.061L 0.9508 2,995 1.46
TCLBQ2 2)e8 TTle4 5.2500 043252 0.0610 0.9491 2.995 1 .46
1593 25.0 77)e4 5.2500 0.3280 0.0610 0.9485 2.95C 1. .69
1564 25.0 771.4 $.2500 0.3370 0.0609 0.9468 2.95C 1.69
GAS RATE = 245.0 CC/MIN LIQUID RATE = 30.0 CC/MIN
1595 5.0 77le% 5.2500 1.6143 0.1393 0.7114 1.247 0.17
1596 0 771.4 5.2500 1.6023 0.1397 0.7138 1.247 0.17
1597 6 7Tl o4 5.2500 1.0920 0,1583 0.8166 1,697 0,34
1598 6 T71.4 5.2500 1.0914 0.1583 0.8168 1.697 0.34
1509 12.5 77l.4 5.2500 0.7485 0.1707 0.8862 2.17) 0.66
1600 12.5 77l.4 5.2500 0,.7515 0.1706 0.8856 2,171 0466
1601 15.5 T7le4 £.25C0 0.5839 0.1766 0.9197 2.513 0.85
1602 15.5 771.4 5.25C0 0.5911 0.1763 0.9183 2.513 0.85
1603 2148 77la4b $5.2500 0.4409 01817 0,9489 2,954 1,27
1604 21e8 77le4 5.2500 0.4507 0.1813 0.9468 2.954 127
GAS RATE = 245.0 CC/MIN LIQUID RATE = 45.0 CC/MIN
1605 7l 4 2500 1,.3721 0.0990 0.7529 1.400 0.15
1606 5.0 T71e4 502500 1.3663 00992 0.7540 1.400 0.15
1607 7.6 7714 5.2500 0.9913 0.1083 0.8283 1,761 0.32
1608 7,6 771&15_0_0_%2221_0_-_1_0.8_2—04&281 1.76) C .32
1609 12.0 T7le% 5.2500 0.6950 0.1154 0.8871 2.179 0.59
1610 12.0 771l.4 5.2500 0.698 3v0¢1153~0~8865 2179 059 -
1611 21.8 771l.4 5.2500 o.3872ﬁb;I228”0.94841j2.948 1,19
1612 21.8 7Tl.4 5.2500 0.3961:0.1226 0.9466 2.948 .19
GAS RATE = 245.0 CC/MIN LIQUID RATE = 60.0 . CC/MIN b
3613 5,0 77l.4 5,2500 352130.0797”0.7531ﬁn1'491*»03154
1614 5.0 77)le4. 5.2500 1.3473i0.0748.0.7541 1..401...0.15 i
1615 7.6 7TL.4 5.2500 0.974530;081650;8272¢ﬁ1.755;~o.3o;;;
1616 ° Teb T71les 5.2500 0.9755@0;0816@@.8270,,1.755m,0,30{a}
1617 155 77).4 5.2500 0.5357;O@OBQ§5059135§;2;440jjO,?bv;g
1618 155 T77le4 5.2500 0.54263:;Qﬂgﬁ-p;9¥221§2;440;10-76u55
1619 - 21.8 771.4 5.2500 0.337;?0;03”;<0:9521 ia.aazggjglag:;
1620 21.8 T771.4 5.2500 0.3463; 0,093 o 3,032;;1.13u¢
GAS RATE = 326.0 CC/MIN LiQulD. 0. CC/MIN . i
1621 5.0 7714 5.2500 1. 8: 01803 3.e 250702
1622 5.0 77le4 5.2500 1.6262:0.1809.8. 914250011 .
1623 7.6 77l.4 5.2500 1.2012“o:znx0“0;8019““1;620 De26 "
1624 7.6 T77) % 5 .2500 1.1988 0.2011 0.8024 J.620 Qe 26
1625 15.5 T7l.4 5.2500 0.7000 nN.2245 0.0054 2.354 0.67
1626 15.5 77le4 5.2500 0.7033 0.2243 0.9047 2.354 0.67
1627 21.8 77l.4 5.2500 0.5153 0.2331 0.9437 2.858 1.00
1628 2.8 771.4 5.2500 0.5263 0.2326 0.9415 2.858 1.00

GAS RATE = 326.0 CC/MIN LIQUID RATE = 45.0 CC/MIN

— 1629 e6 77) o4 5.2500 1.1760 0.1353 0.7965 1.593 0.24
16%0 ;.2 7714 502500 1.1740 0.1353 0.7969 1.593 (.24
1631 155 77L.4 52500 0.6900 0.1505 0.8942 2.243 0.64
1632 15.5 7714 5.2500 0.6933 0.1504 0.8935 2.243 0.64
1633 218 77le4 52500 0. 4947 0.1566 0.9336 2697 0.96
1634 21.8 T771l.4 5.2500 0.5053 0.1563 0.9315 2.697 0.96
_GAS RATE = 326.0 CC/MIN LIQUID RATE = 60,0 CC/MIN
3,635 5.0 7714 5.2500 1. 5028 0.0938 0.7267 1.301 O.il
A\1§36 5.0 771.4 52500 14939 0.0940 0.7285 1l.301 O. 1
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771.4 5.2500 1.1592 0.1020 0.7946
771.4 5.2500 1.1575 0.1021 0.7950

771.4 5.2500 0.6550 0.1130 0.8867
771 &4 5.2500 0.4740 0.1182 0.9307

 SIQN637 7.6
1638 Teb
1639 15,5 T1
1640 155
1641 21.8
1642 21.8

771l.4 5.2500 0.4843 0.1180 0.9286 

1.584 0,23
1.584 0.23

18 Q.61
2.181 0.61
2.654 0.92
2654

0.92
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APPENDIX 2

SAMPLE CALCULATION AND CALCULATED RESULTS
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2-A. Sample Calculation

A-1. Introduction

In determining the general flow characteristics of the

unstable two phase slug flows, the following gquantities were

evaluated, the hold up ratio, the slug rise velocity, the slug

separation distance, the slug shape and size. These quantities

are defined and calculated in +he following manners.

l-a. Hold Up Ratio

Gas phase void fraction o = (2-1) .
A _H
P
(BgHALM) #A¥V G{l=o)
Hold up ratio Y = = (2-2)
“or./G cope

where AV is the volume occupied by the gas phase in the
absorber of length H and cross—-sectional area Ap. G and Qg

are the initial gas and ligquid flow rates in cc/min.

1-b. Mean Slug Freguencies F in rise zone

nf
F= (2 F4)/ng (slugs/sec) (2-3)
J

where F4y is the point slug frequencies and ngis the number

of locations at which Fj was measured.

l-c. Slug Surface Area and Volume

For any slug it can pbe divided into sections as shown

below :
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]
He.

Hence, from the mumerical calculation, slug surface area

J :
Ag = E w(ri+ri+l){Aziz+(ri—ri+l)2}% + g.(er)2 (2-4)

and slug volume

J 2 ,
Vg = I (AR3/3.0) (r3" + Ti¥ig ¥ r2,.1) (2-5)
i
_ & _
Then mean slug surface area Ag = I (As)j/wn
- J
— n wa—
mean slug volume Vg = 1 (Vs)j/ n (2-6)
J

where & is the number of slug measured. Ag and Vg could be
also evaluated from the independently measured mean slug fre-

qgquencies as

G
V, = — (2-7)
F
where G4 is gas flow rate in cc/sec.
_ _ 1.0
Since Lg = Vg X (2-8)
(Vg/Lg)

— Ag
Ag = Lg x (=)
LS



- 238 -

where Lg is the mean slug length while (A /Lg) and (Vg/Lsg)

are the slug surface area and volume to slug length ratios

respectively which can be evaluated from equations (2-4) and

(2-5).

A-2. Sample Calculation of Mass Transfe

r Run NO.563,Table 1-10

Observed Readings

Absorber length = 10.0 cm

Absorber diameter =0.793 cm
Potentiometer reading = 7.13 MV
Experimental temperature = 24.5°C
Saturator temperature = -2°C
Flowmeter reading = 21

Manometer pressure = 764.2 mm of Hg
Atmospheric pressure = 759.8 mm of Hg

Slug Size

Mean slug frequency = 9.50 slugs/sec (figure 17)
Mean slug length = 2.21 cm (equation 2-8)
Mean slug surface area = 4.35 cm? (Tgble 1-1)

Mean slug surface volume- = 0.567 cm” (Table l-lll

Mean slug surface area to volume ratio = 7.43 cm
(egquation v-42)

Point slug frequency (top of absorber) = 9.0 slugs/sec

(Table 2-4)
Point slug length = 2.40 cm (Tabls 2-4)

Point slug surface area = 4.61 cm® (Table 1-1)
Point slug surface volume = 0.61 cm3 (Table 1-1) 1
Point slug surface area to volume ratio:= 7.43 cm

(equation V-42%)

Time of Rise

Slug rise velocity = 25.88 cm/sec (equation v-450)
Actual height of rise = 10.0 - 1.37 - 1.50 = 7.13 cm
Time of rise = 7.13/25.88 = 0.269 sec

Total Efficiency

Concentration of n—hexane in exit gas = 0.01069 m.£.
Concentration of n-hexane in inlet gas mixture saturated
at -2°c = 0.053 m.f.

Cup mixing outlet liquid concentration X = 0.0105 méf. c
Equilibrium gas phase composition v&es= mi = g.oo%gi m.f.
Total efficiency Eop = (Yon‘Yfo)/( QnTYfo)— 0.
ando-1h(15Egpda=y 13778 o W07 Fad = oo

-
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Mass Transfer Coefficients

KogRg = (slope x Gp)/(P x F)

Koghe = Gn/ (P x F) {-1n(1-Egp) + 1n(1-Eg) }

KAnra = slope X L X 1

0G (As/Vs) 22414
= = [-1n(l-E~.) + In(1-E.)} x == X 1
0G oT E Rs/Vs) 22414

Slope = 1.395
Gp = 0.000242 (g-mole/sec;
P =1 atm
F = 9.0 slugs /sec
F = 9.5 slugs/sec
Enp = 0.7436
(Bg/Vg) = 7.43 cm ™t
(As/vs) = 7.43 Cm—l
- _ -4 _
«+» Koghe 0.373x10 g-mole/sec atm

Koghe = 0.3915x10—4 g—mole/sec ath

Kopgd = 0.0838xl0—4 g—mole/cmzsec atm

Koga = 0.0929x1074 g—mole/cmzsec atm

Effective Mass Transfer Area

a = (Kpga)/ (KoG) theoretical
Theoretical Kog = 0.3801x10"4 g-mole/cmZsec atm

a = 0.237 cm2/cm2

1 *
A-3. Variation of Equilibrium Gas Phase Concentration ¥ e¢

With Absorber Length

Due to the high formation end effect mass transfer

equa-
encountered in this study, y;ff values calculated from eq



- 240 -

tion ygff = mx with x being the cup
in the outlet could be approximated constant.
Yéff with absorber length for y,, =

gas rate and lowest liquid rate are

Table 2-1

variation of vXee With Absorber Length

Yo = 0.073 m.f.
G = 326 cc/min
Qq, = 30 cc/min

System : n-Hexane-Nitrogen-Light Paraffin Oil

H X Y*off
cm m. f. mn.f.
5.7 0.0162 0.00322
7.5 0.0165 0.00329
10.0 0.0167 0.00332
14.0 0.0167 0.00332
17.4 0.0168 0.00334
25.0 0.0171 0.00339

2-B. Calculated Results

Table

2-2 Comparison of interfacial velocities
from equation (XI-6) and (I11I-7)

2-3 Liguid £ilm velocity profiles from
equation (II-6)

2-4 KogRe and Kpoghe values for H < 25 cm

2-5 Kgga and Kog2 values for H < 25 cm

mixing hexane composition
variation of
0.073 and at the highest

shown in Table 2-1.

Page
242

222

243

249
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Table Page
2-6 Kpgle and Kog? values for H > 25 cm 2%%4
2-7 Theoretical Kpg values 265

2—-8 Effective slug mass transfer area a 261
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Table”2-2,

-

—

COMPARISON OF INTERFACIAL VELDCITIES FRDM EQUATION(HFG)

ISDUIUREIIE M
—~-—

AND EQUATION(H’?)‘

NO., Dy G Qx, g

HEAVY PARAFFIN OIL

S

L
-3, AT L PR

: 5
1 0.793 245.0 300 20,58 gﬁ
> 0.793 245.0 30.0 20.58 392 Y 9
3 0.793 245.0 30.0 20.58 Qs «a»o‘g ;}ﬂ
4 0.793 245,0 30,0 20,58 Q 3 1
5  0.793 245.0 30.0 20.58 g b
6 0.793 245.0 30.0 20.58 a b

7 0.793 326,0 30,0 27.60 b

8  0.793 226.0 30.0 27.60 3

g 0.793 326.0 30.0 27.60

10 0.793 326.0 30.0 27.60

11 0.793 326.0 30.0 27. -60 .0¢800,0 :265:5—3" 6T T4 0T
12 0.793 326.0 30.0 27460, 106070529 -38.67““”41 -

Table 2*3

= Ltoum _FILM ven.ocnv naonuz S FROM EOUATION @Wwe

;_,A NO. U, S - 3.
: HEAVY PARAFFIN oIL : B
ABSORBER DIAMETER = 0.193'& A

G= 32640 _CC/MIN OL= 30,0 cch;f $;j_“_

.1 1240710 .063 05156
> 24,710 .063 L 21
3 24. 710 0.063: 1275
% | 24.710 G.063. 05336
5 | 24,710 0.063 04396
5T 34.710  0.156 04234 77
7 1 24.710 0.156 05275 =
g | 24.710 0.156 0.315
10 | 24.710 G.156 0.396
11 [24.710 0.218 0.257
17 +24.710 . 0.218 0.292
13 24.710 0.218 0327
14  24.710 0.218 0.362 . .
15  c4. 110 _ U218 Oe 356
16 }24‘710'““‘@.406 0,290
17 24.710 0.406 0.317
81 24.710 0.406 -0.343
19 | 244710 0.406 04370

20 ' 24.710 0.406 0.336
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27¢50C

10.0

2.158

13.00 1.55 Q.

0e934 15.0 1.36 -

T RN ‘ 00800 0295 14568 -4
OTTAWA | " . . 2.068
. 22 27.50C 0,800 0,321 13,631 -41,131
.RMAnng,_gé; 279500 0.800 0e 346 10795 =38,295
| , Ngam,g?.soo u‘o.eoo 06371 60152 =334652 . N
' Table 2-4 : '
- e.and KqgBhe Valués— & for H < 25 cm
NO H ‘sl ' ‘ ‘ - [ —
R ope F | L's. KOGZZe NTU g Te Koghe
Absorber Diameter = 0.793 cm _*?9,, 3 . - x104
SYSTEM=AN-HEXANE-NITROGEN&LIGHIWPARAFFTN-OIL-3?
APPROXIMATE YON = 0,023 M.E.
GAS RATE = 165.0 CC/MIN LIQUID RATE = 30.0 CC/MIN
1 5,7 1,548 38,00 0238 0.0491 0.408 52.0 0.21 C.0383
5 10.0 1.215 30.00 0.44 0.0488 0.868 33.0 0.4) 0.0589
3 15.0 0948 21.60 0.56 0.0529 1.178 23,2 0.53 0.0699
& 174 0.850 18,20 0.64 0.0563 1.314 20.4 0.59_Q.0748
5 20.0 04760 15.40 0.74 0.0594 1.490 18.2 0.64 0.0813
GAS RATE =  165,0 CC/MIN LIQUID RATE = _ 45.0 CC/MIN |
6 5.7 0.989 30.50 G.44 0.0391 0.229 31.0 0.43 0.0391
7 10.0 0.800 19.80 0.60 0.0486 0.481 22.4 0.55 040522
8 174 2.80 Q. 546 0sB805 15.4 0.74 0.0660
6 20.0 04525 11.60 0.93 0.0545 0.952 14.0 0.80 0.0734
10 25.0  0.438 10.30 '1.04;qﬂqﬁxzig,993,42.2 9,89¢0,093]?
GAS RATE = 165.0 CC/MIN LIQUID RATE =, 60 .0 CC/MIN :
11 15.0 00879 12.80 0.86§Q.082110.589*15.4»0.74%9.0617;
12 174 0,964 11,60 Ag;93§p,xqoo*o;6gz¢14;o”q,so:q;qsgsg
GAS RATE = 245.0 CC/MIN LIQU{DQRATE“é , 3o.o,cclnlnff~;“
13 " 5.7 1.537 24.00 '0.71;0:1182f0.269126.o.o.esfo.1147
14  10.0 1.210 16.80 0.95:061329 9;509;20.010.3250.1243
15 15.0 0.947 12.00 1.28' ;145§HQ;870;16;0:1§OOLO;1608J
16 17.4 0.850 10.80 1.4 ?14521kgq3};14.631.0830g1758;
17 75.0 0.625 9.20 1.63y .IZ53§I,163g12,1‘1,27?9f}591
GAS RATE = 245.0 CC/MIN‘LIQUhngAr&ﬁ=§1‘A$;o»t¢/Mthgf ‘
18 5.7 l.484 22.00 0.76%0;124430;190723,0_0.73fp.9913~
19 10.0 1.475 16.40 0.97“0¥r659*0}612“17.4“0;93”0.1818
20 15.0 1,464 12.20 1.26 0.2214 0.811 14.0 1.12 0.1816
S 17.4 1459 11.30 1.35 0.5383 1.063 13.3 1.17 0.2107
22 20.0 1454 10.60 144 0.2531 1.197 12.8 1.21 0.2102
' ' — MIN '
GAS RATE = 245.0 CC/MIN LIQUID RATE 60.0 CC/
53 5.7 2.082 25440 '0.68. 0.1513 0.294 28.0 0.63 0.1305
5% 15.0 J..889 16.20 0.98 0.2152 1.081 17.4 0.93 0.2055
56 317.4 1.844 14.60 1.08 0.3330 1.37) 16.3 0.98 0.2340
57  20.0 1.796 13.40 1.16 0.9473 1.510 15.0 1.05 0.2390
g A TN = 30.0 CC/MIN
GAS RATE = 326.0 CC/MIN LIQUID RATE
' o .20 0s450%4 02476 182 lol4 0.5039
gg 5.7 3.217 17.20 1 £39% T
NOYYA
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2.227

30 15.0 1473 10.40 1.90 0.3412 1264 12.0 1.66 0.5120
31 17¢4 14253 9.6C 2.05 Qe3143 1.446 11.2 1.77 0.5249
32 24.0 0855 8.40 2.32 042452 1.681 9.8 2.01 0.4R38

GAS RATE = 326.C CC/MIN LIQUID RATE = 45.0 CC/MIN
33 S.7 2.925 16.60 1.24 0.4243 0.398 18,5 1.13 0.4337
34 10.0 2171 1480 1.37 03533 0.803 15.3 1.33 0.4457
35 15,0 1.611 13.00 1.55 0,285 1.17% 13.0 1 .58 0.6580
36 174 12415 12.40 1461 0.2748 1+305 12.4 1.61 0.4476
37 5020 10243 11.80 1.69 042537 1.432 11.9 1.68 0.4364

GAS RATE = 326.0 CC/MIN LIQUID RATE = 600 CC/MIN
38  Se7 24823 18.00 1.15 0.3778 0.368 18.4 1.13 0.4207
39 10 .0 2,092 13,80 146 0.32650 0,743 144 1,41 N, 6581
40 15.0 1.55C 11.40 1.74 043274 1.080 11.9 1.68 0.4820
41 17.4 1.362 10.60 1.87 0.3094 1.203 11.0 1.80 0.4867
42 21 . 93 82 22 10,4 1.90 0,4815

APPRDXIMATF YON = 0,082 M E o

GAS RATE = 1650 CC/MIN LIQUID RATE = 30.0 CC/MIN . .
43 6.7 3,743 38,00 0.38 0.1186 1,127 52,0 0,31 0.1057
44 7.5 3.174 34.20 0.40 0.1118 1.490 44.0 0.34 0.1106
45 10.0 2.579 30.00 0.44 0.1035 2,002 33.0 0.4) 0.1359
46 12 .0 22215 2 &9 G0 049 021026 2380 29,0 N.45 014670
47 174 1545 18.20 0.64 0,1022 2.985 20.4 0.59 0.1700
48 20.0 1326 1540 0.74 0.1037 3,373 18.2 0.&4 0.184l
49 55,0 1,018 11.20 0.S6 0.1095 3,606 15,2 0,74 0,1844

. MIN LIQUID RATE = 45.0 CC/MIN

ths_\ - 16378 30050 4 0739 0.476 Q0 0,43 0,0813
51 10.0 1l.473 20.00 0.60 0.0887 0.900 22.4 0.55 0.0978
52 14.0 1.206 15.20 0. 74.0.0956.1.300 18.0 0.65 0.1170
53 17.4 1,033 12,80 0,86 0.0571 1.465 15¢4 Q.74 0.1200

GAS RATF = .G CC/MIN LIQULD RATE = - 60«0 CC/MIN. :
si AI4.0 13381‘;5,20 0.74;0,10155x.zaqg18.0.0.65.0.1253
55 174 L1095 1280 0.86 02030 12445 15.4 0474 0.1279

: = 5.0 CC/MIN L1QUID RATE.= -30.0 CC/MIN o

ng RAT§.7 2.512 5320 0.7310:4067 1.008 25.6:0.67 0.4372
57 10.0 3.5E1 16.80 0.95,0.3933 1.892 20,0 082 025620
58 14 0 2.700;gégg__;;;330;395432.541;16.5,0.97;0.4947
59 18.0 2.109 10.60 1.44?0;361052,282j14p4;}ﬁ99:009956A

= . MIN LIQULD RATE-= = 450 CC/MIN. :

G:g RAT‘E.? %?298 ggfoc D76 %;AE‘Z.Q;-'.3‘-‘Q1'8_,P:;?59,3-;-:'22‘"*:-70\‘:‘;5;,-2'3113:-;
61 10.0 2.868 16,40 0.97%0,322771,240 174 0.93 03685
62 14.0 2372 12.80 1.2)1 0.3420 1.749 14.4 1.06 0.4132
63 18.5 1.954 11.00 1.39 0.3277 2.192 13.0 1.19 0.4156
65 55.0 1.52) 10,10 1.50 0.2778 2.624 12.4 1.25 0.3

= MIN LIQUID RATE = 60.0 CC/MIN

‘622 RATE.? %fEQg ggf4o 0.68 0.2667 0,613 27.8 0.63 0.2232

67 70.0 3.010 20.20 0.82 o.gzzg §°t%? it-g %-;g 3-3334
95 O o - . d b
23 i?:2 2-257 12:23 g.os 0.2815 20123 164 0497 0.3602
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C 2.024 13.40 1.16 0.2786 2,347 15.2 1.04 0.2666
0

71 1703 1180 1.30 0.26€3 2,680 14.2 1l.1) 0.3492

Ny = 326.C CC/MIN LIQUID RATE = 30.0 CC/MIN

2 o7 4.56)] 17.20 1.20 0.6372 0.538 18.4 1.13 0.5606

1GUT3 1040 4e186 13.20 1.52 0.7620 1.382 15.0 1.36 0.7466
74  14.0 3.875 10.80 1.83 0.8622 2.085 12.6 1.59 0.8707
15 17 4 2638 9,60 2.05 0.9107 2,434 11,2 1.72 0,8837
76 2020 3.472 9.00 2.17 0.9269 2.796 10.5 1.88 0.9194
77  25.0 3.182 B.40 2.32 0.9102 3.556 9.8 2.01 0.9737

0
5
GAS RATE
5
0

GAS RATF = 326.0 CC/ZMIN t IGQUID RATE = 45 .0 CC/MIN
78 . 5.7 5.874 16.60 1l.24 0.8503 0.860 18.4 1.13 0.9374

75 10.0 3.854 14.80 1.37 06257 14575 15.3 1.33 0.8727
80 14,0 2,778 13,40 1.50 0.4981 2,162 13.4 1.50 0.8883
81 17.4 2.184 12.40 1l.61 0.4232 2.489 12.4 1.61 0.8520
82 20.0 1.849 11.80 1.69 0.3766 2.619 11.9 1.68.0.7950
83 28.0 1,390 11,00 1.80 00,3036 2,949 11,5 1.73 00,7198

GAS RATE = 326.0 CC/MIN LIQUID RATE = 60 .0 CC/MIN
84 5,7 6+660 17,80 1.16 0.8992 1,051 18.4 1,13 1.,1959

he  10.0 3.547 13.80 1.46 0.6176 1.770 14.5 1.40 1.0811
8  14.0 2.259 11.T0 1.70 0.4640 2.222 12.2 1.64 1.0470
87 1744 14648 10,60 1.87 0,3736 2,49] 11a0 1.80 1.0036
S8 30.0 1.333 10.20 1.93 0.3142 2.643°10.6 1.87 0.9405

89  25.0 0.937 9.90 1.99 002274-2779 10e1:1.95:0.8066:

APPROX IMATE YON = 0072 M.Fa

GAS RATE = 165.0 CC/MIN LIQUID RATE = 30.0 CC/MIN
90 5.7 1,189 38,00 0.38 0.0377 0.166 52.0 0,321 0.0156
91 10.0 2.177 30.00 0.44 00874 04875 32,0 0.41 0.0594
92 14.0 4.816 22.60 0.54 0.2566 1.619 24.8 0,51 0.0974
92 1625 94962 19.50 061l 0.6152 2.393 23,5 0,53 0,1256
94 174 14.042 18.20 0.64 0.9291 3.656 20.4 0.59 0.2082

GAS RATE = 16540 CC/MIN LIQUID RATE = 45 .0 CC/MIN
g5 5.7 2.063 30.50 0.44 0.0814 0.430 31.0 0.43 0.0735
96 10.0 2.3€, 20.00 0.60 0.1422 1.076 22+4 0.55 0.1169
91 14,0 2,700 15.20 074 002139 1,623 18,0 0,65 0,1460
98 17.4 3.049 12.80 -0.86 0.2868 2.281 15.4 0.74 0.1868
Comml U O CeIMING -
GAS RATE = 165.0 CC/MIN LIQUID RATE 6040 CC |
99 14.0 2.119 15.20 0.74.0.1679 1.&62;;8.0ﬁ0,65 0.1421.
100 17.4 2117 12.80 0.86§Q.19?}ﬁ%,a76 }5.§ 0.7?i9:165?i
' — o RAT - 30 .0 CC/ZMIN SRR
GAS RATE = 245.0 CC/MIN LIQUID RATE =~ 30. IN ;
' 10? T5.4 6.231 23.80 0.7159;4830-1.179526,0\0,66~o,5525;
102 7.5 4.819 20.60 0.zzso';;0;7,zoa».u.s,...1‘..\739..23.0,.0.73o.scrrz.f
103 11.5 3.190 15.00 1.05;0,392952,493;18,6;0,37;0.5477i
105 17.4 1.964 10.80 1.41:00 35“‘3"‘w;i¥?:6ﬁ§39?;9f?5§9;
GAS RATE = 245.0 CC/MIN LIQUID RATE!
106 5.7 3.983 22.00 - .

107 17.4 2.635 l6.4 {$M,ﬂw;nwyw,V%J‘M_%ﬁgﬁ%?%
108 10.0 3.387 12.80 1 . 571208700
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109 16.0 2,946 1140 1.34 0.4768 1.968 13,3 1.17 0.5933

110 20,0 2.430 10.60

1.44 0.4229 2.830 12.8 1.21 04971
111 25.0 2.097 10.10

1.50 0.3830 3.226 124 1.25 0.4560

GAS RATE = 245.0 CC/MIN LIQUID RATE = 60.0 CC/MIN
112 5.7 3.812 25.40 0,68 0.2769 0.406 27.8 0.63 0.1813
113 10.0 3343 20,20 0.82 0.3054% 1.265 21.6 0.77

0.3199
T1e 14.0 2.981 16.80 0.95 0.3274 1.866 18.0 0.90 0.372%
115 174 2718 14,70 1.07 0.3411 2.474 16.4 0.97 0.4198
116  20.0 2.539 13.40 1.16 0.3496 2.785 15.2 1.04 0.4350
117 25.0 2.2642 11.80 1.30 0.3505 2.784 14.2 1.11 0.3628
GAS RATE = 326.0 CC/MIN LIQUID RATE = 30.0 CC/HIN

118 e 7 5.902 17.20 1.20 0.8265 0,634 18.4 1.13 0.6635
119  10.0 44656 15.00 1.36 0.7476 1.631 17.0 1.21 0.7776

10120 705 5.328 13.20 1.52 0.9721 1.269 15.0 1.36 1.0351

121 14.0 3.823 10.80 1.83 08525 2.395 12.6 1.59 1.0022
122 17.4 3,278 9260 2,05 0.8225 2,237 11,2 1.77 11750
123 25.0 2.415 B8.50 2.30 0.6841 3.536 :

GAS RATE = 326.0 CC/MIN LIQUID RATE = 45 .0 CC/MIN
124 5.7 5,827 16,60 1,24 00,8454 0,766 18,6 113 0,8395
125 10.0 4.556 14.80 1.37 Oe7414 1.620 15.3 1.23 0.8978

126 14.0 -3.716 13.40 1.50 0.6679 2.254 13.4 1.50 0.9279
127 174 3,172 12.40 1.61 0.6160 2,679 .12.4% °

128 25.0 2317 11.00 1.80 0.5072 3.478 1ll.6 1.72 0.8435

GAS RATE = 326.C CC/MIN LIQUID RATE = 6Q0.,0 CC/MIN

129 S.7 3337 17.80 1.16 0.4516 0.239 18<4 1.13 0.2736
130 100 3179 13.80 1 .46 0.5548 1.102 14 .5 1.40 0.6731
132) 14,0 3,042 11.790 1.70 0,6262 1.421 12.2 l.64 C.6T799

‘132 174 2932 10.60 1.87 0.6662 1.556 110 1.80 0.6283

133 20.0 2.852 10.20 1.93 0.6735 2.087 104 1.90 0.7584

_Jd3& 25,0 2,708 9.90 1.99 00,6587 2,480 10,1 1.95 0,7214

SYSTEM: N-HEXANE—NITROGEN—HEAVY PARAFFIN OIL -
APPROXIMATE YCN = 0024 MaFa :

GAS RATE = 165.0 CC/MIN LIQUID RATE = 30.0 CC/MIN

135 £ 7 0.780 23.00 0.58 0.0408 0.188 24,6 0.56 0.0413

136  30.0 0.610 16.60 0.75 0.0443 0.399 16.6 0.75 0.0574

137  37.4 0.425 ©9.70 1.18 0.0527 0.624 10.2 1.13 0.0748

138 22 24 Qa3bs 130 1,52 00,0561 0 760 T8 1,64 0.089%
= .0 CC/MIN LIQUID RATE = 45.0 CC/MIN

fgg RAT§.7 i?iog Ez,zo 5.9l 00,1009 0.226 13,8 0,68 0.0960

4 0e1323
140 10.0 0.767 10.00 1.15 0.0924 0.571 11.2 1.0
141 17 .4 0462 T.60 1.47 0.0734 0.747 9.6 119 0.1033
142 22.4 0,350 T.60 41431_9;Q§25_9;§27 9.1 1.25 0.0984

GAS RATE = .0 CC/MIN L1QULD RATE;=--6020 CC/MIN. .« o -
143 ATg.z ;fZae 33,60 0.46:05062370.429 36.0 0.43 0.0754:

bie 26e0 0e53 0eNDT23
144 10.0 0.972 25.00 0.55; 00468 0.735.2640"
145 17.4 0.487 15.30 o.eogg.oaqgﬁg;Q17¢}§37.0s7§C9708731

P41 &7

= : JMIN LIQU%@“ ATE 257300 COAMIN = (|
%22 RAT§.7 ifiog ig.oo 1.088 0w160:-1634-1406° 02 251,

147 - 10.0 0.847 12.00 1,39g@g}gp;mdqﬁ§§tiz;amlgiﬁyp3117&i.
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17¢4 00575 Te20 2.2200.1473 0,603 T2 2422 0.2206;
P T R S ’ B C o ~>.-\ . x
GAS RATE = 245.0 CC/MIN LTQUID RATE (= = 45.0 CC/MIN: ~©.
150 5.7 14148 10.80 1.53;04296% 0.165 11.0,1,50042033;
151 10.0 00966 B8e40 1492062121043 73 - 97 1.69.0.2160.
152 17.4 0.740 6.40 2.48.0.2134 0,647 8.3 1.95 0.,2177,
153 22.4 0,630 6.40 2.48 0.1815 0.805 8.0 2.0l 0.2097
GAS RATE = 245.0 CC/MIN LIQUID RATE = 60.0 CC/MIN
154 5.7 0.965 15.60 1.10 0.1141 04117 22.0 0.83 0.0766
155 .10.0 0615 12.40 1.35 0.0915 0,311 16.2 1.07 0.1137
156  1T.4 0.330 8,20 1.97 0.0762 0.466 10.2 le.61 0.1347
157 22¢4 04246 Te40 2,16 0.0613 0.475 8.7 186 0.1202
GAS RATE = 326.0 CC/MIN LIQUID RATE = 300 CC/MIN
158 5.7 1822 12.20 1.78 0.3598 0.214 12.6 1.72 0.3976
159 10.0 3.330 9.20 2,31 0.3481 0,457 9.6 2.22 Net247
160 174 0.851 5.70 3.63 0.3596 0,789 5.8 3.57 0.5896
161 52.4 04660 4«30 477 023699 0.911 4.5 4.56 0.6513
GAS RATE = 326.0 CC/MIN LIQUID RATE = 45.0 CC/MIN
<162 5.7 1.783 9.60 2.22 0.4474 0,200 10.4 2.06 0.4712
QY1&3 10.0 1.263 8.40 2.51 003679 0.399 8.4 2.5) 0.4641
164 13.5 1.017 7.50 2.80 043267 0.618 - 7.8 2.69 0.4929
165 17.4 Q.B08 7.00 2.98 042780 0,737 7.3 2.87 0a4577
166 574 0622 6.70 3.11 0.2236 0.831 7.0 2.98 043993
GAS RATE = 326.C CC/MIN LIQUID RATE = 69 .0 CC/MIN-
167 5,7 1.655 13,00 1.67 0,3000 0,173 1622 1,37 0,2728
169 10.0 1.304 9.60 2.22 0.3271 0.358 13.1 1.66 02665
170 13,0 1,122 8,00 2.€3 0.3377_0.563 11.0 1.95 0.3494
17N 17.4 0.916 6.70 3.11 0.3294 0.722 9.1 2.33 0.3757
172  22.4 G.745 5.80 3.57 0.3092 0.793 8.1 2.60 0.3440
APPROX IMATE YON = 0053 MoF a
= . MIN LIQUID RATE = 30,0 CC/MIN
S#i RAT§.7 i?gsg ggfog 0.58 0.0708 0.326 2446 0,50 0.0716
174 10.0 0.981 16.60 0075 0.0711 0,720 16.6 0.25 0.1231
175 14.2 0.749 12.20 0.97 0.0739 0.881 12.6 °°'i o.%
176 17.4 0,623 9,70 1.18 0.0773 1051 10.2 2 0.1232
-~ 165.0 CC/MIN LIQUID RATE = 45,0 CC/MIN
?$3 RATE.? 1.177 13.20 0.91 0.1074 0.269 13.8 0.32 g.};gg
179 10.0 0.966 10.00 1.15 0.1139 0.532 11.3 1.09 0.1223
180 17.4 0,682 160 1.47 0.1080 0.901 9.6 1.1 0.1246
181 22.6 0.557 T+60 1.47 0.0883 1,084 9.0 1.26 0.1} ]
a5 rate = 1e3.0 ceoMin LIWED BATETS L 0055,6%0%3 0.000
: ™ «538 L . ";:y« b S :.( o o
1o 1810 1.055 25.00 0. 55 (0. 0508 _0.667726.0-0.33.0- 0720,
l8e  17.4 630 15.20 o.81%@39&99”°‘?§°f15*%&%:92“dt0§44§
185  22.6 0.468 11.80 1.00:05 0478 1e150 13.0 70834, 2 e7erds
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_GAS RATE = 245.0 CC/MIN LIQUID RATE.= . (30.0.CC/MIN . ;
186 5.7 1.295 16.40 1.0610.3456 0,197 1644 2 .06 Cel544,
187 10.0 1.067 12.00 1.3970.1641 0.447 12,0 143501973
188 17.4 0.795 7.20 2.22:0.2038: 0.760 | 7.2 2.22,0.278L
189 22.6 0.662 5.40 2.91i052262ﬁ0.946;;5,8'2572?0.3178}
GAS RATE = 245.0 CC/MIN LIQUID RATE =  45.0 CC/MIN ?

T19¢ 5.7 1.333 10,80 1.5330;2276T0.185}ll.071-50ﬂ0.2289:
191 10.0 1.081 8.40 1.92°0.2374 0.448 9.7 1.69 0.2590'
197  17.4 0,789 6,40 2.48 0.2274 0.720 8.3 1.95 0.2%22
193 226 0.649 6.40 2.48 0.1871L 0.906 8.0 2.01 0.2238
GAS RATE = 245.0 CC/MIN LIQUID RATE = _60.0 CC/MIN
194 5.7 1.171 15.60 1.10 0.1385 0.143 22.4 0.81 0.0918
195 10.0 14023 11.40 1.46 0.1655 0.386 16.2 1.07 0.2.412

196 )7.4 0.826 8.20 1.97 0.1858 D.629 10.2 1.61 0.1818
197  22.6 0.720 5.70 2.77 0.2329 0.824 8.7 1.86 0.2064
GAS RATE = 326.C CC/MIN LIQUID RATE = _30.0 CC/MIN
198 S 7 1662 12.20 1.78 0.3273 0.188 12.6 1.72 0.3463
199  10.0 1.395 9.00 2435 03724 0.417 9.3 2.24 04,3915
200 15.0 1.158 6.60 3.16 0,4218 0.675 6.7 3,11 0.5232

201 17.4 1.066 5.70 3+63 0.4493 0.815 5.8 3.57 0.6075

Vo2  22.8 0.89 4.40 4.66 0.4882 0.975 4.4 4 .66 0.6964
JUE .
GAS RATE = 326.0 CC/MIN LIQUID RATE =  45.0 CC/MIN
203 Sa? 1 .417 9,60 2.22 Q0.3546 0,101 10.4 2,06 02371
204 10.0 1.190 8.40 2.51 0.34C5 0.429 Bel 245) 044759
505 17.4 0.910 7.00 2.98 0.3125 0,605 7.2 2.91 0.3802
506 22.6 0.769 6.70 3.11 0.2758 0.807 7.0 2.98 0.3830
GAS RATE = 326.0 CC/MIN LIQUID RATE = 60 <0 CC/MIN -
207 5.7 24476 12.00 1.67 0.4577 0.282 17.2 1.30 0.4173
508  10.0  1e524 11,60 1.86 0.3156 0.578 13,1 1,66 0,4296
509  17.4 0.811 6.70 3.11 0.2909 0.869 9.1 2.33 0.4514
510 22.6 0.573 5.70 3.63 0.2414 0.994 8.0 2.62 0.4314
APPROXIMATE YON = 0,073 MaFa

‘G = .0 CC/MIN LIGUID RATE = 30.0 CC/MIN _
Z?i RATE.? 1?202 22 .00 0.58 0.0839 0.382 24,6 0,56 0.0838
213 17.4 0.930 9.7C6 1.18 0.1155 1.314 1%.2 %‘;3 %.izlg
216 20,9 0,811 590 feco _elloe
215 55.0 0.668 6470 1.6 0.1255 1.678 Te4 1.51°0.1845

- QUID RATE = 450 CC/MIN

gfs A ibgégig/géN ;E9¥I0.1508 0.354 13.8 0.88 0.1506

6 5.7 ¢ ° &£232 ND.T14 1103 1 .04 001641
517  10.0 1.348 10.00 1.15 0e16232 :
218 17 .4 0990 7.60 147 0.1569 1.318 9.6 1.19 0.1822
219 20.3 0.888 T.40 1.51 01445 1.519 9.2 1.24 0.1840
520  25.0 0.753 800 1o40g&g&k&ﬁﬁ%ﬁ?fiﬁﬁ?tQmkr%ém?:&???@

#i s S

‘ — ) 'S RATE = 600 ‘CC/ZUIN .
iéi RAT% 7 16232 32f23" gfzg%g.0626{g§§§6236;o;Q§4§no.0625g
222 10.0 1.400 25.00 0.55QDQQ§J§M016?152539M9s53w9hQ&?§x
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125 10263 21.60 0.6l 0.0704 0.923 21.7 0.1 N.DN2
;24 17 .4 1.04€ 15,20 0.8) 00829 1.208 167 0.75 00,1027
225 20,9 0924 12.6C 0694 00883 1419 14.0 0.87 .0.1180
226 25.0 0.806 10,80 1.08 0,€899 1.597 1ll.6 1.01 C.1314
GAS RATE = 245.,0 CC/MIN LIGQUID RATE = 3040 CC/MIN -

227 5¢7 Je594 16,20 1.07 0.1816 0.241 1644 1.06 03890

228 10.0 1.3)€ 12.00 1.39 02024 0.502 12.1 1428 0.,21096
229 135 le) 4] 9.20 177 0e2287 04796 96 1470 Ce2972
231 20e9 0868 590 2.68 0.2715 1.)48 6.2 2.55 0.3945
232 25.0 0.758 5.10 3.07 0.2741 1.217 56 281 0.3779.
GAS RATE = 245.0 CC/MIN LIQUID RATE = 45,0 CC/MIN
233 5.7 le313 10.80 1.53 0.2243 0.182 11.0 1.50 0.2244
234 30,0 1.194 Bad0 1.92 0.2623 0.431 Q.7 )ab9 Na2492
235 17.4 1.025 640 2448 0.2955 0.778 8.2 1.95 0.2616
23¢€ 20.9 0.957 620 2.55 0.2848 0.975 8.0 2.0) 0.2750
237 25.0 0.88¢ 6.60 2041 0.2476 1.107 8.0 2.01 0.2549
GAS RATE = 245,0 CC/MIN LIQUID RATE = 60.0 CC/MIN

‘238 5.7 le274 15.60 1l.10 0.1507 0.158 22.0 0. 83 0.11030
239 10.0 1.131 11.40 1l.46 01830 0.415 162 107 c.1518
240 174 04935 8020 1.97 0.2104 0.694 10,2 1.61 0.2005"
12{&1 20.9 0.860 T7.60 2.11 0.2087 0.856 9.0 1.81 0.2266
:GAS RATE = 3260 CC/MIN LIQUID RATE = 30,0 CC/MIN
242 5.7 2.083 .12.20 1.78 N.4102 0.220 12.6 1.72 0.4056
243 10.0 14558 9.20 2,31 0,4068 0,598 0.5 2.24 00,5236
244 13.0 1.301 7.60 2.76 N.4113 D0.722 T.6 2.76 5919
245 17.46 1.025 570 3.63 0.4323 0e867 567 36632 0.6578
246 20.9 0.86‘1’ 4.60 4.“:‘7 0.4515 10038 4‘58 ‘?329 097521

K
GAS RATE = 326.,0 CC/MIN LIQUID RATE = 45 .0 CC/MIN
247 5.7 1.5¢58 9.70 2.19 0.3860 Q.14O 104 2.06 0.3285
248 10.0 1,369 8,40 2.51 0.3916 0,429 B.4 245) 04758

249 174 1.116 7.00 2.98 0.3830 0.703 7e2 2691 0.4421
250 20.9 1.020 6.80 3,07 00,3604 0.879 7e0 298 0.4572
GA ATE = 6.0 CC/ZMIN LIQUID RATE = 60 0 CC/MIN
253 i T;.o ‘gigsg 14.20 1.55 0.5689 0.214 18.0 1.25 0.4088

555 5.7 3.057 13.00 1.67 0.5650 0.401 17.2 1.30 0.5919
253 10.0 1850 9.60 2,22 0.463)1 0.706 13.) 1.66 0.5247
254 13.5 1.328 7.90 2.66 0.4038 0.906 10.8 1.99 0.5439
255 174 €9 _ 6. 3.11 0.3476 1105 9.1 2.33 0,5739
256 20.9 0.758 600 .3.46 0.3037~1.142 8Be2 2457 05296

Table 2-5
Kpga and K Roga _values for H < 25 cm
NO G . Qg H Eg NTU Slope As/Vs KOGa Koga
SYSTEM: N- HEXANF—NITRCGEN-LIGHT PARAFFIN oIL " x10% x10%

ABSORBER DIAMETER
_APPRGXIMATE YCN =

= 0.793

Q.023%

cM
MeFa

1.165.0 30.0
2 165.0 30.0 10.00 0.

5,69 0.9519 0.408 1.
9519 0.868 l.2

548 13.804

15 10.971
9.538

0.0500 0.0534
0.0494 0.0657

19 1.178 Q.948

0.0444 0.0630

A
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4 165.0 30.0 17.40 0.9519 1314 0.850 9.193 0.0413 0.7615
5 165.0 300 2000 09519 14490 0.760 8.955 0.0379 0.0613
6 165,0 45.0 5,69 0.,9583 0,229 0.989 12.006 0.0268 0.0374
7 165.0 45.0 1G.00 0.9583 0.481. 0.800 10.049 0.0355 0. 0431
8 16540 45.0 15.00 0.9583 0.709 0.641 9.059 0.0315 0.0433

. 8 581 8,822 0.0224 N.0427

10 16540 4540 20.00 0.$583 0.952 0.525 8.657 0.0270 0.9440

11 165.0 45.0 2500 049583 0.993:0.438 . 8.493 0.0230 0.0366

12 165.0 _60.0 5,69 0.,9654 0.111 0.639 16,112 Q.0177 N.0L46

13 165.0 60.0 10.00 0.9654 0.306 0.736.12,780 0.0257 0.0233

14 165.0 60.0 15,00 0.9654 0,589 0.879.10.845.0.0362 0.0325
5 165,0 6 40 0.965%4 o{cozmoiésa‘;o,azz;Q,Q417ﬁ0.0294

16 24540 30.0 5.69 0.9128 0;269‘1g537ﬁﬁ9;484‘0;072330;0760

17 245.0 30.0 10.C0 0.9128 ogsoegr;zlonwe.eaano.oezé*o.oqu

18 245.0 30.0 15.00 0.9128 0;87050,9413g8J247;0.051210.0755

19 245.0 30.0 17.40 0.9128 1;031;0;&50g\8;14710.0465:0.0762

20 245.0 30.0 25.00 0.S128 1,16310.62 1184009 .0.0348 0.058)

21 245.0 45.0 5.69 0.9130 0,190:.1.484: 078 0.0729 0.0596

22 245.0 45.0 10.00 0.9130 06127 475 6:0.0775:0.0902

53 245.0 45.0 15.00 0.9130 0,811,464, 040798 0.0751

24 245.0 450 1740 09130 12063::14459: | .4 -0.0802 -0.0835

25 245.0 45.0 20.00 0.9130 1.197..1.454 ..,3.064.0.0804.0.,0807

26 245.0 60.0 5.69 0.9C77 0-294-2,082°79,63070.096570.0917

27 245.0 60-Q_l94QQ_Q;2Q1Z_Q;1&Q_L4222__2;QQQ_Q:QEEQ_Q;LQ§2_

58 245.0 60.0 15.00 0.9077 1.081 1.889 B8.633 0.0976 0.1002

29 245.0 60.0 17.40 0.9077 1.371 1.844

30

245,0 60.0 2000 Oe.

8. 534 0.0964 2.1081

9077 1.510 1.796 8.460 0.0947 0.1025

31
32

326.0 30.0
326.0 30.0

569 Q.
10,00 O.

8295 0.476 2.217
8295 0.934 2.158

8.142 0.1763 0.2087
7163 0.1240 0.1810

33 326.0 30.0 15.00 0.8295 1.26% 1.473 7.571 0.0868 0.1503
34 326.0 30.0 17.43 0.8295 1.446 1.253 T-525 0.0743 D.1447
35 326.0 30.0 24.00 0.8295 1.68) D.855 7T.466 0.0511 0.1176
36 326.0 45.0 5.69 0.8548 0.398 2.925 8.149 C.1601 0.1824
37 326.0 45.0 10.00 0.8548 0.803 2.171 7.869 0.1231 0.1606
38 326.0 45.0 15.00 0.8548 1.171 le611 7T.726 0.0930 0.1427
39 326.0 45.0 17.43 Q.8548 3.305 1.415 7,692 0.0821 0.1337

W40 32640 5.0 20.00 0.8548 .432 1.243 T.669 0.0723 0.1255

MWl 326.0 60.0 5.69 08759 0.368 2.823 B8.063 0.1562 0.1778

1OUL2 32640 60.0 10.00 0. E759 0.743 2.092 7.840 0.1190 N.1558
43 326.0 60.0 15.00 0.8759 1.080 1.550 7.711 0.0897 0.1378
44 3260 60,0 17.40 0.87%9 1.203 1.362 2. .676 D.0T792 01292
45 326.0 60.0 20.G0 0.8759 1:§gg”;,19gau1}949 00696 D.1213

SYSTFEM: N—HEXANE—NITRDGEN-LIGH,LPARAFFJN~OILx
ABSORBER DIAMETER = 0'723M gM
APPROXIMATIE YON = 0.052 oFa _ _
46 165.0 30.0 5.69 0.9240 1.127 3.742 13.804 0.1210 0.1475
47 165.0 30.0 7.50 0.9240 1490 3.174 12.346 0.1147 D.1460
48 165.0 30,0 10,00 0.9240 5. 002 24579 10,971 0,1049 00,1514
49 16540 30.0 12.00 0.9240 2.380 2.215 10.241 0.0965 0e1542
50 165.0 30.0 15.00 0.9240 2.748 1.799 9.538 0.0842 0.2469

51 165.0 30,0 17.40 0. G240 2.985 1.545 9,193 0.0750 0.1398
53 165.0 30.0 25.09 0.9240 3. > 4 221 0~ 378
55 1650 450 1.0 .00 0.9591.0.901 1.473 10.049 0.0654 0.0808
56 165.0 45.0 14.00 0.9591 1ﬁﬁggﬁ&ﬁggéﬁg?g%ﬁﬁap;psqs¢9,9849

57 165.0 45,0 15.00 0,9591 1,328 101517 79. 059 0.0567 0.0811
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58 16540 45.0 17.40 0.9591 14465 1.033, 8.822 0.0522 0.0776
59 165.C 60.0 5.69 0.9566 0,471 1.996°16.112 0.0552 N.0620
60 165,00 60.0 10,00 0+9566 048891566 12.780 0.0547 0.0677
62 165.0 60,0 15.C0 0.9566 1.308-1.222-10.845-0.0502 0.9721
63 165,0 60,0 17.40 0.9566 1446 1.095.10.322 0.0473 0.0707
64 245.0 30,0 5.69 0.8294 1.008 5.114 9.484 0.2406 0.2854
65 245.0 30.0 10.00 0.8294 1,892 3,581 8.663 0.1844 0.2579
66 _245.0 30,0 34,00 0,8294 24541 2.700 . B.303 0.1451. 0.2377
67 245.0 30.0 15.00 0. 8294 2,649:2.53L :.8.247 0.1369 0.2299
68 245.0 30.0 18,00 0.8294 24582 2.109178.128 0.1158 0.2123
69 245.0 45.0 5.69 0.9006 03593:3:599 9,078 0.1769 0.1858
70 245.0 45.0 10.00 0.9006 1.240.2.868°.8.486.0.1508 0.1827
71 245.0 45.0 14.00 0.9006 1374972,3727 8,227 0.1287 0.1749 "
72 245.0 45.0 15,00 0,9006 1.857 2.268 8.186 0.1236 0.,1719
73 245.0 45.0 18450 0.9006 2.199 1.954 8.090 0.1078 0.1615
74 245.0 45.0 20.00 0.9006 2.479 1.839 8,064 0.1017 0.1671
75 245.0 45.0 25.00 0.9006 2.624 1.521 8.015 0.0846 0.1388
76 245.0 600 5.69 0.9027 0.613 3.672 9.630 0,1701 0.1909
77 245.0 60.0 10.00 0.9027 1.185 3.010 9.000 0.1492 0.1738
78 245.0 60.0 14.00 0.9027 1.67) 2.544 8.686 0,306 0.1671
79 245.0 60.0 15.00 0.9027 1.820 2.444 8.633 0.1263 0.1687
80 245.0 60.0 17.40 049027 2.123 2.227 8.534 0.1164 0.,1674
81 245.0 60.0 20,00 0.9027 2.347 2.024 8.460 0.1067 0.1593
82 245.0 60.0 25.00 0.9027 2.680 1.703 8.379 0.0907 0.1431
83 326.0 30.0 5.69 0.8605 0.538 4.561 8.152 0.2496 0.2349
84 326.0 30.0 9.98 0.8605 1.382 4,186 T.771 0.2403 0.2676

W85 326.0 30.0 14.00 0.8605 2.085 3.875 7.603 0.2274 0.2679

Wi 3%6°0 230.0 15.00 O.8605 2.137 3,803 7.577 0.2239 0.2534

OURBT 326.0 30.0 17.40 0.8605 2.434 3.638 7.531 0.2155 0.2435
88 326.0 30.0 20.00 0.8605 2.796 3.472 7.499 0.2066 0.2390
80 3960 3N.0 25.00 0.8605 3.556 3,182 7.467 0.1901 0.2373
90 326.0 45.0 569 0.8072 0.860 5.874 8.156 0.3213 0. 3927
31 356.0 45.0 9.98 0.8072 1.575 3.854 7.874 0.2183 0.3148
92 326.0 45.0 14.00 0.8072 2.162 2.778 7,750 0.1.599 0.2852
o5 25¢ 0 a0 15.00 0.8072 2,231 24580 7.730 0.1489 0.2713
o4 326.Q 45.0 17.40 0.8072 2.489 2.184 7.696 0.1266 0.2549
95 326.0 45.0 20.00 0.8072 2.€19 1.849 7,672 0.1075 0.2289
2% 3960 65.0 25.00 0.8072 2.949 1.390 7.649 0.0811 0.2009
97 326.0 60.0 5.69 0.7826 1.051 6.660 8.074 0.3680 0.5060
98 326.0 60.0 9.99 0.7826 1.770 3.547 7.850 0.2016 0.3708
90 3260 60.0 14.00 0.7826 24222 24259 TaT73l 0.1303 0.3065

T00 3260 60.0 15.00 C.7826 2.303 2,048 7.719 0.1184 N.2929
101 326.0 60.0 17.40 0.7826 2.491 1.648 7.683 0.0957 0.2668
102 326.0 60,0 20,00 0,7826 2643 l.333 7.657 0.0777 02417
102 326.0 60.0 25.00 0.7826 2.779.0.937 7.628 0.0548 0.1983

. SYSTEM: N-HEXANE-NITROGE

N-LIGHT PARAFFIN OoIL

ABSORBER DIAMETER = 0.793M iM

APPROXIMATE YON = 00,0716 M.Fo. ~

104 165.0 30.0 5.69 0.9768 0.166 1.189 13.804 0.0284 0.0218

105 165.0 230.0 10.00 0.9768 0.875 2.177 12.971 o.oegs 0.0662
. 6

107 165.0 30.0 15.00 0.5768 1.951 64246 9,538
108 165.0 30.0 16:50 0.9768 2.393 9.962 94305 0.:g7g'golg75
109 165.0 30.0 17.40 .9768 3,656 9,193 0. 1 «1711




, 110 165.0 45.0 5.69 0.9646 0.430. 2

<063 12.0N6 0.0767 0.0703
11] 165.0 45.0 10.00 0.9646 1.076

2.36) 10,049 0.1048 00,0965

l¢ + 9646 9.193 0.1310 0.,1059
,113 165.0 450 15.00 0.9646 1.833 2,796 9.059 0.1377 0.1121

114 165.0 45.0 17.40 0.9646 2.281. 3.049 8.822 0.1542 0.1208
115 165.0 60e0 5.69 0.,9573 0.448 2,125 16.112 0.0588 0.0589
116 165.0 6040 10.00 0.9573 0.974 2.122.12.780 0.0741 0.0741
117 165.0 600 14.00 0.9573 14462 2.119.11.126 0.0850 0.0852
118 165.0 60,0 15,00 00,6573 1;584,23118‘10.845,0.0871'0.0873
119 165.0 60.0 17.40 0.9573 1.876°2,117-10.322 0.0915 0.0917
120 245.0 30.0 5.39 0.8541 1.179:6.231 ~9.568 0.2905 0.3630
121 245.C 30.0 7.50 0.8541 1;739}4,813;;9;061ZO.2373u0.3359
122 245.0 30.0 11.50 0.8541 2.493°3,390 . 8.497 0.1675 0.2899
123 245.0 30.0 14.00 0.8541 2.928:2,560 : '8.303 0.1375 0.2740
124 245.0 30,0 15.00 0.8541 2.989:2.359 8,247 0.1276.0.25%
125 245.0 30.0 17.40 0.8541 3;217:1.964. :8.147 0.1075.0.2376
126 245.0 45.0 5.69 0.5056 0:625:3,983 59,078 0.1957 0.1958

127 245.0 45.0 15.00 0.9056 2:124:2+849 : 8.186 0.1553 0.1966
128 245.0 45.0 17.40 0.9056 2.3562.635..8.114 0.1449 0.1850
129 245.0 45.0 10.00 0.9056 1:477°3.387 8.486 0.1781L70.2176
130 245.,0 45.0 14,00 0.9056 1.968 2.946 8,227 0,1598 0.1368
131 245.0 45.0 20.00 0.9056 2.831 2.430 8.06%4, 01244 0.1908
132 245.0 45.0 25.00 0.9056 3.226 2,097 8.015 0.1167 0.1705
133 245.0 60.0 5.69 0.9285 0.406 3.812 9.630 0.1766 0.1266
134 245.C 60.0 10.00 0.5285 1.265 3.343 9,000 0.1657 0.1856
135 245.0 60.0 14.00 0.9285 1.E66 2.981 B8.686 0.1531 0.1866
136 245.0 60.0 15.00 0.9285 1,958 2.900 8.633 0.1498 0.1815
137 245.0 60.0 17.40 0.5285 2.474 2.718 B.534 0.1421 0.1951
138 245.0 60.0 20.00 0.9285 2.785 2.539 8.460 0.1339 0.1890
. 139 245.0 60.0 25.00 0.9285 2,784 2.262 B8.379 0.1194 0.1487
140, 326.0 30.0 5.69 0.8782 0.63% 5,602 B8.153 0.3230 0.2774
14) 326.0 30.0 10.00 0.8782 1,631 4,656 7.770 0.2674 0.3151
142 226.0 300 749 0.8782 1.269 5.228 T7.957 0.2987 0.3615
W43 326.0 30.0 14,00 0.8782 2.395 3,823 T.603 0.2243 0.3077
V24 326.0 30.0 15.00 08782 2.537 3.649 7.577 0.2149 0.3008
O145 326.C 30.0 17.40 0.8782 3,237 3.278 7.531 0.1942 N.3237
146 326.0 30.0 25.00 0.8782 3,537 2.415 T.467 0.1443 0.2360 .
147 326.0 45.0. 5.69 0.84633 0.766 5,827 8.156 0.3187 8-22234
148 326.0 45.0 10.00 0.8433 1.620 4.556 7.873 0.2582 0.3232
149 326.0 45.0 iq.oo 0.8433 2.254 3.716 7.750 0.2139 0,2S72
150 326.0 45.0 15.00 0.8433 2.383 3.542 7T.730 0.2044 D.2897
157 226.0 45.0 17240 0a8433 2,679 3.172 7.696 0.1839 00,2743
152 326.0 45.0 25.00 0.8433 3.478 2.317 7.649 0.1351 0.2370
153 326.0 60.0 5.69 0.9215 0.239 3.337 B8.075 N.1844 0.1155
154 226.0 60.0 10.00 0.9215 1.102 3,179 7.849 0.1807 0.2303
155 326.0 60.0 1400 0.9215 1.421 3.042 7.737 0.1754 0.1.960
156 326.0 60.0 15.00 0.9215 1.467 3.009 7.719 0.1739 0.1.865
157 226.0 60.0 17,40 0.9215 1356 2,932 7,683 0.1703 0,1666
158 326.0 60.0 20,00 0.9215 2.087 2,852 T.657 0.1662 01908
159 326.0 60.0 25.00 0.9215 2.480 2,708 7.628 0.1584 0.1770

SYSTEM: N-HEXANE-NITROGEN-HEAVY PARAFFIN oIL
ABSORBER DIAMETER = 0.733M %M

APPROXIMATE YON = 0.,0237 M.Fa

160 165.0 30.0 5.69 0.8751 0.188 0.780 12.223 0.0285 0.0308
16l 165.0 30.0 10.00 0.8751 0.399 0.610 9.924 0.0274 0.0356




253 -

163 165.0 30.0 17.40 0.8751 0.624 0.425 8,480 0.0224 0.0333
'« 164 165.0 30.0 22.40 0.8751 0.760 0.344 8.173 0.01.88 0.0317
165 165.0 45,0 5.69 0.8898 0,226 1,106 9,145 0,0539 0.0537
166 165.0 45.0 10.00 0.8898 0.571. 0. 767 8.411 0.0407 0.0653
167 165.0 45.0 15.00 0.8898 0.701 0.538 B.039 0.0299 0.0509
168 165 5,0 1740 0.B8898 0.747 0.463 T.95 D260 0.0662
169 16540 45.0 22.40 0.8898 0.897 0.350 7.852 0.0199 0.0423
170 165.0 60.0 5.69 0.8755 04429-.1+686.:13.145.0.0572 0.0765
171 165.0 60.0 10.00 0. 8755 0,735 0.972 11.104 0.0391 0.0688
172 165.0 60.0 15.00 0.8755 04946 059 94919 °0.0267 0.0602
173 165.0 60.0 17.40 0.8755 14018 0.487.:9.599.0.0226 0.0563
174 245.0 30.0  5.69 0,7817 0.,160.1+106 8.77% 0.0562 0.0566
175 245.0 30.0 10.00 0.7817 0240370,8477 84105 0.0466 0,063T7
176 245.0 30.0 15.00 0.7817 0.551 0647 7476700372 0.0540
177 245.0 30.0 17.40 0.7817 0.603]0.575  7.686 0.0334 0.0500
1768 245.0 30.0 2240 0.7817 0.748: «459. 7597 .0.0270 D.0468
179 245.0 450 5.69 07964 0;165-£¢1ﬁ8;§7.97330,06425050678
180 245.0 45.0 10,00 0.7964 0,373 <966 ;:7.751 0.0556: 0.0654 .
181 245.0 450 1500 07964 0.567..0804 " 7,639 0.,0469.0.0599
182 245.0 45.0 17.40 0.7964 0,667 0,740 T.612 0.,0434 0.0574
183 24%.,0 45.0 2240 0.7564 0805 0630 :7+5820.0370-0.0535
184 245.0 60.0 5.69 0.8396 0.117..0.965,..8.862.0.0486 0.0460
185 245.0 60.0 10.00 0.8396 05311 0.615 "8, 476 0.032470.0526
186 245.0 60.0 15.00 0.8396 0.397 0.403 8.251 0.0218 0.0410
167 245.0 60.0 17.40 0.8396 0.466 0.339 8.190 0.0185 D.0406
188 245.0 60.0 22.40 0.8396 0,475 0,246 8.116 0.0135 0.N311
189 326.0 30,0 5.69 0.6987 0.214 1.822 7.740 0.1051 0.1199
190 326.0 30.0 10.00 0.6S87 0.457 1.330 7.429 0.0799 0.1017
191 326.0 30.0 15.00 0.6687 04689 0.973 7272 0.0597 0.0913
' 197 326.0 300 17,40 0.6987 0.789 0.851 7.235 0.0525 0.0876
193 356.0 30.0 22.40 0.6587 0,911 0.660 7.193 0.0410 0.0755
194 326.0 450 569 0.7496 0,200 1.783 T.564 0.1052 0.1209
195 326.0 45.0 10.CO 0.7496 0,399 1.283 7.458 %.%Zig g.gzig
156 .0 0 13.5C 0.7496 0.618 1.017 7.416 4. .
197 ggg.o 22.8 15 .00 0.7496 0,640 0,928 T.404 0.0559 0.0872
198 326.0 45.0 1740 0.7496 0.737 0,808 7.391 0.0488 0.0837
1.99 32640 45.0 2240 0.7496 0.831 0.622 7.377 0.0376 0.0702
Y50 326.0 60.0 5e69 0.7572 0173 1.655 T.636 0.0967 0.1072
0201 326.0 60.0 B8.00 0.7572 0.275 1.451 T.551 0.0858 N.0924
202 326.0 60.0 10.00 0.7572 0.358 1.304 7T.498 0.0776 0.0862
2032 326.0 €0.0 12.00 0.7572 0.563 1'.1?2‘ 7.443 0,.0672 0.09586
204 326.0 60.0 15,00 0.7572 0.597 1.021 7.418 0.0614 0.0848
505 326.0 60.0 17.40 0.7572 0.722 0.916 7.396 0.0553 0.0856
206 326.0 60.0 22.40 0.7572 0.793 0.745 T.370 0.0451 0.0700
SYSTEM: N—HEXANE-NITROGEN—HEAVXMPARAEEIN*OILN“
ABSORBER DIAMETER = 0.733M iM
égngté?ngoth 5.25052 S 04326 1,352 12,223 0.,0494 0.0532_
208 165.0 30,0 10.00 0.8219_0.7%2.3.322 Z-Z%; %-%:22 %-%gia-
209 165.0 30.0 14.20 g.gzxg 0:9,6 2 8.760 D.0384 0.0581
211 16540 30.0 17.40 0.8219 1.051 0.623 B8.480 0.0328 o.og:a
212 165.0 30.0 22.60 0.8219'1r23§gggﬂ77ﬁ78!165t°ﬂgéglig‘g639
213 165.0 45.0 5.69 0.8490 0,269 712177 9.145 0. *0obo
514 165.0 45.0 10.00 0.8490 04532 0-94%f§§;41l;°rgi°% g'oswe
215 165.0 450 15 04792 0.7541:84039 D20% 18 0.0516 .

.00 0.8490



216 165.C 45.0

254 -

17.40 0.8490 0,901

217 165.0 45.C
1,218 1€5.0 60.0
219 165.C 60.0

22 «60 0.8490 l.084
569 0.8441 0.344
10 .00 0.8441 0667

220 165.0 60.0
221 165.0 60.0
222 165.0 60,0
223 245.0 30.0

15.00 O.f441 0.899
17.40 0.844) 0.580
22 .60 0.844) 1.150

0.682 T.950 0.0282 0.0557

0.557 ~7.850 0.0317 0.0506
©1.538 13,145 0.0522 0.0613
1.055 11.104 0.0424 00624
' 0.734 - 9.919 0.0230 0.2572
0.630 9.599 0.0293 0.9543
0.468 9.198 0.0227 0.0494

224

5,69 0.8016 04197 1.295

. 8,771 0.0658:0.0698

225

245.0 30.0 10.00 0.8016 De4a?
245.0 30.0 15.00 Qo

226

245.0 30.0 17.40 O.

8C16 0,670 Q0 e )
8016 0&766;0.7952;1.686ﬁ0.0462LO.0630

1067

84105 00587 00706

74767, 0.0500 0.0657

227 245.0 30.0 22.60 0.8016 0.946"0.662 ~ T+595 0.0389 0.0587
578 245.0 45,0 5.69 0.8120 0.185 1.333 7.973 0.0746 _0.0764
S50 245.0 45.0 10.00 0.8120 0.%48 1.081 7.751 0.0622 0.0784
530 245.0 450 15.00 0.8120 0.645 0,869 7.633 0.0508 0.0681
53] 245.0 4500 17+40 0.8120 0.720 0.789 7.612 0.0462 0.0639
532 545.0 45.0 22.60 D.8120 0,906 0.649 7.581 0.0382 0.0597
533 245.0 60.0 - 5469 0.8279 0.143 1.171 8.862 0.0590 0.0561
534 245.0 650.0 10.00 0.8279 0.386 1.023 B.376 0.0538 0.N652
535 245.0 600 15.00 0.8279 0.560 0.883 8.25) 0.0477 0.0578
536 245.C 60.0 17.40 0.8279 0.629 0.826 8.190 0.0450 0.0547
537 245.0 60.0 2260 0.8279 0.824 0.720 8.114 0.0396 0.0535
538 326.0 30.0 5.69 0.7436 0.188 1.662 7.739 0.0958 0.1047
530 326.0 30,0 10.00 0.7436 04417 1.395 7.429 0.0838 0.0929
540 226.0 30.0 15.00 0.7436 0.675 1.158 7.272 0.071) 0.0895
1241 326.0 30.0 17.40 0.7436 0.815 1.066 7.235 0.0657 0.0904

W542 3%6.0 30.0 22.80 0.7436 0.975 0.89% 7.191 0.0555 0.07°91

0263 326.0 45.0 569 0.7701 0.101 1.417 7.564 0.0836 0.N605

244 32640 45.0 10.00 0.7701 0,429 1.190 7.458 0.0712 0.0995

, 2485 326,0 45,0 15.00 00,7701 0555 0,989 2.404 00596 N.NT56
246 32640 45.0 17.40 0.7701 0.605 0.910 T.391 0.0550 0.0688
547 326.0 45.0 22.60 0.7701 0.807 0.769 T37TT 0.0465 0.0675
548 326.0 60.0 5.70 0.7328 0.282 2.476 Te636 0.1447 0.1745
249 326,00 60,0 1000 00,7328 0.578 1a.524 7.498 00,0907 N,1394
550 326.0 60.0 15.00 0.7328 0.793 0.974 7.418 0.0586 0.1127
251 326.0 60.0 17.40 0.7328 0.869 0.811 7T.396 0.0489 0.1031

252 326.0 60,0 22.60 0.7328 0.994 0.573 _T

SYSTEM:

= 0793 CM
0.0730 M.F.

N—HexANE-NITRUGEN-HEA@§n£ﬁS??F1NMQIL7;
ABSORBER DI AMETER
APPROXIMATE YON =

e e e ———

263 165.0 30.0 5469 0.7851 0.382 1.602 12.223 0.0585 0.0625
254 165.0 30.0 10.00 0.7851 0.792 1.289 9.924 0.0579 0.0707
255 165.0 30.0 15.Q0 0.7851 1,171 1,028 n71
256 165.0 30.0 17.40 0.7851 1.314 0.930 8.480 0.0489 0.0701
257 165.0 30.0 20.90 0.7851 1.590 0.811 8.238 0.0439 0.0710
258 165.0 30.0 25.00 0.7851 1.678 0.698 8.094 0.0385 00,0625
250 165.0 45.0 569 0.8136 0.354 1.653 9.145 0.0807 0.0842
260 165.0 45.0 10.00 0.8136 0.714 1.348 8.411 0.0T15 o.os}z
261 1030 2. 5 8136 1.318 0.990 1
26 65 .0 17 .40 Qo . .
Zég ibg.% 22.% 20.30 0.8136 1.519::0.,888 ~738§330,0503$0.0795
264 1650 450 2500 0.8136 1+583 0.7537 7.827 0.0429 0.0662
265 1650 600 5469 0.8204 0.:356 1.69qﬁ;3.195;9‘9575 0.0634
5 7 11.104.0.0563 0.0652
266 165.0 60.0 10.00 0.8204 05697 1;599x11@ 4020365 ‘
267 _165.0 60.0 12.50 0.8204 o§§;§#§f263¢;95&02&95054z@g¥9§97
>68 165.0 60.0 15.00 0.820% 1ggzpwt=;g§;»9.919”o:n515 0.0681



= 255~

269 165.0 60.0 17.40 0.8204 1,208

270 1565.0 60.0 2C.90 0.8204 1419 0.924 .9.296.0.0443 0.0658
271 165.0 60.0 25.00 0.8204 1597 0.806 9.095 0.0395. 0.0621
272 245.0 30.0 5.69 0.7768 0e26).:.145%94 - .8.771 0.0811° 0.0854
573 245.0 30.0 10.C0 0.7768 0.502 1.316:.8.105 0.0725 0.0793
574 245.0 30.0 13.50 0.7768 0.796 o141 7.839 0.0649 0.0880
275 24540 30.0 15.00 0.7768 0826 1.076  T.767 0.0618 0.0809

276 245.0 30.0 17.40 0.7768 0925 0983  7+686 0.0571 0.0767
277 24540 300 20.90 0.7768 1.,148.0.868 . 7.616 0.0509 0.0777

278 245.0 30.0 25.00 0.7768 15217 07587 Te574 0.0446 00676
79 24 45, 5.60 0.8104 0.1R2 1,313 7.973 0.0735 0.0748

B0 245.0 45.0 10.00 0.8104 0,431 1.194 7.751 0.0687 0.0754

281 245.0 45.0 15.00 0.8104 0.681 1.076 7.639 0.0628 0.0719

582 245.0 45.0 17.40 0.8104 0,778 1.025 7.612 0.060) 0.0690

583 245.0 45.0 20.90 08104 0.975 0.957 7. 588 0.0563 0.0701

284 246540 45.0 25.00 0.8104 1.107 0.386 7.575 0.0522 0.0651

585 245.0 60.0 5.69. 0.8327 0.158 1.27% 8,862 0.0641 0.0618

586 245.0 60.0 10.00 0.8327 0.415 1.131 8.476 0.0595 0.0702

587 245.0 60.0 15.00 0.8327 0.616 0.993 RB.251 0.0537 0.0636

588 245.0 60.0 17.40 0.8327 0.694 0.935 8.190 0.0509 0.0604

589 245.0 60.0 20.90 0.8327 0.856 0.860 8.133 0.0472 0.0606

590 326.0 30.0 5.69 0.7474 0.220 2.083 7.739 0.1201 0.1226

_Z2L_é;g;Q_éQ4Q_AQ492_941ﬁ1ﬁ_Q;22g_L;22§__1=&22_949222_Q;l;£§_.
292 326.0 30.0 13.00 0.7474 0.722 1.301 7.319 0.0793 0.1141

¥563 326.0 30.0 15.00 0.7474 0.798 1.163 7.272 0.0714 2.1058

0%04 32640 300 17.40 0.7474 0.867 1.025 7T.235 0.0632 0.0962
595 326.0 30.0 20.90 0.7474 1.038 0.864 7.202 0.0535 0.0931
296 3260 45,0 5269 0.7137 -0.140 1,558 T7.564 00,0919 00,0839
507 32640 45.0 10400 0.7737 0.429 1.26G T.458 0.0819 0.0995
298 326.0 4500 15.00 0.7737 0.628 1.190 7.404 0.0717 0.0855

. 299 326.0 45.0 17.40 0.7737 0.703 1.116 7.391 0.0673 0.0800
200 326,00 45,0 20490 0.7737 0,879 1.020 7.3280 0.0616 Q.0805
301 326.0 60.0 499 0.7230 0.214 3,362 T.668 01956 0.1782
302 326.0 60.0 5e70 0.7230 0.401 3.057 7Te636 0.1786 0.2475
303 326,00 60,0 10 .00 00,7230 0.706 1.850 7.498 021101 N0.,1702
304 326+0 60.0 13.50 0.7230 0.906 1.328 T.436 0.0797 0.1467
305 326.0 60.0 15.00 0.7230 0.973 1.169 T.418 0,0703 0.1382

_306 326,0 60,0 17,40 0.72304141Q5_Q42bﬂ__lLlﬂé_Q;ﬂﬁﬁi_Q4lilL_
307 326.0 60.0 20.90 0.7230 1.142 0.758 T.376 0.0459 0.1093

. SYSTEM: N—HEXANE—NITRDGEN—HEAVY AND L IGHT PARAFFIN

1.046--94599 0.0486 0.7668

— OIL MIXTURE ( RATIO 2 :1 )
ABSORBER DIAMETER = 0.793 CM
APPROXIMATE YON = 0.0525 MlFa 7 12,331 0.0746 0 5%
308 165.0 30.0 5.69 0.8080 0.6 . . . .

309 16%.0 30.0 10.00 0.8080 1104 1.494 10.352 0.0644 0.0917

_31C 16550 30,0 15200 0.8080 1.524 1.051 9.098 0.,0515 00,0879
311 165.0 20.0 17.3C 0.8080 1 .677 0.911 8.807 0.0461 0.0848
312 165.0 30.0 22.30 0.8GC80 1.933 0.689 8,470 0.0363 0.0764
313 165.0 450 5.69 0,.9232 0.255 12036 9.997 00462 0.0530
314 165.0 45.0 10.00 0.9232 0.467 0.813 8.953 0.0405 0.0487

315 165.0 45.0 14,00 0.9232 0.685 0.665 B8.496 0.0349 0.0499

6

315 1e5.0 45.0 17.30 0.9232 0.800 0.571 8302 0.0307 0.0466
318 165.0 45.0 22+30 0.9232 dx%ﬁ%?gﬁﬁ§§%ﬁ§$&§pﬁoﬁp253?9?0420
319 165.0 60,0 5.69 0.8590 e 5552309 14,018 0.0732°0.1627
320 165.0 60.0 10.00 0.8590 1394 0.815.11564%10.0312 0.1207
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321 165.0 60.0 15.00 0.8590 1,530 0.377 10.231 0.0164 N.0921
322 165,0 60.0 17.30 0.8590 1.566-0e286. 9.862 0.0130 0.0829
393 165.0 60.0 22.30 0.8590 1.638 0,175 9.389 0.0083 0.72685
324 265.0 30,0 5.69 0.8457 02285-1+800 - 9.060 0. 0887 0.0917
325 245.0 30,0 10.00 0.8457 0.701°1.204. .8.341 .0.0644 0.1038
326 245.0 30.0 15.00 0.8457 0.877 N.821 7.977 0.0459 0.D813
327 24540 300 17.30 0.8457 0.931. 0+703 . 7.893 0.03%$8 0.0737
328 245.0 30.0 22.30 0.8457 1.114 0.521 . 7.795 0.0298 0.0667
329 2450 45.0 S.69 0.8608 0,122 1452 8.336 0.0777 0.0452
330 245.0 45.0 10.00 0.8608 0;590:1;068338.020;0.0594ﬁoa0961

331 245.0 45.0 15.00 0. 8608 0,693 0,787 7.860 0.0447 0.0691
332 245.0 45.0 17.30 0.8608 0.831.0.693. 7.823.0.0395,0.0703
333 245.0 45.0 22.20 0.8608 05854-0.540-"T7<780°0<031070.0543

334 245.0 60.0 5.69 0.8838 0.303 1.771 9.125 0.0866 0.1082
335 245.0 60.0 10.00 0.8838 0.554 1.113 8.665 0.0573 0.0883
336 245.0 60.0 15.00 0.8838 0.755 0.723 8.397 0.0384 0.0744
337 245.0 60.0 17.30 0.8838 0.830 0.609 fe327 0.0326 0.0696
338 265.0 60.0 22.30 0.8838 0.929 0.439 8,237 0.0238 0.0589
339 326.0 30.0 569 0.6505 0.681 4.102 7.894 0.2318 N.3432
340 326.0 30.0 10.00 0.65905 1.184 1.784 7.562 0.1053 0.2487
341 326.0 30.0 15.00 06505 1.408 0.916 7.394 0.0553 0.1781
342 226.0 30.0 17.30 0.6505 1,466 0.717 7.355 0.0435 0.1567
343 226.0 30,0 22.30 0,6505 14599 0.453 7.310° 0.0280 0.1278
344 326e0 45.0 5.69 0.7770 0.284 >.607 7T.753 0.1500 0.1522
345 326.0 45.0 10.00 0,7770 0.679 1.771 7.604 0.1039 0.1483
346 3260 45 .0 15.00 0.7770 0.948 1.221 7.528 0.0723 0.1232
347 326.0 45.0 17.30 0.7770 1.123 1.050 7.510 0.0624 0.1230
348 326.0 45.0 22+30 0.7770 1.168 0.784 T.490 0.3467 0.0954

3360 326.0 60.0 5.69 0.8298 0.029 1.843 7.799 0.1054 0.0l64
350 2326.0 600 9.98 0.8398 0.633 1.471 T.635 0.0860 0.1439

351 376.0 60-0. 15 .00 0.8398 0.696 1,164 7.539 0. 0689 0.0941
352 32640 600 17.27 0.8398 0.864 1.055 T.514 0.0627 0.0588

. 353 32640 60.0 22.27 0.8398 0.888 0.865 T.482 0.0515 0.0758
354 326.0 600 2400 0.8398 0.998 0.810 7T.476 0.0484 0.0783_

SYSTEM: N—HEXANE-NITROGEN-HEAVY AND LIGHT PARAFFIN
DIL MIXTURE ( RATIO | 3} )
ABSORBER DIAMETER - 8§;§3M gM

QEZR?iiTSTEQIEN c .69 0.9000 0.438 1.523 13.1379 0.0517 0.0626
356 165.0 30.0 10.00 0.9000 0 765 1.026 10.556 0.0432 0.0618
357 30.0 14.00 0.9000 1.055 0.75% 9.426 000357 0.0631
0 15,00 §.9000 249 0.0339 0,0609

S 2o 165.0 30.0 17.30 0.5000 1.228 0.603 B8.946 0.0301 0'%223
360 165.0 30.0 22.30 0.9000 1,33930,449,.8.594uo.0233wo.n766
361 166.0 45.0 5.69 0,9140 0,396 1.614 10.527 0.0684 °°6741
62 165.0 45.0 10.00 0.9140 0.74% 1.303 - 9.2600.0628 8.0774
63 1e510 4550 16100 0.9140 14108 3708 Glars 910220 00741
365 165.0 45.0 17.30 0.9140 1526502949 8.470 0.0500 ©.07=-
. .9140 1.532,07.784--8.298:0.0421 0.0665

323 igg'g 23:% 2%.2% %.8777 0;546:2,280;14q647¢0.069570,0819
- %518 11.966 0.0566 C.0885

——b—

369 15.00 0.877. ‘ 31 10400 Q505 010765
g;g ‘%?=?l,LWQ3}m;481§05039?;°%0739
372 245.0 30.0 5.69 0. i ot 2198-041191°021293

. % I

373 245.0 30.0 10.00 0.8337 O oG ks 72585 44970x09115051:350

.409‘0.0442i0;0808
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374 245.0 30.0 15.00 0.8337 1.237.1.222..8.070 0.0676 9J.1121
375 245.0 30.0 17.30 0.8337 1.332°1.062 77.982 0.0593 0.1031
376 265.0 30.0 22.30 0.8337 1.599 0.806 7.880 0.0457 0.0338
377 245.0 45.0 5.69 0.7844 0.587 3.210 B.543 0.1676 0.2057
378 245.0 45.0 10,00 0.7844 1.132 1.962 8.160 0.1073 0.1786
379 245.0 45.0 15.00 0.7844 1.460 1.249 7.966 0.0699 0.1420
380 245.0 #5.0 17.30 0.7844 1.560 1.045 7.921 0.0589 0.1289
381 245.0 45.0 22.30 0.7844 1.791 0.745 7.869 0.0422 0.1114

382 245.0 60.0 5.69 0.9177 0.027 0.861 9.273 C.0414 0.0091
383 245.0 600 10.00 0.9177 0.390 0.891

8. 766 0.0454 0.0605
384 245.0 60.0 15.00 0.9177 0.482 0.928 8,471 0.0489 0.0465

385 245.0 600 17.30 0.9177 0579 0.946 8.394 0.0503 0.0477
386 245.0 60.0 22.30 0.9177 0.869 0.987 8.295 0.0531 0.0541
387 2645.0 60.0 25.00 0.5177 0.802 1.010 266 0.0545 0.0442
326.0 30.0 5.69 0.7823 0.387 2.890 7.973 0.1617 0.1857
389 326.0 30.0 10.00 0.7823 0.765 24184 T1+627 0.1277 0.1563
V350 326.0 30.0 14.00 0.7823 1.131 1.736 7.476 0.1036 0.1520
0391 32640 30.0 15.00 0.7823 1.176 1.646 7.452 0.0985 0.1456
392 326.0 30.0 17.30 0.7823 1.231 1,463 7.412 0.0881 0.1396 .
393 22,0 30,0 22 .20 00,7823 Y.562 12157 7.265 00701 0.1227
394 32640 45.0 5.69 0.7415 0.621 4.159 7T.864 0.2359 0.3163
395 326.0 45.0 10.0C 0.7415 1.101 2,177 7.683 0.1264 0.2335
396 3260 45.0 15.00 0.7415 1.427 1.247 7.591 0.0733 0.1815
397 326.0 45,0 17,30 0.7410 1. 562 1,009 7.569 0.0595 0.,1678
398 32640 45.0 22430 07415 1.661 0.680 T.545 0.0402 0.1332
399 326.0 60.0 5.69 0.7183 0.626 4.527 T.873 0.2566 0.3323
_ 400 326,0 60.0 10.00 0.71334l;1é2_242Qﬁ__lLbsﬁ_Q;lﬁii_ﬂ;ziﬁé_
401 32600 60.0 15.00 0.7183 1.505 1.489 7.589 0.0875 0.1998
402 326.0C 60.0 17430 0.7183 1.606 1.218 7.562- 0.0719 0.1803
403 326.0 60.0 22430 0.7183 1.802 0,836 7,527 0.0495 01513
SYSTEM: N-HEXANE-NITROGEN=-HEAVY AND L IGHT PARAFFIN
[ OIL MIXTURE ( RATIO 1=3:@udoconms om o
ABSORBER DIAMETER = 0.793 CM
APPROXIMATE YCN = 00525 Ma.Fa
404 165s0 30.0 5.69 0.9400 0.155 0.95). 13.335 0.0318 0.0215
405 165.0 30.0 10.00 0.9400 0.430 0.978 10.680 0.0409 0.0339
406 16520 30,0 12.50 0.94Q0 0.899 1.002 0,622 00,0464 00,0546
407 165.0 30.0 15,00 C.9400 0.838 1.012 9.337 0.0483 DeN463
408 1650 30.0 1730 0.9400 1.048 1.027 9.025 0.0508 0.0509
409 165.0 30,0 22,30 0.9400 1.457 1.063 B.664 005467 00555
410 165.0 300 25.00 0.9400 1.358. 1.083 8.569 0.0564 0.046).
411 165.0 45.0 5469 0.9567 0.208 1.162 10.915 0.0475 0.0382
. ' 88 2 0.05&4
413 165.0 45.0 15.00 0.,9567 0.887 1.011 8. 144 0.0516 0.0569
414 1650 450 1730 0.9567 1qOQ&mthlﬂmra!57430'0509%090559
415 165.0 45.0 18.00 0.6567 1;225“0;968‘“8.535w0.0506 0.0653
416 1650 45.0 22430 05567 1.353 D.912. 8.3780.0486 0.0578
417 165.0 45.0 25.00 0.9567 1.357 o.p79yva.327‘o.o471wo.0515
418 1£5,0 60.0 5.69 0.9549 oa2§4$1;297”15,05L50q0384f0-0367
419 1650 600 10.00 0.9549 o;*@119--2-'.1;-.\_193.:;1:12'.190 ’0..0436__“_‘0.0494
420 165.0 60,0 15.00 0.9549 0.907 'sos7ﬁ10.529,q.0960.o.oszz
421 165.0 60.0 17.30 0.9549 1.003: % 10.095 ,0.0461.0,9511
422 165.0 60.0 20,00 0.9549 g9q744;030455§0-0569
423 165.0 60.0 22.30 0.5549 19,539 040447; 0.0539

——
‘..

-

424 165.0 6040 25,00 0.9549 1s t9.913 19.374 10,0435 0.0528
425 2450 3040 569 0.8800 O : ﬁ231é9%1;1Q§°1 ;9’

#4007 ”2 12
426 245.0 30.0 10.00 O.8800 1g0R0rles 3.{182:8%2.0.015 1428

—
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. 427 2450 30.0 12.00 0.8800 1;201~1.053gf3.238-0.0570~o.1258
428 245.0 30.0 15.00 0.8800 1,217.0.874 . 8.122 0.0480.0.1087
429 2650 30.0 17.30 0.8800 1,268 0.72C 8.032 0.0400 0.0969
430 245.0 30.0 18.00 0.8800 1,373 0.681 B8.011 0.0379 0.1005
%431 245.0 30.0 22.30 0.8800 1.413 0.499 7T1.927 0.0281 0.0819
432 245.0 45.0 5.69 0.9297 0.081 0.958 8.6B86 0.0492 0.0274
433 245.0 4500 10.00 0.9297 0.257 0.868 B.250 0.0469 0.0551
%434 265.0 45.0 13.00 0.52%7 0.498 0.812 8,095 0.0448 0.0562
435 245.0 45.0 1500 0.9297 0.3522 0.778 B8.029 0.0433 0.0499
436 245.,0 45.0 17.30 0.9297 0.664% 0.742 7.978 0.,0415 0.0541
%3] 245.0 45.0 22.30 0.5257 0.680 0671 7.918 0.0378 0.0418
438 245.0 45.0 22 .50 0.9297 0.789 0.668 7T.917 0.0376 0.0480
439 245.0 60.0 4,99 0.9273 0.080 1.482 9497 0.0696 0.0331
240 245.0 60.0 5469 0.9273 0.295 l.443 9.371 0.0687 0.09890
441 245.0 60.0 10,00 0.9273 0.517 1.233 B8.830 0.0623 0.N78B8

15.00 0.G273 0.719 1.041 8.515 0.0546 0.0685

a3 245.0 60.0 17.30 0.9273 0.788 0.968 8.433 0.0512 0.0641
Yo 24 245.0 60.0 22.30 0.5273 1.023 0.833 B8.328 0.0446 0.0631
CLLS 326.0 30.0 S5.69 0.8086 0.434 3.210 8.020 0.1786 0.2024
446 326.0 30.0 10.00 0.8086 0.900 2.367 7T.665 0.1378 0.1808
447 326,00 30,0 15 .00 0.8086 1.308 1.747 2.485 0.1042 0.1595
448 326.0 30.0 17.30 0. 8086 1.457 1.541 T.443 0.0924 0.1509
449 326.0 30.0 22.30 0.8086 1.723 1.202 7.394 0.0725 0.1339
450 326.0 45.0 5.69 0.7151 0.839 5.305 7.939 0.2981 0.4135
_45)] 326.0 45,0 10.00 0.7151 _1.507 2,601 Ta.732 0.1501 0.3139
452 326.0 450 1500 0.7151 1.834 1.431 7.628 0.0827 0.2301

© 453 326.0 45.0 17.30 0.7i51 1.923 1.143 7.603 0.0671 0.2040
454 326.0 45,0 22430 0.7151 2,129 0.755 T.375 0. 0445 0.1689
455 326.0 60.0 5.69 0.7189 0.839 5.762 7.925 0.3244 0.4324
456 326.0 60.0 10,00 0,7189 1.538 3.031 7T.734 0.1749 Q.3344 -
457 32640 60a0 15400 0.7189 1.925 1,742 T.623 0.1020
458 32600 60.0 17.30 0.7189 2,036 le4ll T<59 0.0829 0.2258
459 2326.0 60.0 22.30 0.7189 2.273 0.952 7.556 0.0562 0.1888
SYSTEM: N—HExANE-HELIUM-LIGHTggyggffgy;gny;ﬁ
T ABSORBER DIAMETER = 0.793 CM : .

© APPROXIMATE YON = 0.0525 M.F.

460 16500 30.0 699 0.9329 le361 3.537 12.678 0.1245 0.1613
46]1 165.0 30.0 10.00 0.9329 1.932 2.725 18.945~o.1211 0.1652

463 165.0 30.0 15.00 0.9329 2.600 1.881 9,512 0.0882 .
464 165.0 300 1735 0.9329 2.846 1.614 9.173 0.0785 0.1511
_ 465 165,00 45,0 7.00 0.9672 0.489 1.823 11,221 0,0725 00,0711
T 466 165.0 45.0 10.00 0.5672 0.882. 1.711 10.027 0.0761 0.0895
467 1650 45.0 13.05 0.9672 1.082 1.606 9.322 0.0769 0.0854
L9672 126 . 9. _0.0763 15

469 .0 45.0 17.35 0.9672 1.430 1.475 B8.803 0.0748 0.08
430 }22,3 42.0 18 .55 0;9672.1,519@;.441w48-717wo.o733wo.oesv

© 471 165.0 60.0 1.00 0. 9640 03458“1;814“14;840ﬁo.osas 0.0544

4. . 0 10.00 0.9640 00814 1.689,12.75770.0591 0.0702
41% 123.3 2%.3.%2.05 0.9640 05980 1ig}5gt1;411&o,g§;g\o.osga
474 165.0 60.0 15,00 0,5640 1 éaﬁré503;}93822:939622,0-9725
475 165.0 600 1735 0. 35*133}3@&0-308 0.0620 0.0743
476 245.0 30.0 4.99 0.9297 0j858r6 54 93@@3:9139?°=033757
477 _245.0 30.0 700 0.9297 1+310¢ 3~L39E0.2560,pp3;98

478 245.0 30.0 10,00 0.9297 ,8§6;2£QEZQ223953129_

s
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479 245.0 30.0 13.00 0.9297 2.519°3.041 . 8.344 0.1626 0.28T7Y "
480 245.0 30.0 15,00 0.9297 2.727 2.610 ' 8,221 0.1416 0.2658
%48l 245.0 300 1750 0.9297 2.963 2.189 B8.118 0.1203 0.2443
. 482 245.0 45.0 4.99 0.9625 0.279 2,525 9.203 0.1224 0.1216
483 245.0 45.0 T7.00 0.9625 0.437 2.882 - 8.826 0.1457 0.1139
484 245.0 45.0 10.00 0.9625 0.913 3.577 8.464 0.1885 0.1511
485 245.0 45.0 15,50 0.S625 1905 5.7l 4 " 8.146 0.3130 0.1910
486 245.0 45.0 17.40 0.9625 2.406 6.919. B.092 0.3834 0,2123
487 245.0 60.0 7.00 0.9673 0.180 1.457 9.372 0.0693 0.0467
488 245.0 60.0 10.00 0.9673 0.440 1.882 8.977 0.0935 0.0725
489 245.0 60.0 15.00 0.9673 0.898 3.153 B8.610 0.1634 0.0935
490 245.0 60.0 17.40 0.9673 1o 462 4e277 8.511 0.2242 0.1296
491 245.0 60.0 20.80 0.9673 1.679 7.275 8.420 0.3855 0.1228
492 245.0 60.0 20.80 0.9673 2.070 7275 8.420 0.3855 0.1513
%93 326.0 45.0 4.95 0.9548 0.31) 4.818 8,204 0.2620 0.2027
494 326.0 45.0 T.00 0.9548 0.760 4.884 B8.024 0.2715 0.2779 .
495 326.,0 45.0 10.00 0.9548 1.087 4,984 7.851 0.2832 0.2426
496 326.0 450 11.00 0.9548 1.693 5,018 7.811 0.2866 0.3346
4S7 326.0 45.0 1350 0.9548 1.870 5.105 7.738 0.2943 0.2879
498 326.0 45;Q_l2;QQ_Q;22&§_2;lQ2_24l2§..1;12§_9:22§§_Q;;§23_
\999 326.0 450 17.40 0.9548 2,580 5.245 1674 0.3049 N.2955
Y500 32640 45.0 17.50 0.9548 2.400 5.248 7.673 0.3052 0.2731
O5C1 326.0 60.0 4.99 0.9584 0.336 4.107 B8.104 0.2261 0.2316
502 326.0 60.0 7.00 0.9584 0.589 3.729 7T.967 0.2088 0.2268

Q0

0.9584 0.788 3,254

7.826 01855 0,1843

_503 326.0 6040 10.0C
504 326.0 60.0 14.00
505 3260 60.0 15.00
506 326.0 60.0 17.40

_507 326.0 60.0 25450

0.9584 1.448 2.750
0.9584 1.428 2.642
0.9584 1.802 2.408

7.715 0.1590 0.2235
7696 0.1532 0.2032
7.660 0.1402 0.2159

0.S584 2.079 1.812 T.603

SYSTEM: N-HEXANE-HELIUM=—

ABSORBER DIAMETER

0.793

HEAVY | PARKFFEIN:OIL
CM

APPROXIMATE YCN = 020525 MaFa

508 165.0 30.0 6.99 0.

509 165.0 30.0 10.00

gel4a 0.470 1.
8614 0.790 1.236

536 11.321 0.0605 0.0681
O.

Q 13.00 0.8614% 0,963 1.016

9.912 0.0556 0.0800
9,093 0.,0498 0.0766

511 165.0 30.0 15.00 0.8614 1.051 0.900 BeT747 0.0459 0.0733
512 165.0 300 17 .40 0.8614 1.133 0.786 B8.467 0.0414 0.0687
513 165.0 30,0 20,80 0.8614% 1.317 0.658 8.230 0.0357 0.0670
514 1650 450 699 0.8932 0.312 1.177 8.850 0.0593 0.0628
515 165.0 45.0 10.00 0.8932 0.520 1.006 8.398 0.0534 0.0675

2 .8932 0.703 0.870 8.135 0.0477 0.0673

517 165.0 45.0 15.00 0.8932 0. 747 0.794 B8.024 0.0441 0.061
518 165.0 45.0 1740 0.8932 o.811ﬁ0,3;5§57,935¢0.0402¢o.05:o
519 165.0 45.0 20.80 0.8932 0,967 0.622 7.859-0.0353 0.0560
520 165.0 60.0 7.00 0.8985 0s443 1.372.12.37570. 0495 0.0689
521 165.0 600 10.00 0.8985 0:6l4 0,987g11;09350.0397n0.0652
527 165.0 6040 13,00 0.8685 0;739ﬁp;744¢50,27739,032350.0611
523 245.0 30.0 7.00 0.8434 04317 1.644" 8,499 o.oeeawo.ogog
524 245.0 30,0 10.00 0.8434 o;5§o§1;3757;a,p91¢o.o758 0.0996
555 245.0 300 13.00 0.8434% 0;735&L71§8¢37ﬁ853?0.0664¢O.0957
526 245.0 30.0 15.00 0.8434 09793kxp0551]7§753f0q0607:0.0876
527 245.0 30.0 1740 0.8434 oa8¢3~0,9332;7,67;;0.054@,0,0806
528 245.0 30.0 25.50 0,8434 1,167 ngﬁag31-556;0-039230-0714

529 245.0 450 4

530
531

.99 0.8665
245.0 45.0 7.
245.0 45.0 10.

03145
00 0.8665 0532k
00 0.8665 0§25

013 (0.0950 0.0868
87170.0801::041152

ww1ﬂ134%0?063390¥0§§?
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. 532 245.0 45.0 13.00 0.8665 0.589. 0,878 T7.655 0.0512 0.0834
532 2450 45.0 15.00 0.8665 N.635 0,766 Teb621 0.0N448 0.0756
534 245.0 450 17 .40 0.8665 0,696 0.658 7.594 0.0386 0.0696
535 2450 45.0 25.50 0.8665 0.873 0.423 7.555 0.0250 0.0566
536 2450 60.0 4.99 0.8667 0.233 2.271 8,937 0,1134 0.1321
537 245.,0 600 700 0.8667 0.406 1.724 BR.702 0.0884 0.1274
538 245.0 600 10.00 0. 8667 0.518 1,211 8,459 0.0639 0.0986
539 245,0 60,0 13.00 De8667 0.698 0.898 8.305 0.0482 0.9962

540 245.0 60.0 15,00 0.8667 0,734 0,752 8.234 0.0407 0.0855
541 245.0 60,0 17.40 O.B667 0.803 D.619

.173 0.0338 N.,N788
542 2450 60.0 25450 0.8667 0.935 0.360 8.074 0.0199 0.0600

543 326.0 30.0 7.00 0.8263 0,333 1,998 7.603 01172 0.1419
S44 3260 30.0 10.00 0.8263 0474 1,643 7.413 0.0989 0.1182
545 326.0 30.0 15.00 0.8263 0.751 1.231 7.256 0.0757 0.11l17
546 3260 30.0 17,40 0.8263 0,873 1.086 7.218 0.0671 0.1087
\547 326 .0 30.0 25.50 0.8263 1,091 0.749 7.165 0.0466 0.0875
WVeug 326.0 45.0 T.00 0.8124 0.486 2.599 7.504 0.1545 0.2198
0549 326.0 45.0 10.00 0. 8124 0,678 1.756 T<439 01053 N.1765
550 326+0 45.0 15.00 0.8124 0.914 1.044 T.385 0.0631 0.1397
251 326.0 4540 17.40 0.8124 0.997 0.848 7. 372 0.0513 0.1273
552 3260 450 25450 0.8124 1.155 0.476 7.353 0.0289 0.0945
553 326.0 60.0 7.00 0.8223 0.485 2.632 7T.568 0.15%2 0.2277
554 326.0 600 10.00 0.8223 0.677 1.722 7T.481 0.1027 D0.1831
565 22640 6020 15,00 0.8223 0,890 0.991 72401 0.0597 0.1418 '
556 326.0 60,0 17.40 0.8223 0.962 0.796 T.379 0.0481 0.1281
557 32640 60.0 25.50 0.8223 1.106 0.436 T.344 0.0265 0.0947

ﬁ—
SYSTEM: N-HEXANE- FREON=14=LIGHT PARAFFIN DIL
ABSORBER DIAMETER = 0.793 CM
APPROXIMATE YON = 00525 Ma.Fa

TS558 245.0 30.0 499 0.8138 0.230 1.958 9.663 0.0904 0.0753
259 245.0 30.0 7T.00 0.8138 0.543 1.851 9.139 0.0903 0.1073

Se0 245.0 20,0 10,00 0.8138 0.701 1,706 8,637 0.0881 0,0970
2 545.0 30.0 12.00 0.8138 0.955 1.578 B.344 0.0844 0.0906
267 245.0 30.0 15.00 0.8138 1.327 1.500 8.221 0.0814 0.1076
563 245.0 30,0 17 .4 8138 1.358 8.121 0.07 .093
564 245.0 30.0 20.70 0.8138 12597 1.308 8.038 0.0726 0.091%
Ces 245.0 30.0 25.50 0.8138 1.913 1.173 7.979 0.0656 0.0875

SYSTEM: N-HEXANE-FREON—14—HEAVY PARAFFIN OIL

ABSORBER DIAMETER = 0.793 CM

APPROXIMATE YON = 0.0525 M.Feo

566 245.0 20,0 4.99 0. 7963 0.106 0.951 B8.919 0.0476 0.0444

567 245.0 30,0 7.00 0.7963 0.212 N.851 B.49% 0.0447 0.0503
: ‘ 1

569 245.0 30.0 15.00 0. 7963 0.564 0.576 T.748 0.0332 0.N515
570 245.0 300 1740 0.7963 0.551 0.519 7.667 0.0302 0.0425
571 _245.0 30,0 25,50 0.7963 0O 741 0379 7.552_gégggﬁ_gég;;51
~ SYSTEM: N-HEXANE—NITBDQEN-LIGHT pARAFFIN OIL
ABSORBER DIAMETER = 0.594M gM _
APPROXIMATE YON = 0.0525 MaeFa
572 16540 30.0 500 0.,9142 0.440 3.479 164389 0.0947 0. 0935
573 165.0 30.0 775 0.9142 0.930 3,211 14.067 0.1018 D.1173

33
275 165.0 30.0 14000 0.9142 1.708 2.706 11.622 0.1039 0.12
76 165.0 30.0 15.00 0.9142 1.682% 2.636 11.428 0.1029 0.1235
577 165.0 30.0 20,90 0,9142 2474 186




578 1650 45.0

579 165.0 45.0 T.75 O.
5 s

581 165

584 165.0 45.0 20.80 O.
585 165.0 60.0 5.00 O.
586 165,0 60,0
587 165.0 60.0 11.00 O.
588 165.0 60.0 14.00 O.
589 165.0 60N 15.00 O.

775 0.8147

261 -

8682 1,680
2 6

0O 45,0 14.00 0.8682 2.820 4.013 10.813 01656 02371
582 165.0 45.0 15.00 0.8682 2.932-

583 165.0 45,0 17 .50 0.8682 3,359

8682 3.696
8147 1.091

8147
8147
8147

560 165.0 60.0 20.90 Q.
591 245.0 30.0
592 245,0 30.0 7.75 O.
593 2450 300 11.00 N.

594 245.0 30.0 14.00 0.9086

595 245.0 30.0
596

«C0 _O.

5.00 0.9086

gia?

0.759

2086
9086

9086

1.856.
2,619
34145-
3,297
44038,

Be1T1l:
3.905.
,2.755@11;497,0c1069i0.2177

04305%

5.00 0.8682 0.783. 6.589 14.105 0.2084 0.2098

5.587 12.501 0.1994 0.2585
6 9 829 5

3.825
3.407
2953

104679 0.1598 0.2303
10.433 0.1457 0.2260
10.240 0.1287 0.2086
8.528 18,546 0.2052 0.2396
6+662 15.920.0.1867°0.2418
5,151°13.937 0.1649°0.2466

124794 0e1454-002410
12.514 .0.1392.0.2382

Ap051:11;51e}o.1564;0.1447

<654/10.903 :0.1495: 0.1825
3.25010.438 041389, 0.1602

1?3#ﬁ§2s935££0£19329512843061585
1.564-24840-10.137 041250 -0.1571

245.0 30,0 1775 0.9086 15561;2;601;10;026:0;1157;0.1503
597 245.0 30.0 20.90 0.9086 159502.362" 9.95170.1059°0,1.469
508 245.0 45.0 Ts715 0.9521 0.268 2.366 10.358 0.1019 0.0718
590 2465.0 45.0 11.00 0.9521 0.586 2.400 10.022 0.1068 0.1003
600 245.0 45.0 14.00 0.9521 1.070 >.431 9.846 0.,1102 0.1378
601 245.0 45,0 15,00 05521 0.909 20442 9.806 0.1111 0.1081
602 245.0 &5.0 20+90 0.9521 1.277 5.507 9.671 0.1156 0.1047
603 245.0 45.0 25.00 0.9521 1.650 2.553 9.634 0.1182 0.1111}
604 265.0 600 Te715 0.9210 0.965 4.484 10,947 0.1827 0,2578
505 2450 60.0 11 .00 0.9210 1.322 3.222 10.57) 0.1360 0.2261
606 245.0 600 14.00 0.9210 1.568 2.476 10.355 0.1067 0.2026

607 245.0 60.0 15.00 0.9210 1.637 2.285 10.301 0.0989 0.1955
608 245.0 60.0 20490 0.9210 1.953 1.503 10.109 0.0663 0.1616
609 326.0 30.0 5.05 0.8292 0.335 6.758 10,119 0.2979 0.2507
610 326.0 30.0 775 08292 0.963 6.181 9.815 0.2809 0.,3388

(o1l 326.0 30.0 70.00 0.8292 1261 5.755 9.654 0.2660 0.3104

\Wei2 326.0 30.0 14.00 0.8292 1.723 5.099 9.488 0.2398 0.2775

0513 326.0 30.0 15.00 0.8292 1.913 %4.953 9.462 0.2335 0.2836
614 326.C 30.0 17.00 0.8292 2.141 4.678 9.422 0.2215 0.2739
6158 326.0 30,0 20 .90 N. 8292 2. 6385 4,.20% 9. 376 0-?021 0-;(;22
616 326.0 45.0 5.05 0.8507 0.416 7.110 9.832 0.3226 O.

617 326.0 45.0 775 0.8507 0.838 6.114 9.608 0.2839 0.3150
618 326.0 45.0 10.00 0.8507 1.225 5.436 9.488 0.2556 0.3207
619 22460 45,0 14 .00 0. 8507 1 .742 4 4681 9.365 00,2135 02972
620 326.0 45.0 15.00 0.8507 1.796 4.281 9.346 0.2044 0.2819
621 326.0 45.0 20.90 0.8507 5.286 3.336 9.282 0.1603 0. 2436
622 326.0 45.0 25..00 0.8507 2 . 693 2,852 9,265 01373 0.2343
623 326.0 60.0 5.00 0.8928 0.364 5.927 9.783 0.2703 03146
624 326.0 60.0 Te75 0.8928 0.625 5.289 9.607 0.2456 0e2449
625 3260 £0.0 10,00 0. 8628 (0a.95%4 4.841 9,508 0.2271 0.2600
626 326.0 60.0 14,00 0.8928 ). 460 4.173 9.398 0.1981 0.2605
627 32640 60.0 1500 0.8928 1.49i 4.023 9.379 0.1916 0.2439
9 9

9,211 0.1585 0.2201

~ OGEN-HEAVY PARAFFIN OTL "

ABSORBER DIAMETER

= 0.594 CM

5.00 Oe

469 14.182 0

629 165.0 30.0
630 165.0 30.0 7.75 O.

Fa ‘
8552 0.165 1
8552 0.385 1.

088 12.297 0.

«0462 0.0463
0395 N.0602



631 165.0 30,0 11,00 0,8552 0,473 0,803 10,995 0.0326 0.0513
632 165,0 30,0 14,00 0.8552 0.569 0.628 10.312 0.0272 0.0488

633 165.0 30.0 15.00 0.8552 0.597 N.582 10.154 0.0256 0.0479
634 1650 30,0 20,80 0,8552 0.710 0.395 9.638 0.0183 0.0410
635 165.0 30.0 25.00 0.8552 0.788 0.310 9.489 0.0).46 0.0376
636 1650 45.0 Te75 0.9014 0.170 0.685 10.343 0.0296 02.0344

901 & 8 9,927 0.0262 00,0329

538 1650 45.0 14.00 0.9014 .0.319 0.507 9. 709 00233 0.0N315
639 1650 600 Te75 0.9175 0.371-0.751.-13.456 0.0249:0.0286
640 165.0 60.0 11 .00 0.9175 0,256 0.645 12,241 0.0235 0.0292
641 1650 600 14.00 0.9175 0.222 0.566_11.5410.0219 0.0289
642 1650 60«0 15.0C 0.9175 04344 0.542 11,369 0.0213 0.0288
643 165.0 600 17.50 0.9175 0.2392.0.490 11.038.0.0198°0.0282
644 245.0 30,0 7.75 0.7859 0,935@15765f59.784‘o;oaosj0.1306
645 245.,0 30.0 14.00 0.7859 0?668§O3787: 9.208f0.038150.0928
646 245.0 30,0 15.00 0.7859 0;691§O.710§.9»162}0.0346"0.0885
647 245.0 30,0 20.90 0.7859 o;ﬂszyo.eztgﬁ9g011;0.0209*0.0693
648 245.0 45.0 5.00 0.7804 0¢330.%4,126" 9,648 :0.,19083 0.2471
649 245.,0 45,0 7,75 0.7804 04585?25269ﬁ;9.465:0.1069,0.1921
650 245.0 45.0 14.00 0.7804 0.894.:0.901: 9.274:0.0433 0.1305
651 245.0 45.0 15.00 0.7804 o;eevvofao3é;9,253;0,0387;0.1190

652 245.0 45.0 20.90 0.7804 0&977@0@4542*9520810-0220;0.0885

653 245.0 45.0 25.00 0.7804 1;Qﬁi;ﬁgaBo;;9-194;0¥0160;0.0771

654 245.0 60.0 5.00 0.8664 0516452685 10.40170.1152°0.1064

655 245.0 60.0 T75 0.8664 0,358 2.204 10.096 0.0974 0.1162

656 2450 60,0 11.00 0.8664 0.558 1.785 9.866 0.0807 0.1107

657 245.0 60.0 14,00 0. 8664 0.688 1,497 9. 734 0.0686 0.1010

658 245.0 600 15.00 0.8664 0720 1.416 9.701 0.0651 0.0973
659 245.0 60.0 19.00 0.8664 0.909 1.150 09.611 0.0534 0.0931
660 2450 600 20.90 0.8664 0.876 1.049 9.583 0.0489 0.0805
661 32640 30.0 5.00 0.6483 0.297 5.855 9,202 0.2839 0.3466
662 326.0 20.0 7.75 0.6483 0.593 3.709 B.950 0.1849 0.2651
663 326.0 30.0 14400 0.6483 1.029 1.731 B.684 0.0889 0.1957
664 226.0 30.0 15.00 0.6483 1.057 1.568 B8.663 0.0808 0.1842
665 32640 30.0 20.90 0.6483 1.236 0.950 8.593 0.0493 0.144)

C 566 326.0 45.0 5.00 0.7113 0.304 6.059 9.206 0.2936 0.3697
667 3260 45.0 T.75 0.7113 0.571 3.45% 9.120 0.1690 0.2620
\668 326.0 45.0 14.00 0. 7113 0.977 1.425 9.029 0.0704 0.1869

WVE59 326.0 45.0 15.00 0.7113 0.974 1.275 9.022 0.063) 0.1704
CBTO 326.0 45.0 20.90 0.7113 1.101 0.733 8.998 0.0363 0.1281
671 326.0 60.0 5.05 0.7807 0.232 5.128 9.106 0.2512 N.2898
612 326.b 650 .0 Z2.7%5 0.1807 0,449 3,412 9.000 0.1691 N2180
673 326+0 60.0 10.00 0.7807 0.658 2.564 B.940 0.1280 0.2124
674 326.0 6040 14.00 0.7807 0.906 1.677 B8.872 0.0843 0.1 841
675 326<0 600 15.00 0.7807 N.883 1.527 B8.861 0.0769 0.1641
676 32640 60.C ZQ!QQ ggzggz 1.025 N.948 |, 819 -

SYSTEM: N—HEXANE-NITROGEN-LIGHT PARAFFIN OIL
ABSORBER DIAMETER = 1.oooM iM
APPROXI MATE YON = 000525 MeFe ,
677 165+0 300 . 500 0.9517 0. 460 1,896 12,478 00,0578 J.0583
678 165.0 300 Te63 09517 0,985 2e537 10. 235 0. 1106 q.oeza

. 3,969 8553 062379 Ne1228
679 165.0 30e0 1100 09517 16971

7 B8, 988 Te434 065394 Ne2l0l}

680 165.0 30e0 15450 009517 4437 Be
681 165.0 4500 501 09620 0,448 1e884 106745 0.0782 00722
682 165:0 45:o 7:65 0.9620 0902 20163 9,197 D150 0.0922
683 165.0 450 1le03 049620 1,575 2. 635 8. 038 0. 1461 0,1143




634 16560 4560 1550 09620 24733 34539

263 -

74271 062172 0o1469
. 685 16540 6060 Se71 009614 0,439 1,673 14,305 27,0522 J,0%455
686 1650 60e0 Te63 09614 0e741 1,795 12. 561 O, 0637 0. 0593
687 16500 6000 11,00 069614 14248 24042 104489 D.0869 060752
698 16500 €00 15450 009614 1,970 2,463 8,938 01229 0,092°
680 1650 600 18450 09614 2,648 2819 84356 061505 0e1094
690 245¢0 30e0 4096 008845 14013 44575 7,678 De2559 063142
691 2450 2040 Se67 0o8845:14265 4,229 Te470 0e.252% 063215
692 2650 3000 Teb& 0e8845 1e6B0 34448 7Te01l5 02193 0o 2907
693 24500 2000 12600 0. 8845:2e581724334%..54432 041519 202704
694 24560 3060 1550 Oe 884534075 1. 789 , 64203 001287 0e2%52 _
695 245.0 3060 2000 D.8845:3.508 14229 6. 058 0. 0979 0,2)49°
696 24560 60s0 4e97 09433 04233 16757 8,000 042380 Je0776
697 2450 60,0 Tab4 o.9433;oa66qﬁ1.618757.513;0.0951 Delld%
598 2450 600 1550 0.943351‘226;;.2935§6.eze;o.oeas,0.0999
699 245.,0 600 21le80 Oe 9433110815 1098 54642 003738 D.1032
700 2450 6060 25650 0.943331.88271.004%~6;59130.067940.0901i
701 3260 30e0 5402 0.731950}657_53194ym6.213 003730 0O 2265.
702 22660 200 Te b4 0.7319“1.680“5.209““S.915~0.3929“D.@393
703 32600 3000 11,00 047319 2.361 5,228 Ss 691 064099 03971
704 3266 O 300 50 e 254 <541 044230 Oe%
705 32660 4500 4097 08363 0.516 3¢ 657 60491 02720 0e251%2
706 32660 450 Teb4 08363 1,168 34550 66265 02528 Oe 3017
0T 326. 0 450 15650 Oe 8363 2324 5,658 54988 0e198) De2515
708 22640 45.0 21e80 0e 8363 3,167 2,165 50928 061530 002337
700 32640 60.0 4e97 008385 00631 4e36) 64335 043070 003423
710 326, 0 €000 Te64 0Oe8385 1.164 3537 64163 D0e2561 De3193
711 22640 6000 1.5.50 0e8385 2239 2,117 5 920 01595 042560
712 32600 600 2180 008335 2,810 14517 5.854 041156 Oe 2194

“SYSTEM: N-HEXANE-NITROGEN-

ABSORBER DIAMETER

1.000 CM

HEAVY . .PARAFFIN:

DIL

- APPRCXIMATE YON = 000525 Me Feo

0,210

713 165.0 20,0 Te63 08672 0,512 09.476 040241 00205
714 165.0 300 11,00 08672 00433 0.555 8. 111 0. 0305 0. 0206
715 165.0 2040 15050 0o 8672 00601 0s 622 7,201 0,0386 040215
1o 1650 300 21480 0e8672 16002 00738 be 707 O 0491 0. 0385
717 165.0 4500 4e95 0e8332 04206 04946 70607 200555 040532
718 165.0 45.0 Te63 08332 0,443 0o 813 7. 013 00517 0.0624
719 165.0 4540 11.00 08332 00630 0. 682 64578 0,0463 040596
720 165.0 4500 15050 0o8332 00845 0.551 65288 040391 040554
721 165.0 45,0 21e80 0,8332 10149 0.423 65130 0,0308 0,0526
755 16500 45+0 25400 08332 1.160 0.374 66097 040274 00459
723 165.0 60.0 7o 63 O.8781ﬁOo102,0,447¢10.512Q3f3190¢0.0105
754 165.0 60,0 11,00 0878170326 00499 9 243 040241 0.0237_
—755 165.0 60.0 15450 0.8781:04516 06586 Be294. 0,0315 000278
. 726 16540 €060 21.80 0.87815;;;_0. 820 O. 750 Te 692 040%35 0.035)
727 1650 600 2500 O.8781§0.846f0.8613ﬁ7.546“0.0509¢0.0223_
728 24500 200 5602 0. 5682 04407 20418° Tettl Delt5) O°i 88
729 245.0 3040 Teb64 o.568290;?57w230437365917f0-131830- 5 >
730" 24540 300 1250 0.5682;1}33L71.545ﬂ56.4Q910o1072;0’1225_
731 2450 3040 15450 0.5682&15673}1-3233;5q258,°9094-}9-%221
732 245.0 30.0 21.80 0-5682;2;114ﬁ0m9895;65114 090722;0,1557
733 2450 4500 %97 0.5557%0‘;3@;2.}35;Egtaooio,%gégég.lsog_
5450 45,0 Te64 0s6557 00695 6 .}Zi;%11f45;091430
135 245.0 45.0 12,00 0.6557¢leblZ. D O 1h 0.1368
736 245.0 4540 15400 006557 11s388=le> -59909-:091018::01365 _




737

- 2%2 -

35,0 326

T.827 0O, 2664

54540 4540 21.80 0.6557 1a881 1,038 5,854 0,079 00,1213 .
738 24540 6040 4e97 046899 04230 1,798~ 7.405 0,1083 0.0964

139 24540 60e0  Te64 0.6899 04584 1.742 7.107 0.1997 De1231
T40 2450 6060 15050 066899 16269 1. 591 6. 688 0,105 0Oe1ll1l24:
741 26560 6060 2180 046333 1le861 1,484 66574 061007 01130
742 22600 30e0 4698 006229 0275 24420 60320 De)l708 061679
743 226.0 3040 Te64 046229 0.645 20165 6. 073 0.1590 0. 1846
744 3264 C 30e0 15450 046227 14379 14610 5,769 01245 0.1584

145 22660 300 2180 0.6229 1.882 10306 Se703 061022 001453
746 3260 450 Teb4 0e6 788 04458 1770 5o 773 0e 1368 041442
747 32660 4560 15450 06788 1108 1509 54669 001188 Jel356
748 32660 450 21480 0.6788 1,561 1l 340 50 6466 061059 061282
749 3260 6060 " 4e98 006720 00186 1le.88€ 6110 01378 0.1281
750 22600 6060 Te 64 006720 06469 1,798 56005 01336 Del4B4

226,00 6060 15,50 046720 1,066 1,569 50856 041195 0.1320

152 32600 6000 21.80 066720 1539 14416 5.816 0,1086 0.1283

Table 2-6
Kogle and Koca Values for H > 25 cm
NO. "H G QL Slope F Lg Ag KOGﬁe KOG%:

. ) - ) . ) N 10° . .
SYSTEM N—HEXANE-NITRUGEN-HEAVY PARAFFIN OIL x x10
Absorber Diameter = 0.793 Cﬁ: .

«APPROXIMATE YON = 000230 Me.Foe ,

1 29¢3 245.0 300 0.1750 5470 276 54,319 00623 0.0117.
2 33,5 245.0 300 0Oe 1950 6 60 204l 44657 0.0538 00115
3 37«7 24560 30,0 01950 8620 1le97 3,840 0.0433 0o 0¥132
4 30s7 2450 4500 001752 B8e1l0 le29 3,881 040394 00102
S 3541 2450 4540 001752 9,50 1,72 3,378 0,0335 0. 0093
6 3946 24500 45,0 01752 12600 1329 2772 0.0266 0.0096' 
7 297 2450 60e O 0e2465 700 228 4 o618 040542 D.0145
8 A4 2450 600 002466 Te20 2622 40308 0. 0624 0.0145
9 368 2450 5060 002456 T 5D 2013 440154 000599 0.0144
10 29,8 22640 30,0 0.2651 4630 4e76 9,025 02058 0.0228
11 350 326.0 30.0 03651 4690 4e20 7. 977 0,1806 000226
12 3T7e6 32660 30,0 03651 550 3675 7,158 061509 0.0235
13 3069 32600 45,0 0.2793f@6-6OMf3-15ft6.043:0.1025,0.0173

‘14 33,6 32640 450 062793 6470 “3.11_45.959 O.loil 0.01'3_
15 36e & 22660 4500 0.2793 6480 3.36{-5.879”0.09,5 0.0%37
16 29.1 3260 6060 0. 2867 5.40/{3o82f]7.282;0;1287 050176_
17 348 3260 600 0.2857a,5.90w'3.51;76,704;0.117830.giig_
18 A7 6 3266 0 60 O 0.2867:ﬂ5.40/.3025 6,217 01086 Do |

 APPRGXIMATE YON = 060530 MeFoer o = = i/ ' _ : ;

. 19 293 24540 3000 004343 ;5.707w2.767w5.319 Ooigfs'g.ggg%_
20 2345 245. 0 300 Oe 43’93 . be 50 - 2.‘0‘? . 4.722 : Oo 77 oo 0252
2). 37e7 24540 30.0 0.4342"g.ggip}.gga 3.325_8:2377 O 07

o o 4500 0.529 oL . . e e . A

%g gg.; %:Z.g %45¢ 0 Oe 5298 ,9.Sg’~i.:% ;.g;$.g.hggg g.%%gi

26 29,7 2450 60e 0 065929 '7'°°3Q2‘23 ;4-41 001500 0003£§_

56  34e4 2450 600 0.5929 ;7.zof¢2.22.34.3o§ »1309 0'0345
2"’500 60.0 005929 7.80' 2.06 4001.} O. .
29 0 300 005"’9_ 28NV . il



- 265 -

30 3756

15

32640 3040 065435 550 375 7Te158 002422 00338
3] 20e9 22660 45,0 0s4732 8420 2,57 4955 09,2203 9,A444
35 33.6 326e0 45,0 044732 9.00 2435 44556 n,iqls‘ﬁfiﬁii"
23 3663 32600 45,0 064732 10,00 213 4ela7 9.1602 90,0383
36 320 32640 60.0 004066 5,50 3,75 7e158 0,1792 0.0250
35 34.8 326.0  60.0 044065 5497 3e51 64704 0.167) 0e0249
36 37¢ 6 22600 60.0 0.4066 6650 3420 54128 De1515 040247
APPRCXIMATE YON.= 0.0730 M.Fe. ' :

37 29,3 245+0 3040 047488 5470 2476 5310 0,2393. 040450
38 23,5 2450 30,0 0.7488 6.60 2,41 40657 02067 0e0%44
30 3747 24500 300 07488 8,10 1.93 3,881 0,1684 0,0434

| 40 0.7 245.0 %5.0 0.36568 Bel0 1.99 3,881 0.0825 0e0213
41 3541 245.0 45¢0 0.3668 9,50 1e72 34378 0.0703 0.0208
47 296 24650 #4540 043668 11,90 140 2791 0.0562 00201
43 29,7 245¢0 600 0a2016. 7400 2423 44618 049525 000119
46 3huls 24540 6000 002016 Te20 2.22 4,308 0,0510 0,018
45 3941 2450 60e0 002016 7480 2,06 o013 0.04T1 0.0117
47 3500 22660 30s0 103320 5.00 4011 7.827 @,3259 0.0415.
48 3706 32660 30¢0 163320 550 3,75 7158 n.zeal 00390 _
49 309 32600 :4500 0,9916 e 60 3615 6e043 043542 060503
50 33¢6 32660 450 009916 6470 3,11 5.959 0.3588 0. 0602
51 39,0 32660 650 009316 7400 2,98 5724 0634346 00600
52 29¢1 32600 6040 0. 6897 5S¢40 382 Te.282 0.3 095 0e0425.
53 34,8 3260 600 0.6897 5690 3e51 64704 0,283% Oe 0423
54 37«6 '326e 0 6060 006897 6040 3625 50217 o;;g;g_g;gggg_

. Table 2-7
Theoretlcal Kog Values
' NO. & <Ug> Ui kLAfxlO4 kG?g iggﬁf Ag .KOleO4
SYSTEM: N—HE XANE- —NITROGEN-HEAVY PARAFFIN oIt .
DG= 0.0813 (M2/SEC Di= 0. 11 50E=05 CM2 /SFC
“ABSORBER DLAMETER = 04793 (M
GAS RATE = 16540 CC/MIN LIQUID RATE = 30,0 CC/MIN
RISE VMFILOCITY = 16479 CM/SEC ' : :
1 0.20 -0.44 —-17.45 0. 0607 0.6845 0.2123 0.517 0.4104
2 0.31 3.31 -21.75 0.0965 1.0341 0.3319 0.748 O 4440
3. 0.41 5 57 —24.69 0.1187 1.3966  0.4205 0,940 0 4675
4 0.50 =5.93 -25.68 0.1389 1.7730 0.5039 1.119 0.4503
5 0,56 =6.14 —25.99 0.1512 2.0837 0.560] 1.237 0.4528
6 (.Bl —6.14 —25.99 0.1028 2.7060 0.71.78 1.70) 0.4220
"7 1.06 —6.14 —25.99 0.2269  3.3283 0.8545 2.165 0.3948
8 1.31 -—6.14 —25.99 0.2565. 3.9506 0.9780 2.629 3721
9  1e56 =—6.14 =25.97  0.2831 4.5729 1.0918 3.092 0.3531
10 1.81 -6.14 —25.99 0.3073 5.1953  1.1980 3.556 0 3369
]1 2.06 -6 14 "25.99 Oo 3298 g 5.8176"102981 40‘)20 E O 3229
12 2456 —6elh =2599 0.3707 606976 1.4668 4.948 0. 2964
13 3.56 —6.14 =25099 5. asl2 T.9423 - 1.7444 6.803 0.256%
14 5.06 =614 -25.99 0.5297 9,@@66; 250909 - 9.586 N.2181
L. ] _,..,:" . . ]
GAS RATE = 245.0 CC/MIN Lluf QQRF?Eu '"“3°v°”'CC’"TN“
= 0«59 CM/SEC v g 'vw;x""‘“s’“‘ —
RISt VS?%EITY:G,oz-la 34 0.0 123&916 {4 0s2162:° 6~§J

N
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0.31

_1067

‘23010

266 =

0.0987.

1o 67 “1.N5E0 043396 N.748 0,4543
17 0.51 -3 .85 ~26.36 0. 12)9‘11 4323 04314 00940 0,4592
18 0Oe.50 ~4.57 —2T7.45 0.1429° {.82113H0.51803f1.1]9 04679
19 Ne56 =—4.81 -27.80 0.1556?”2.1430f 0.5764 ‘14237 04659
20 0.81% -4 .81 =27 .80 0.1988 “2.7866"0.7398 1701  0.4350
21 1.06 =4.81 -27.80 0.2342.. 2,4301 0.8815 . 165._0.40f5
22 1.3) =4.,81 -27.80 0.2649 " &,0737 1.0094 ‘2.629" Q. 3340
23 1,56 =481 —-27.80 02923 4,7T173  1.1272 23,092 N.3645
24 l.8) =-4.,81 -27.80 0.3174 5.3609 12372 2556 De3&79
25 2.06 -4081 -27080 0.3407 6.0044 1.3408 40020 0.3335
26 2.56 =4.8) -2T7.80 0.3830 6.9146 15153 4.948 0.3063
27 3,56 =4.81 —-27.80 Qe456N 8, 2017 1.8026 6.803 0.2650
28 5.06 =4 .81 —=27.80 0.,5476 99,7781 2.161)l 9.586 0.2254

GAS RATE = 326.0 CC/MIN LIQUID RATE = 300 CC/MIN

RISE VELNCITY = 27.5°9 CM/ SEC
29 0.20 1,30 =25.64 0.0733 D.82¢€3 02562 0.517 N.4952
20 . 0.31 ~3.,07 =-32.19 0,1168 2618 0.4018 0.748 0.5374
31 0O.41 -6, 06 =36.,69 0.1440 1.6933 0.510C0 0940 05428

vaBZ 0e50 =Te07 =38.19 D.1688 2.1526 0.6120 1.119 De546H9
33 0,56 =T«39 =38.,67 0.1838 2.5316 0.6808 1237 0.5504

Q2UE34 Q.81 —=T.3%9 -38,67 0.2347 3.2906 0.8734 1.70Y 0.5135
35 1,06 =Te39 =-38.67 0.2764 4.04696. 1.0405 2.165 04807
25 . 1.31  =7.39 =3R.67 0.3125 4L.8087 11912 ~2.629 0.4532
37 1,56 =739 -38.67 0.3449 5.5677 1.3301 2.0GS2 N.4301
38 181 =739 ~38.67 03745 63268 1.4598 3.556 0.4105
39 2.06 -7.39 -38.67 0.4020 7.0858 1.5819 4.020 003935
4G 2a56  —=TJe39 —38.67 0.4518 8.1593 1.7877 _4.948 00,3613
4) 3,56 =739 -38.67 05379 JO6TT4 2.1266 6.803 0.3126
42 5S¢ (6 =T7439 -238.67 0.6459 11 53 €6 2.5493 9.586 D.2659

SYSTEM: N—PEXANE-NITROGEN-LIGHT PARAFF IN. o1L -

DG= 0.0813 CM2/SEC DL= 0.2640E£-05 CM2/SEC

ABSORBER DIAMETER = 0.793 CM

GAS RATE = 165.0 CC/MIN i 1QUID RATIE = 20,0 CC/MIN

RISE VELOCITY = 15. 88 CM/SEC
43 0s31 -4.66 -22.87 0.1990 1.1474 0.5367 D.822 N.6528
464 Qo4 =—6,43) -25.,34 Qe 2427  1.5212 0.6800 1.Q007 De 6752
45 Qe53 =T e27 =26079 . 03003 "1 .9980 0.8638 1.271 0.6794
466 0,62 =Te27 —26.79 0.3341 2.3892 0.9908 1.443 0.6868
47 087 = 3 ' 9 ;
48  1.12 ~—T.27 —-26.79 0. 4819 3,.,7015 1.4712 2.406 0.6114
49 1,37 =T7.27 -—26¢1S 0.5409w~4.3576«‘1.6824-«2,888 0.5826
SO 1462 =T.27 -26,179 AQ,5940 5.0137 1A8§07 3.%70 05581
- 51 1.87 =T7e27 —=26079 0.6427 5.6699 D.5371
52 2012 -7.27 —26079 006880 603260 005!87
53 .62 =—=1,27 —26.79 107 T D 86722
54 3.62 -7-27 —26079 ;Z 004161
55 5,12 =T.27 -26.79 2 6.3548

GAS RATE = 245.0 CC/MIN LIQUID\RAT BOqO,:QQIMINva: |

ty = 21.85 CM/SEC.. b - R

ngg V%E??’Tfs. 12-30.72 0.23057 1.2284 110, 6214048221 ;047558
57 0.46 =814 =34. o6 Qe 28"1 7618 0-7876 1.007"0.78?1
58 053 —9e46 =36.02 0.3480' 243146 ¢ zQQQQ::lAgll 207872
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Ne b2

- 267 =

RISE VELOCITY =

96

D20

0.4413 0. 1664 0.517

-9.44 =3€.G2 0.3872° 2.7682  1.1481 .1.443  0.7959
60 087 =9.44 -36.02 0.4806  3.5290 1 .4408 "1.924 0.7487
61 31e12 =9.44 -36.02 5586 4.2898 1.7052 2.406 0.7087
62  1.37 <-S.44 -36.02 0.6270 5.0506 1.9501 2.888 0.6753
63 1.62 =9.44 -36.02 0.6886 5.811l4 2.1801 3.370 0.6470
646 1.87 =9.44 =36.02 0.7451 6.5722 2.3979 2,851 N.6226
65 2e12 =—9.44 -36.G2 0.7977 7.3330 2.6055 4,333 0.6013
66 2.62 =9.46 =36.02 0.8936 8.4089 2.9429 54297 045556
68 5.12 -9.44 —36,02 1.2685 11.7941 4.1601 10.114 0.4113

GAS RATE = 326.0 CC/MIN LIQUID RATE = 30,0 CC/MIN
RISE VELOCITY = 24.91 CM/SEC
69 0.31 =3.57 =30.27 0.2272 1.3094 D0.6126 0,822 0.7451
\“p‘ 0.40 =5.86 —33.70 0.2779 1.7406 0.7782 1.007 0.7729,
0.53 =T.20 =35.71 0.3448 2.2909 0.9911 1,271 0.7796

30&72 0.62 <=To20 —35.71 0.3840 2.7426 1.13682 1.443 0.7890
73 Q.87 <-—T.20 =35.71 0.4773 3.5001 1.4302 1.924 0.7432
14 112 720 =235,.71 0.56581 4 2916 1 6938 2406 Q. 7039
75 1e37 =720 —35.71 0.6233 5,0152 1.9379 2.888 0.6710
76 1.62 =Te20 —35.71 0.6848 5. 7727 2.1670L 3.370 0.643)
77 1.87 =720 —=35.71 0.7411 6. 5302 2.3841 3.851 0.6190
78 2,12 =7,20 =35,71 0a7933 2.2877 __2.5910  4.333 0,5979°
79 2.62 =7.20 =-35.71 0.8890 8.3590 2.9271 5.297 0.5526
80 3.62 =T.20 =35.7) 1.0544 9.8740 3.4668 Te224 04799
81 E.12 =T7a20 =35.71 1.2626 11l. 7295  4,13%4 10,114 044093

SYSTEM: N-HEXANE-HEL IUM-HEAVY PARAFFIN OIL

DG= 0.2744 CM2/SEC DL*= 0.1150E=-05 CM2/SEC

‘ = 793 CM

"GAS RATE = 245.0 CC/MIN LIQUID RATE = 30.0 CC/MIN

RISE VELOCITY = 20.36 CM/SEC
82 0.20 1.66 =17.87 0.0610 1.2646 0.2484 0,517 00,4802
83 C.21 —l.45 =22.53 0. 0977 .1.9185 043935 0.748 0.5263
84 QOe4l =3.58 —25.73 0.1206 2.5578 0.4948 0.940 0.5266
85 0,50 = 9 - 1415 3,3046 0.5890 1119 0.5263
86 0Oe56 =—4.52 —27.)4 0.1541 3.8879 0.6501 1.237 0N.5256
87 0.81 =-4.52 -27.14 O 1969~,5.0561«_0.8332wm1.701wc0.4899
88 1.06 =4.57¢ -21;1&__Q-2319 "6.2243 0.9886 2165 0.4567

89  1.31 -4.52 -27.14 0.2624 T.3925 41,1267  2.629 0.4286
90 1.56 —4.52 =27.14 0.2866 B<5608 . 1.2525  3.092 De 4050

1,8 4,52 =2T.14 ' 0.3165.-94729GC . 1;3691\»3.5569r0.38§g
92 2.06 -4.52 —=27.14 Q. 3375:°10,8972 " ). 4781 4020 | 0.3677
€3 2.56 =4.52 —2T7.1l4 0.3794 X2.5494 1. 6671;14.948330,3369'
94 ~ 3,56 =4,52 —2T.1% 0.4518 14+88586. - 1e9839. 6. 803 :.0.2916
55 5.06 —4.52 —27.14 0.5425; 177474 2.3799_’23599;;n;2483
“SYSTE EM: N—HEXANE’FRE_ON-I"-HEAVY PARAFFIN OIL I
DG= 0.0446 CM2/SEC DL_=,9 ocllst“0= cmz/sec
AMETER = O 3
ABSORBER Dl .0 CC/MIN LIQUID RATE = 30.0 CC/MIN

0.3217

3.11 "13058
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e7 «321 0.59 =-17.36 0.0848 0.6726 0.262] 0.748 0.3506
98 Q.41 =113 -19.95 0.1050 0.9138 063363 0,920 0.3580
100 056 =189 -21.09 01346 13722 04557 1.227 0.3684
161 0.8l =-1.89 -21.09 0.1725 1.7873 0.5869 1.7C1 0.3451
102 1.06 =1le8% -2i.09 0.2034 2.2025 0.7020 2.165 0.3243
102 l.31 =l.89 -21.09 0.2302 2.6177 0.8067 2.629 0.3069
104 1.56 =1.89 ~21.09 0.2541 3.0328 0.9039 3.092 0N.2923
105 1483 =189 -21.09 0.2760 3.4480 0.9950 3.556 0, 2798
YVROb 2.06 =189 =21.09 0.2963 3.8631 1.08l2 4.020 0.2690
107 256 =1.89 -21.09 063332  4¢4503 1.2240 4.948 0.2474
QULO8 356 =189 =21.09 0.3969 5.,2806 1.4563 6.803 0.2141
169 5.06 =-1.89 -21.09 0.4766 6. 2975 1.7456 ©.586 0.1821
SYSTEM: N—HEXANE—FREON-14—LIGHT. .PARAEEIN.OIL "~ ‘ .
DG= 0.0446 CM2/SEC DL= 0. 36406 -05 CM2/SEC
ABSORBER DIAMETER =- 0.793 CM
GAS RATE = 245.0 CC/MIN LIQUID RATE = 30.0 CC/MIN
RISE VEIOCITY = 17.40 CM/ZSEC
110 0.3l =0.53 -18.20 0e174T 0.T7456 0.4047 0.822 0.4923
111 0.40 =1.98 =-20.36 0.2144 0.9938 0.5190 1,007 0.5153
112 Ca53 —=2,.82 =21.62 0.2667 123111 0.6655 12271 0.5235
113 0.62 =—2.82 -21.62 0.2974 1.5714 (C.7692 443 0.5322
114 0.87 =2.82 =-21.62 0.3703 2.0080 0.9699 1.924 0.5040
115 1,12 —2.682 —21.62 0.4310  2.44646 11,1535 2406 0,794
116 137 =—2.82 =-21.62 0.4842 2.8813 1.3251 2.888 0.4588
117 l.62 =-2.82 =-21.62 0.5321 3.3179 1.4874 3,370 0.4414
138 1,87 =-2,82 =21,62 0.5760 _3.7545 16421 3.851 4264
119 2.12 -2.82 221 .62 046168 . 4.1911 1.7903 4.333 0.4132
120 2.62 =2.82 -Z21l.62 0.6912 4.8086 2.0264 5.297 0.3826
> - 62 0.8201 5.6818 3969 7,224 0,3322
122 S5e312 =2.82 —=21.62 O. 9821 6.7513 2.8646 10.114 0.2832

SYSTEM: N-HEXANE—NITROGEN-HF

AVY PAR AF F IN OI L oo, ey B

DG= 0.0813 CM2/SEC DL= 1$OE=n5 CMZ?SEC—' .

ABSORBER DIAMETER = 0594 CM o

GAS RATE = 245.0 CC/MIN LIQUID RATE : o.o CC/MIN

RISE VELOCIIY = 20,85 CM/SEC ,

123 0.21 5,91 =2).99 0.0501 o 5901 o 1774 0.?65 o 4855
126 0.26 4,67 —23.85 0.0584% _9.7621«~o .2131--0e 4an~;o.4955
125 " 0.30 3,99 =24 .86 0.0661 "0, 9394 0. 2469, .0e.491: 105023
126 0.4l 2.47 =-27.14 0. 08221:1.,2292 O« <3111  0.637 .0.4883
127 0.50 1eb64 —28.38 0.1060g“1;q095;;0.3961,\0 . 762 De5200
128 0.75 1.64 —28.38 01377 ¢ 9766 10,5156 L. 055 ;04709
129 J.00 1.64 —28+38 0o 16337 2.4437 1 0.6181 1.428 0. 4329
120 1.25 1.64 —28.38 0. 18543f2.q1073;0 7103 la 761"'0.4033
131 1.50 1.64 —28.38 0. 2osztw3.377eg¢o L7950 2094~ 03796
132 1.175 1,64 —28.38 0.2232 .. 3.8448 0. 3739;m2 427 0.3600
133 2.00 1.64 —28.38 0.2399° “Zo3119° 0.948Y 72 2617 0. 3435
124 2450 1.64 —2B.28 0.,2702 4. 9724 1.0733 3.427 0.3132
135 350 1.64 —28.38 03223 5.90065 1.2792 4760 0.2688
136 5.00 1.64 —-28.28 0.3875 7.0506 1.5357 64759 0.2272

SYSTEM: N- - ROGEN-LIGHT PARAFFIN OIL '

DG= Eo o§1geéﬁgssgéT DL= 0D.3640E-05 CM2/SEC

ABSORBER CIAMETER = 04594 CM :

GAS RATE = - 245.0 CC/MIN L1. LIQUID RATE = 30,0 CC/MIN

RISE VELOCITY = 30.77 CM/SEC

137 vo&21 3.32 -25.79 0.1080 O 6587 0.2988 0.394 0.7584
138 0.26 1.29 —28.83 0.1271 0.8607 0.3683 0,465 0.7922




136

- 269 -

0430 =066 =31e76 0e1453 1.0785 0.4376 0.536 0.8167

¢+ 140 f0.41 —3.32 =35,.76 0.1846 11,4394 0.56€9 0.695 0.8156
141 0.50 =4,92 =38.)5 02476 17925 0.7380  0.821 N.8878
143 1.C0O —4,92 =-38.15 03909 2.9684 1.1879 1.555 0N.T7641

1144 l1e25 =4,92 -38.15 D.4456 33,5564 1.3809 1.916 N0.7216
145 1.50 =4.,92 -38.15 0.4942 4.1443 1.5610 2.278 0.6852
146 1.75 —4,92 =38,15 0.5388 L7323 1.7307 2640 ND.6856
147 200 =492 =38.15 0.5795 5.3202 1.8919 3.002 06303
148 250 —4.92 =38.15 0.6536 6.1518 2.1528 3.725 0.5779
149 3,50 =-4,92 -38.15 0.7812 73277 2.5699 5.172 0.4969
150 54§0 -4 o972 =38,15 0.9406 8.7679 3.0875 T.343 Q. 4205

RAFEIN OIL

DG= O. 0813 CM?/SEC DL=_ 0.1150E-05 CMZ/SEC

ARSORBER DIAMETER = ] 000 CM

GAS RATE = 245.0 CC/MIN LIQUID RATE = '30.0 CC/MIN

RISE VELNDCITY 18 37 CM/SEC '
153 Q021 - 3155 0,767 0,411
152 0.26 —3.87.-24.17 0.1087 1.2479 0.3820 C.896 D.4264
153 0.30 =5.23 —26.22° 0.1233 1l.5634 0.4465 1.021 0.4372
154 Q.4 =8,75 -31.50 0.1560 2.1159 0.5753 1,319 0,4361
155 0.50 -11.05 ~34.95 0.2122 . 246713 0.7667 Je563 0.4°06
156 0.61 -13.11 -38,04 0.2462 3.3127 0.9062 1.842 0,499
157 0.86 —13.11 ~38,04 0.3144 4,3016 1.1626 2452 Qa&742
158 1l.11 =-13.11 —38.04 0.3703 5o 2905 1.3850 3.061 N.4525
160  le6) =13.11 ~-38.04 0.4622 7. ?682NM1 77127 4. 279 0 4139
1ol 1.86 —13.11 -38.04 0.5019 8.,2571l-71. 9442 4+889 043977
Les 2.11L -13.11 =38.04 0.5387 9241072 50498 0,3833
163 2.61 =13.11 -38., 04 0.6055310.6444 x,__,;2 ;3816 6. 17~ ’0 3546
Te4  5.6) -13.11 -38.04 0.7209712% 62217 2.8328°779.1547% .soqs
165 S5.11 -13.11 =-38.04 0. 86562 15044 ;

'SYSTEM. N—HE XANE-NITRCGEN=—
0813 CM2/SEC
ABSORBER DI AMETER =

DG=

GAS RATE =

245 <0

DL=

1. .000 cmafﬂ

RISE VELOCITY =

CC/MIN LIQUID RAT
16.67 CM/SEC! R

LIGH PARAFFIN
62 05 CM2.

1312957 12.810

o.o CC/MIN 2

;1.073

0.5573

166  0.30 =5.12 =24.34 0.233¢ > 10,5978 -

168 0,50 =10.67 -32.68 0o 4004uw2@3045~,l 0789m, 67A 3.66ﬁ4
169 (.59 —1l.89 -34,50 Cot56T 20 8795W“1.482° “Y1 e 861"0.6892
170 0.61 —-11.89 -34,50  0.4656 3.1145 1.3424 1.899 0.7069
171 0.86 -11.89 34,50 0.5942 Z.,0709 1.7307 2.51.8 0.6874
172 1.11 -11.89 -34,50 0.6995 5.0272 2.0788 3,136 056628
173 ) .36 -11.89 -24,50 0.7910 5.9836 2.4001 2,755 0,6391
174 1.61 -11.89 —34.50 0.8729 6.9399 2.7012 4.374 06176
175 l.E6 -11.89 =34.50 0.9477 T.8963 2,9860 4993 0.5981
176 2.11 -11.89 -34,50 1.0171 8.8526 3.2572 56611 0.5292
177 261 —-11.89 -34,50 1.1432 10,2051 3.6951 _6.849 05295
178 3.61 -11.89 -34,50 1.3609 12.1178 4,3946 9324 N.4713
179 S.11 —11.89 -34.50 1.6339 14 <4604 52646 13.036 0.4038
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Table 2-8

~ Effective Slug Mass Transfer Areas a

B

. NO. G. o, H Ly  Koc x10f Eyga 2
Dp = 0.793 cm
sf?TEM° N-HEXANE=NITROGEN-LIGHT PARAFEIN o1L x10
APPRDXIMATF YnN = 0a.023 MaF .
1 165.0 30.0° 5.7 .0.31 0.7240 0.0458 0.063
2 165.0 . 30.0 10.0 - 0.41 0.7075 0.0570 O0.081"
3 165.0 - 30.0 15,0 0.53  0.6895 0.0553 0,083
4 165.0 30.0 17.4 . 0.59 0.6814 0.0546 0.089
5 165.0 300 .20.0 - 0.64 0.6736 0.0551 n.oez
L 6 165,00 - 45,0 5.7 0,43 06979 0.0366 0,052
7 165.0 4540 10.0 0.55 0.6808 0.0404 0.059
8 165.0 45.0. 17.4 0.74 0.6546 0.0398 0.061
9 1650 45.0 20e0 0.80 0.6466 0.0414 0.06%4
30  165.0 45,0 25.0. 0.89 .0.6341 0.0350 0.055
11 165.0 60.0 15.0 0e74 0.6546 0.0373 0.057
12 165.0 60 <0 17.4 0.80  0,6466 0.0330 0.051
13 245.0  30.0 5.7 0.66 07772 0.0757 0.097
14 265.0 300 100  0e82unn0eT524- 0.0682-;-.0e 091 crrr
15 2450 30,0  15.0 1,007 0.7272° 0.0746 0.103 g
16 245.0 30.0 17.4 1.08 0.7158.°0,0759 ..0.10C6 :
17  245.0 - .30.0 25.0 1.27 0.6902 - 0.0591  0.086 &
18  245.0 45,0 5.7 O ?3p*v0.7286 Mo;os9o\\o.oalﬁﬁ
19 245,0 45,0 . 10.0 3. 0.0899 ' 0.128
20 245.0 45,0 15.0 ¢ 0;07 58~0.1‘|21 v
21 245.0 45.0 17.4 ...0+0845... 0,126
22 245.0 45.0C 20.0 - '0.0817 0.123
23 245.0 60.0 - 5.7 040905 Nel18" "
24 245.0 . 60.0 10.0 2 .0. <1085 . ;0.145
25 245.0  60.0 15.0 1061016 0140
26 . 245.0 - 600 17.4 2 +0e 1101 0e 15471}
27 245.0  60.0 20.0 - 001054 < 0el49: -
28 326.0 30.0 5.7 002066 0a29%. oy
29 326.0 30.0 ~10.0 0.1772 " 0.262
30 - 32640 30.0 15.0 0.1486 . 0.232
32 326.0  30.0 24.0, 2,01 0.6056 01177 0.194
33 326.0 45.0 SeT 1.13 0.7342 0.1802 0.245
34 326.0  45.0 10.0 1.33  0.7069 0.1587 0.225
35 - 326.0 45.0 15.0 1.55 0.6811 0.1423 ~o.$29
%6 326.0 45,0 17.4 1.61 0.6731 0.1336 0.198
37 326.0 450 0.0 1.68 0.6661 0.1257 0.189
38. 32640 60.0 Se7 1.13 0.6871L 01740 .0.253
39 2268 0 15.0  1.68  0.6245 0.130° 0.227
41 326.0 600 1T o4 1.80 D.6116 0.1310 0.205
42  326.0 600 20.0 __1.90 0.6021 0.1234 __C.2
PPEROXIMAIE YON = 0.032 MaF o .
S es.0 300 5.1 031 011D ligar i1
22‘ }2218 gg:g . 10.0 0.41 0.7075 01316 0186
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. 46 165.0 30 .0 12.0 0.45 0.7015 0.1325 0.189
47 165.0 30.0 17.4 0.59 0.6814 0.1241 0.182
48 1&£5 .0 300 - 20.0 Q.64 0.6736 0a.1247 0,185
%S 165.0  30.0 25.0 0074 046597 041103 0.167
SC 165.0 450 5.7 0.43 0.6979 0.0761 0.109
51  165.0 4540 10,0 0,55 0.6808 0,0757 0,111
52 165.0 450 140 0.65 .0.6665 0.0786 0.118
53 165.0 - 45.0 17.4 0.74 0.6546 0.0725 0.111
54  165.0 6040 140 _Qe6 6665 836 125
55 165.0 60.0  1T7.4 0.74 0.6546 0.0772 0.118
56 2450 30 .0 507 00¢bFmey0e7759 5042855 - 0e368 e -e
57 245.0 _ 30.0 10.0 0.82 0.7524 "0.2534 0.337
58 245.0 30.0 14.0  0.97 0.7309:50.2349 ., 0.321
59" 245.0 30.0 18.0 1.99 . ¥ 104296
6C __245.0 405G 5.1 0.15mwmo.7262 No¥s 8 0e255.:m
61 245.0  45.0 10.0  0.935°°9.70127 018227 0e260 703
67 245.0 45.0 14.0 1.09: 0. 26793 -0 41765 - 04260,
63 245,0 45,0 18.5 1.1 P e 6664 . 0a1636 0. 245
64 265.0  45.0  20.0 1.2 L 0.6643 -0.1692 "0.255
65 245.0 45.0 25.0 2! 0.6601 ;"0+1405 0.213
66 245.0 60 .0 5.7 5357 10. 7693 {1041887 1 0e245:
67 245.0 - 60.0 10.0 T <7472 17041737 ,0‘232
68 245.0 60.0 = 14.0 50 : :

69 2‘95 .0 60 00 17 .4 (»_: ;o 4 )
70 245.0 600 20.0  le0ho... ,108 o
71  245.0 60.0 25.0 1.Yy*™077003 0. 1475 “0.211
72 326.0 30 <0 ‘5.7 1lel13 0.7036 0.2318 0.330
73 326.0  30.0 10.0 1.36 0.6753 0.2615 0.387
74 326.0 30.0 14.0 1e59 DNe6484 0.263%4 0.406
75  326.0  30.0 17.4 1e77 0.62B9 0.2411 0.383
76  326.0 30.0 20.0 1.88 0.6178 0.2377 0.385
77 32640 30.0 25.0 2.01  0.6056 3.3333 -g.ggg
78  326.0 45,0 5.7 Jlel3 07335 .38 .
79 326.0  45.0 10.0 1.33 0.7069 0.3107 0.440
80 326.0 45,0 14.0 1.50 0.6860 0.2832 0.413
81 326.0 45.0 1T7.4 1.61 0.6731 0.2543  0.378
82 326.0  45.0 50.0  1.68  0.6661 0.229 D344
83 326.0 45.0 25.0 1.73 0.6602 0.2014 0.305
84 326.0 60.0 5.7 1,13 0.6871 0.4946 0.720
+av;85 32640 60 .0 10.0 140  0.6547 0.3682 0562
IAV 86 326.0 6040 14.0 1.64 0.6284 0.3082 0.490

ATIQUBT 22640 60.0 17.4 1.80 0.6116 0.2702 o.44§
88 326.0 60 .0 20.0 1.87 0.6054 0.2452 0.40°5
89 2926,0 60 o0 _ 25 .0 1,95 0.5971 Qa.2016 0,338

= 0,072 Ma.Fa
AggRoiéngF Ygg.o 5.7 0.3% 0.7240 0.0L87 0.026
91 165.0 30 .0 10.0 0.41  0.7075 0.0574 0°??2
92  165.0 300 14.0 0051  Q.6033 0.0802 0.145
93 165.0 30.0 16.5 0.53 0.6902 0.1002 o.,.z?3
94 165.0 30 .0 17.4 0.59 0.6814 0.1519 0°oéa
95 165 .0 45 o0 5.1 Qa&3 0. 6919 0.0687 0.133
96 165.0 45,0 . 10.0 0.55 0.6808 0.0905 3.147
97 165.0 45.0  14.0 8.32 0.2265 8‘0982 -
98 16 174 . . . e
. 14.0 0.65 . 0.6665 0.0955 0.1
133 igg:g 23.8 174 0.74 0.6546 0.1002 0.153
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101 245.0 30,0 5.4 Q.66 0.7772 0.3646
102 245.0 30 .0 7.5 0.73 N.7662 0.3318
102 245.0 30.0 11.5 0e87 -0eT7446 - 0.2848
104 245.0 30,0 14. 0 0.97 70.7309 " 0.,2708
105 245.0 30«0 174 1.08 0.7158 - 0.2368
106 245.0 4540 5.7 0.75 0.7262  0.1953
107___245,0 45,0 174 0.90 ..0e 7048 . 0.1750
108 245.0 45 .0 10.0 P 06801 0422627
109 245.0 45,0 14.0 1. 17 10,6693 -0 2018 -0
110 245.0 . 4540 20.0 2] 06643 .. 0.1932:()
111 245.0 45 0 25.0 1.255 {06601 01727
112  245.0 60.0 5¢ 7 00630 067693 : 01251 -
113 245.0  60.0 10.0 7701 10.7472 0.1855""
114 24540 60 <0 14.C 0.7284 : 0.1889
115 245.0 60.0 174 0.7179 1041985 C
116 24540 60 <0 20 .0 0.7088 : 0. 1939 -
117 245.0 60.0 25.0 1. 11..,..0.7003.7 o.1533ij
118 226.0 20.0° © 57 -1.13790.70367770.2744 0 :
119 3260 30.0 10.0 1.21 0.6930 0.3018 0.435
120 326.0 30.0 T.5 1.36 0.6752 03626 0.527
121 3260 30 .0 14.0 1.59 0.6484 0.3032 0.468
122 322640 30.0 17 .4 1.77 0.6289 0032132 0.511
123 3260 30.0 25.0 23.12 0.1514 0.2652 1.752
124 326.0 . 45.0 5¢7 1.13 0.7335 0.3472 0.473
125 326.0 4540 10.0 . 1.33 0.7069 - 03197 0.452
126 32660 45,0 14.0 1.50 0.6860 0.2958 0.421°
. 127 326.0 45 .0 17.4 . 1.61 0.6731 0.2743 0.407
128 326.0 4540 25.0 1.72 0.6617 0.2377 0.359
129 326.0 60 .0 5.7 1.13 0.6871 0.1131 0.165
130 326.0 60 «C 10.0 1.40 0.6547 0.2292 0.350
131 326.0  €0.0 14.0 1.64 0.6284 0.1975 0.314
TpL32 326.0 600 17.4 1.80 0.6116 0.1692 0,277
{42 326.0 60 .0 20.0 1.90 0.6021 0.1944 0323
Aﬂfr34 326.0 6C.0 25.0 1.95 ‘wp.5971~ 0.1803 0.302
SYSTEM: N-HEXANE—NITRDGEN—HEAV« ARAFFIN PIL -
APPROXIMAIE YON = 0Oa 024 Ma.Fa
135 165.0 30 .0 5.7 0.56 0.4526 0.0339 0,075
136 165.0 30 .0 16.0 0.75 0.4283 0.0363 0085
137 16£5.0 a0 .0 17.4 1.13 0.3892 00327 0.084
138 165.0 30.0 22.4 144 Ne3636 0.031& 0.086
139 165.0 4540 5¢7 0.88  0.3882 0.0530 0.127
140 1650 45 .0 10,0 1,04 Qa3722 Q.0623 Gal67
141 165.0 45 0 174 1.19 0.3593 0.0430 0.120
142 165.0 45,0 22 .4 1.25 0.3547 0.0392 0.110
143 1650 60 o0 5.7 0.43 N.%4390 00,0772 0.176
144 165.0 60 &0 10.0 0.53 .0.,4253 0.0674 0.158
145 165.0 60.0 17.4 0.75 0.4007 0.0554 0.128
146 2450 30 .0 Se1 1.06 __0.4087 0.0582 0O.1%2
147 245.0 30 .0 10.0 1.39 0.3788 0.0642 0.170
148 245.0 3040 17.4 z.zzﬂﬂﬂ0.3231~go.9512,bp,158
149 245 ,0 300 224 2.68 0.3001 0.0483 "0.161
150 245.0 45.0 SeT 1.50 0.4163 0.0682 .0.164%
151 245.0 45.¢  10.0 1 69 0.0651  0.162
152 24540 45 0 17 4 5 :
153 245.0 45,0 22.4
154 2450 6000 Sel
155 24540 60 .0 10.0
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156 2450 60.0 17.4 1.61. ;0.3817 . 0.,0424 0,111
157 245.0  60.0  22.4 1.86 = "0.3634  0.0330 0.99).
159 32640 30.0 10.0 2.22..7 N,3815 '0.0987 0259 ' ..
160 32640 30.0 17.4 357 0.3128 0.0864 '0.276

161 326.C 30.0 22.4 4.56 042794 0.0752 0.269

162 226.0 45,0 5e7 2.06...-03970 01176 ..0.29 .. . ...
163 326.0  45.C 10.0 2.517°" 03677 00915 0,249
164 326,0 45,0 13.5 2.69 063574 040950 0.266

165 32640 45 .0 17.4 2.87 0.3482 0.0830 0.238

166 226.0 45 .0 22 o4 2.98 03424 0.0697 0.204

167 326.0 60.0 5e7 1.37 0.4455 0.0997 0.224
168. 326.0 60 .0 8.0 1.49 0.4346 0.0862 0.198

169 326.0 600 10.0 1.66 0.4195 0.0814 0.1%4

170 326.0 60.0 313.0 1,95 0.3969 0.0916 0.231

171 3260 60 «0 17.4 5.33 0.3716 0.0832 0.224
172 326.0 60.0 22 .4 2.60 0.3558 0.0686 0.1°93
APPROXIMATIE YON = Qo083 Mat o

173 165.0 30 .0 5.7 0.56 0.4526 0.0588 0.130

174 165.0 30 .0 10.0 0.75 0.4283 0.0655 0.153

175 165.0 30.0 142 0.94 0.4NT4 00,0559 04137

176 165.0 30 .0 17.4 1.13 0.3892 0.0550 0.141

177 165.0 30.0 22.6 1.44 0.3636 0.0505 0.139

1768 165.0 45,0 5.7 0. 88 0.,3882

179 . 16540 45 .0 10.0 1.04 0.3729 * 0.0580 0.155

180 165.0 45.0 17.4 1.19 0.3593 0.0518 0.144

181 1€5.C o6 1.26  0.3537 0.0470 0.133

182 165.0 60 <0 5.7 Q.43 . 0.,4390 0.0619 0.141

183 165.0 60.0 10.0 0.53 0.4253 0.0612 DNel4&4

184 16 25  0,4007 0.0534 C,123

185 165.0 60.0 22.6 0.92 0.3833 0. 0498 0.130

186 245.0 30.0 5¢7 1. 0650040877704 <0719 04176 o
187  245,0 30.0 10.0 1.39" 0.3788 0. 0712 0.188
188 245.0 30.0 174 z 22 0.3231. 0.0645;%0.200

189 245.0 30.0 22.6 .72 Ne2981 . 0.0606- 0203 .
190 245.0 45 o0 SeT_ 1 50,-w0’4163, 0.0768 0.185 - 0.
192 245.0 45 .0 174 an.0637~~0.167\'
193 245.0 45 .0 22.6 w~g-ggZ§.ig-%$§

194 245.0 60.0 57 LM e . Yelld ,.
195 245.0 60.0 10.0 0.0650 0.151" .
196 24540 60 oG 174 0 ,0572 . 0.150 -
197 245.0 600 22. 6 <0566 0,156
198 326.0 30 .0 5e7 > 0-1022570-245

199 326.0 30.0 10.0 ;;:0-09015_09237,jjd
500  326.C  30.0 15.0 . 3324..0.0877. 0e26% . .
201 326.0 30,0 1Te% 3.57°"0.3128 " 0.0850" 0. 285

202  326.C 300 22.8  4.606 0.2766 00787 0285

203 32640 45 .0 5ol 2.06 0.3970 0. 0592 0149

206 326.0  45.0 10.0 5.51 03677 0.0981 0.267

205 3260 450 174 >.91 0.3463 0.0681 0.197

206 326.0 45 o0 22.6 5.98  0.3424 0.0668 0.195

207 326.0 60.0 5e7 1.30 0.4525 0.1603 0.354

208 326.0 6040 10.0 1.66 0.4195 0.1312 0.313

209 326 .0 60 0 174 5.33  0.3716 0.1000 0. 269

210 32600 60.0 22.6 2.63 0.3542 0.0851 0.240
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APPROXIMATE YON = 0,072 M.F,

211 1lé€5.0 30«0 5.7 0.56 0.4526 0.0689 0.152
212 165.0 30 .0 10.0 0.75 0.4283 0.0720 0.168
213 1€65.0 30.0 17.4 1.13

022892 00,0688 C.177
214 165.0 30 .0 20.9 1.327 N.3685 0.0704 0.1°1
215 165.0 30.0 25.0 151 0.3582 0.0619 0.173

216 1€£5.0 45,0 S. 7 0. 88 0.3882 00,0831 0214
217 165.90 45 .0 10.0 1.04 0.3729 0.0777 0.208

218 165.0 4540 17.4 1.19 0.3593 0.0758 0.211

219 __165,0 45,0 20.3 1. 24 0.3556 0.0739 0,208

220 165.0 45 oG 25.0 1.26 .0.3537 0.0614 0.174
221 165.0 60.0C Se7 0.43 0.4390 0.0640 0.146
222 165.0 60,0 10.0 0.53 D,4253 0.0639 0.150
223 165.0 60 <0 12.5 0.61 0.4162 0.0684 0.164%
224 165.0 60.C 17.4 0.75@w§o,§oo7ﬂﬁo.0658wwc.164¢?3@
225 165.0 60 .0 20.9 0.37”““0;3887“‘0.0658”“0.169”“”j'
226 165.0 60 .0 25.0 1.0L 0.3746 '0.0635 0.170 .
227 245.0 20.0 Se 7 1.06 0.4087  0.0879 0.215 o
228 245,.0 30,0 10,0 1.38. ..023797 . 0.0758 0210 . ¢
229 245.0 30.0 13.5 1.70_ -D.3553 0.0888 .0.250"",
23]  245.0 300G 209 9.770.0800 .., 0s262 °
233 245.0 450 5e7 1 0.0753 " ‘0.181
234 245.0  45.0 10.0 .0.0751 . 0,187 ¢
235 245.0 45.0 17.4 00688 0.180 &
237 245.0 45 .0 25.0 00649 0e1T72:

238 245.0  60.0 Se 7 J;“4567;;0.0599;50.131QWT;
239 245.0 60,0 ~10.0 " 4299““020700””0.163”'"““
240 245.0 _ 60.0 174 3817 0.0631 0.165
541  245.0  60.0 20.9 0.3674 0.0640 0.174
2472 32640 3040 5e7 4175 0.1197 0.287
243 326.0 30,0 10.0 2801 0.1206 0317
544  326.0  30.0 13.0 . 0.3496 0.1114 0.319
545 326.0 30.0 17.4 3105 0.0949 -0.306
246 326.0 30,0 20.9 >378 0.0923 0D.321
547 226.0 4540 5 a7 0.3970 0.0820 0.206
548 326.0 45.0 100 3677 0.0981 04267
549 326.0  45.0 17.4 3463 00,0792 0.229
550 326.0  45.0  20.9 3424 0.0758 04233
551 32640 600 5.0 4577 0.1630 0.356

.- 552 326.0 6040 5,7 0.4525 0.2273 0502
T..253 326.0 60.0 10.0 %1965 0.1602 0.382

TAVSE, 326.0 60.0 13.5 3945 01403 0.356
ATIORES 326.0 . 60.0 17.4 0.3716 0.1271 0342

256 326.0 60 .0 20.9 3575 0.1068 0.299
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APPENDIX 3

THEORETICAL

3. Evaluation of Interfacial Area in Plate Column
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3. Bvaluation of Interfacial Area in Plate Column

The interfacial areas a' per unit volume of dispersion
in foam and froths have been evaluated by Calderbank (89) .,

Golderen (81) and Crozier (82) as

6 H
a' = ___EL. (. 3-1)
Dy,
where ; Hg = volume fraction of gas in dispersion

Dp = bubble diameter

In foams where liquid hold up is low, Hg can be assumed

to be 1.0 while in froths, Crozier (82) reported that

1
i1n = 0.715 F' + 0.45 (3-2)
where ; F' = Ug'(pg')%
Ug'= superficial velocity based on bubbling area
ft/sec

pg'= gas phase density lb/ft3

In plate column, it has been found that superficial gas
velocities normally used in industrial plate columns ranged
from 1 to 6 ft/sec. Under these conditions, the bubbles are
formed at a rate of 20 bubbles per sec (16,80). At low gas
and liquid rates (Ug' < 2 ft/sec), bubbles rose with its
formation sizes and cellular foams were formed. Calderbank (16)
showed that under thesecconditions,

0.15 Gg 1,3 (3-3)

= ( —

D
p aw My

y/
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where ; Gg gas flow rate cc/sec

Mp = total number of orifice or slot per tray
At high gas rate, bubbles collapsed as has been reported
(89) and froths of smaller bubbles were formed. Calderbank (80)
reported that the froths contained only bubbles whose radii
from experimental measurement were about 0.45 cm. Hence, with
Dp = 0.45 cm, a' in froths from equations (3-1) and (3-2) were
as in figure (3-1). These values of a' were however several
times higher than those reported by Porter (18) who considered
that the majority of bubble size inufnothswaSmsimilamFthoshose
at formation and a' was also given by equations (3-1) and (3-3).

In selecting the equation to use for evaluation of a'

mass transfer coefficients were calculated for the methanol-
water system (19). When psing the model proposed by Porter (18),
Kgg vValues were higher than those reported for single rising
bubbles into a liquid pool (20) although the reported efficiency
data for the froths were lower than those observed for single
bubbles (20). Porter model was hence considefed invalid. This

was confirmed by the work of Dillon and Harris (83) who found

that in froths Dp values approached those suggested by Calder-

bank (80) .
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VARIATIONS OF CALCULATED GAS HOLD UP AND MASS TRANSFER

EFFECTIVE AREA WITH F-FACTOR IN FROTHS

| .45 |
o4} o = 0.5 1
a'. = GHg/0.45
o2l 12
o w A | Jo
0 2 4 6 8 0

F-Factor = Ug(Pg)%' oi:m/se::.(g/cn'@)!5

Figure 3~L
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APPENDIX 4

SLUG FLOW CHARACTERISTICS

Surface Tension and Viscosity Effects on Slug Shape
Correlation of Slug Surface Area to Volume Ratios
Correlation of Slug Rise Velocities

Formation Bubble Length and The Slug Developing Region



4-A. Surface Tension and Viscosity Effects on Slug Shapes

White and Beardmore (33) and Brown (31) have studied the
effect of surface tensions and liquid viscosities on the t£lug
rise velocities in stagnant liquids. Brown and other investi-
gators (5,29,32) further found that the slug rise velocity
was the unique function of the frontal curvature of the slug
nose. It was then proposed that the effects of surface tension
and viscosity on slug rise velocity or shape would be negli-
gible if the following conditions are fulfilled :

White and Beardmore (33) - negligible liquid viscosity effect

. 2 "3
if p+ g D
L° P 5 3x10° (4-1)
L A
Brown (32) - negligible surface tension effect
if P+ g R2 )
7" 1 -22%5 5.0 (4-2)
(o] R

-1 + (1+2ﬁ'1>.);i
where . =

° N

2
Py, 9 1/3
N = ( 14.5 - ) /

H1,

and assumption of potential flow around the slug nose

region is wvalid if
oNR > 60.0 (4-3)

Calculations of the 1L,.H.S. of equation (4-1), (4-2) and (4-3)

in this study were jllustrated in the following Table 4-1.
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Table 4-1

surface Tension and Viscosity Parameters Proposed by White

and Beardmore (33) and Brown (32)

) 2 3
. PgRR2 G p2J Dy
Solvent Dp cm 2NR . —

(1--) E

o R ur,

Heavy Paraffin 0il 1.0 17.53 2.44 844
0.793 13.90 1.37 421

0.594 10.46 0.66 179

Light Paraffin 0il 1.000 39.70 3.35 9784
0.793 30390 1.89 4579

0.594 23.17 0.95 1998

As can be seen from these results surface tension and vis-
cosity effects cannot be neglected in this study and wosnitd be

expeated totaffiectusiug shape and rise velocity.

4-B. Correlation of Slug Surface Area to Volume Ratios

As described previously, when +he results of 1n(Ks/Vs)
were plotted against the absorber length H, each curve could
be considered as made up of two parts, AR/ g and (Ag/Vg)co

which were dependent and independent of H, i.e.:

X Ag A )
(—)= Mg + (¢ (4-4)
In addition to H, (BAg/Vg) was expected to depend on the gas

flow rate, liquid flow rate, absorber diameter and ligquid

= /T G
viscosity. The dependence of (Bg/Vg)c on 9as flow rate
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liquid viscosity ug, and tube diameter Dp were shown in
figure 4-1. Normally only a slight dependence of (XS/VS)
on ligquid flow rate Qp was observed but at the lowest gas
rate and high liquid rate, the ratios increased rapidly with
increasing Qj due to the fact that slugs under these con-
ditions were usually small and spherical cap in shape. Con-
sequently, the results of the ratios at different Qp, were
correlated separately.

From the linear dependence of (Ag/Vs)o on G, ¥y and
Y figure 4-1, the effects of these variables on (Bg/Vg) o
could be readily determined by simple substitution. The final

equation for (Ag/Vs)c obtained was
(Rs/Vg)e = ¢ ~ 21Pp + uL(a5+a4Dp) - G(aGuL+a2) (4-5)
where ; qg = 0.793 a3 + 326 ap + (Rg/Vg)  + 142 a3

and aj, a5, azs 4r 2g and ag are constants. (Ag/Vg) was the
selected value of (KS/VS)C at G = 326 cc/min for the n—-Hexane-
Nitrogen—-Heavy paraffin 0il system and in the 0.793 cm I.D.
absorber. The effect of the absorbex length on (Ag/Vg)y Was
then determined and (As/Vg)y expressed as Be—bH.Wﬁth;B being
thesz function of G, uL and Dp OF

A

o . ui  d _-bH _
M =)y = ke 6% uy Dp e (4-6)

S

<

The constant g, u and d were evaluated using the linear re-

gression techniques. The general equation obtained was as
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EFFECT OF GAS RATE G, LIQUID VISCOSITY-.E.L

AND ABSORBER DIAMETER ON (Ag/Vgs)c

System : n-Hexane-Nitrogen-Paraffin 0il

Light Paraffin Oil

Heavy Paraffin 0Oil

30 cc/min -

o) 100

G cc/min

L 5

4 G = 326 cc/min

Q1= 30 cc/min

245 cc/min
30 cc/min

o
n

iIOF H = 15 cm
Q= 30 cc/min

O @® G = 245 cc/min
8T O A G = 326 cc/min

°r Héavy Paraffin Oil
| A
. 0,4 0-8 |‘2
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reported previously, page 83,

(Rg/Vg) = 16.0 - {8.FDp+ 9.2x10 “u_

+ 0.33Gg (1.0 - 0.0037u;)}

Where Gg = G/60 cc/sec.

4-C. Correlation of Slug Rise Velocities

It was found that the rise velocities for non-coalescing
slugs in this study were not well correlated by a two constant
equation (II34) as had been used by previous investigators,
figure (4-2), in which (Ug/Ug,) was plotted against (g:Dp)%/UL.
This was because in addition to G, Qp and Dy the effects of
Upr Oy pg and H on US were also important. Consequently, a cor-
relation based on a similar form i.e. Ug = C1Up + Co(chp)%'
was attempted by considering Cj constant and allowing C, to
vary such that the effects of liquid phase viscosity, surface
tension, gas phase density, flow rates and absorber length on
Ug could be taken into account.

In the equation, Ug = C1Up + Co(g,Dp);ﬁ, Brown (32) has
suggested that the group (g\va);i or (g,;R);i can be written in
the more general form as (g\.ro);i with rg being the slug nose
radius. As ro has been shown (32) to be the linear function
of Rg or (R - §g) as rgy = LRoy it would be more convenient

to express (g_:ro);5 in the following form :

R
] C, %
(<3r.yro);i = (g.?;Rc);i = (g.R) (¢ )
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COMPARISON OF SLUG RISE VELOCITIES
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= e % _ 5
4(g D) * (5 BT = ColgD)) (4-8)
where ; B = (RC/R)2
Re = R - §g

Street (36) has shown that

B = £(U, NWe' ZDI NFr/NRe) (4-9)

where ; U =(Ug-Ug) /Ug

— 2

Ny, = U2

Zp = zgc/Us

As ¢ and B are both the function of similar variables, (cIS);i
might be also expected to be the function as f'(U,NWe,ZD,NFr/NRe)

or X

(zB)* = £'(U, Nygor 2Zpr Npy/Np) (4-10)

As B = (L -8o/R)Z with 8, being the equilibrium laminar
liquid film thickness, 6o is independent of %. Further, since
Ug in this study was found to virtually have no effect on 84/
see Table 4-2, it could be further assumed that S, was also
independent of Ug and the group Zp = 29./Usg in egquation (4-10)
could be omitted. The group U or (US—UL)/Us representing the

effects of fluid flow rates could be further expressed as
1.0

=~ } which, as Ug is an unknown quantity, was further
Us/Uy,

{1.0 -
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Table 4-2

Effects of Flow Rates and Liguid Viscosity on Equilibrium

Ligquid Film Thickness

H= 15 cm
System : n-Hexane-Nitrogen-Paraffin 0oil

Dp cm G cc/min Q1 cc/min "Ug cm/sec 601 cm 602(36)cm

Heavy Paraffin 0Oil

0.594 245 30 30.85 0.085 0.081
0.793 165 30 16.77 0.101 0.114
0.793 165 60 16.88 0.101 0.107
0.793 245 30 20.59 0.101 0.108
0.793 245 60 22.87 0.101 0.108
0.793 326 30 27.59 0.101 0.111
0.793 326 60 28.60 0.101 0.l1l08
1.000 245 30 18.84 0.112 0.140

Light Paraffin Oil

0.594 245 30 30.77 0.067 0.068
0.793 165 30 15.88 0.090 0.098
0.793 165 60 18.76 0.090 0.101
0.793 245 30 21.85 0.090 0.100
0.793 245 60 22.68 0.090 0.097
0.793 326 30 24.91 0.090 0.094
0.793 326 60 25.60 0.090 0.091
1.000 245 30 16.67 0.109 0.119

where Sol and 602 are the experimental and theoretical

equilibrium liguid film thickness respectively.

Aﬂ
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1.0

G/0Qy,
Ug also appeared in the other dimensionless grobups bat hiwwas

approximated as ( 1.0 - ) or (1 - 1/Ry). In addition,

howevertnotcanvenvenientaguantifyrforeuse talcalaeulations of
these groups. In practice, Ug is replaced by Ug (3), the su-
perficial gas phase velocity and in this investigation , Ug

was found to be approximately linearly proportional to Ug or

Gs/Ap. In addition, gas phase density p_ and absorber length

g
H also affected rise velocity and the effects could be taken

into account by the dimensionless groups, (pg/pL) and (H/Dp)

respectively. Therefore C, Or 4(;8);5 can be assumed to be

the function as

Co = £"{Np s (1-1/Ry) s Nprs Nygar (Pg/Pp): (H/Dp) }

d

£
or Co = koNRea(l - l/RV)b NFrc Nye (pg/pL)e (H/Dp)

where k,, a, b, C, d, e and £ are constants.

d

a b c e
Ug = C1Up, + {kgNgp (1 - 1/Ry) N o~ N (pgy/Py)

(1/Dp) 1 (g D) (4-11)

It was obvious that Cj; had to be known before the cons-
tants a, b, ¢, 4, e and f could be evaluated by linear regre-
ssion method. C; was determined by trial and error method the
minimum deviation being evaluated for a value C; equal to 1.2

as showed below,
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Cq Mean Square Deviation
1.0 1.99
1.2 1.86
1.4 2.01
1.6 2.07

consequently, the final correlation for Us was

_ _ -0.798 -0.0575 0.512

-0.163 99

-0.102 0.0 i3
Npy (pg/Pp) (H/Dp) }(g.Dp) * (4-12)

-0.8 0.5 —O-l
or U, = 1.2 Uy, + {0.098(1—17RV) N

-0.16

-0.1
(pg/Py) (H/Dp)

%
} (g Dp)

(4-13)

mean square deviation = 1.86
The experimental and predicted values of Ug were compared
in figure 4-3.

It was found that when the effects of fluid flow rates,

1 .-0.18,pg,~0-16
Pgr Uy, and H on C, were accounted for, Cg/(1- §;) (3%)
(_%_)—0.1 tended to approach a limiting value of 0.35 as @O

P
decreased or NWeo'5 NFr

correlation was then reduced to the fully developed eguation

-0.1 increased, see figure 4-4. The

Ug = 1.2 Ug + 0.35(gﬂDp)%, proposed by Nicklin et al (5).

4-D. Formation Bubble Length and the Slug Developing Region

D-1. Formation Bubble Length

Formation bubble lengths, h, were required before the

actual contact time between the slug and liguid during the
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H-h,-W
Ug :
They were measured from the photographs taken and found to

rise period could be evaluated from the equation eZ=

depend on gas rate, absorber diameter and liquid phase vis-
cosity, figure 4-5. hg increased with increasing gas rate
and liquid viscosity but decreased with absorber diameter.
Further, they were also observed to be slightly affected by

liquid rate.and absorber length. The effect of H on h0 was

illustrated in Table 4-4.

Table 4-3

Effect of Absorber Length H on Formation Bubble Length hg

Liquid Solvent G cc/min  Qp cc/min H cm h, cm

Heavy Paraffin Oil 245 30 15 0.91
245 30 40 1.01

326 30 15 1.49

326 30 40 1.18

Light Paraffin Oil 245 30 15 0.65
245 30 40 0.71

326 30 15 1.05

326 30 40 0.80

Hence, as an approximation, let
hOOL £f (G, Qs Uy, H, Dp)

By linear regression method,

a7
4. 0.937 . -0.049  0.307 ,0.0
h, = 0.84x10 3¢ oy, My H

- ~14
Dp 0.647 (4-14)

orxr



Formation Bubble Lengths hg om

- 293 -

VARIATION OF FORMATION BUBBLE LEN¢TH

hd WITH GAS FLOW RATE G
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 Figure 4-5



0.
= 0.054 (Gguy, 3/Dp0'7)

where Gg = G/60.0, with a mean square deviation of %0.17.
The predicted and experimental values were compared in figure
4-6.

Equation (4-14) was also used to evaluate hy values for
the funs with helium and Freon-1l4 carrier gases even though
h, was dependent on Pg as the error involved did not greatly

affect the results of contact time in the mass transfer

calculations.

D-2. Slug Developing Region

After formation, the bubbles became detached from the
top of the capillary and entered a region in which rapid
bubble coalescence took place. The coalescence characteris-
tics in this region can be considered to be different from
those of slugs in the upper part of the absorber. The length
of this region W also required for the evaluation of rise
period contact time and the values of W were measured from
the photographs and found to scatter randomly ranging from
1.8 to 0.9 cm. An average value was determined for all the

readings and found to be equal to l.5 cm.
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5-A. Measurement of Gas Phase Concentration

The concentration of hexane in the gas phase was deter-
mined from thermal conductivity measurements using a Gow-Mac
T.C. cell.

The temperature of the T.C. cell was maintained at around
30°C by placing it in anaammmihmnm:containerffiléédeihhahbéSbes.
The inside of the container was heated by means of a heating
tape and the temperature control was achieved by attaching
the tape to a temperature controller. The current supply to
the T.C.cell was from a Gow Mac power supply controller unit.

The cell was initially calibrated by passing carrier-
hexane gas mixture of various known compositions through one
side of the cell and pure nitrogen through the reference side
of the cell and measuring the cell imbalance with potentio-
meter. The saturated gas mixtures were prepared by passing
carrier gases through liquid phase in the saturators as pre-
viously described. The variation in composition was achieved
by changing the temperature of the second water bath.

It was previously found that the current passing through
the cell affected the magnitude of imbalance while the optimum
current was 150 milliamperes (12). In this study, for all the
experiments the current to the T.C.cell was set constant at
150 milliamperes. The gas flow rate was found to have vir-
tually no effect on the céll jmbalance. With nitrogen and
helium identical calibration curves were obtained, but with
Freon-14 the opposite effects of vapor composition on the

thermal conductivity of the nixture was observed. TwoO cali-
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bration curves were shown in figure 5-1. The Freon-1l4 curve,
though had been repeated several times, had to be carefully
checked because of the apparent inconsistency in T.C.cell
millivolt reading at zero hexane composition. Hexane compo-
sitions less than one percent in the calibration curve were
determined by condensing the hexane in the dry ice traps after
the gas mixtures passing through the absorber. Only a limited
number of experimental runs were made using the Freon-14 as
the carrier gas.

The gas mixtures after the saturators were also tested
for saturation by condensing the hexane vapor in the gas in
the dry ice traps. Further, the T.C.cell imbalances were
found to be negligible when nitrogen and helium gases were
bubbled through the paraffin oil respectively at room tempera=
ture while with pure Freon-14, the cell imbalance was about
2.0 to 2.5 M.V.which had to be accounted for in the millivolt

reading of the mass transfer runs.

5-B. Saturation of Carrier Gas with Hexane

In general, complete saturation of an inert gas with the
vapor of a liquid has been assumed after passing an inert gas
through a column of liquid. However, it has been found (85)
that complete saturation could not always assumed and the
degree of saturation was largely dependent on the gas flow
rate and residence times of the inert gas through the liquid
column. In order to check that the gas phase was saturated

with hexane, tests were made to determine the range of gas
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CALIBRATION CURVES OF T.C.CELL

#
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"~ Figure 5-1
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flow rate over which complete saturation of the carrier gas

could be expected to take place.

A schematic apparatus used for the tests is shown in
figure 5-2. Inert carrier gas flowing at a known rate entered
the saturators placed in the baths at 25 and 8°C respectively.
After passing through the saturators, the gas mixture was
condensed in a series of dry ice traps at about -78°C. The
outlet gas was then heated to room temperature and entered
the T.C.cell for analysis. The condensate collected in each
of the traps was weighed and the composition of hexane in the
gas phase calculated. This was compared with that calculated

assuming that the inert gas was completely saturated with

hexane after passing through the saturator, Table 5-1.

Table 5-1

Degree of Saturation of Tnert Gas With Hexane Vapor

G Yon Hexane Calc. Hexane Con- percent
cc/min m.f. moles densed moles Saturation
137.53 0.0926 0.01706 0.01705 99.89
135.50 0.0904 0.01678 0.01644 99.20
256.70 0.0903 0.03049 0.02974 99.50
488.00 0.0902 0.05944 0.05880 99.00
506.00 £.0902 0.06880 0.06840 99.60
709.70 0.0912 0.13660 0.13990 102.50

It was decided therefore that the inert gas flow rate

should be maintained below 500.0 cc/min to ensure complete
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saturation of the gas phase with hexane after passing through

the saturators.

5-C. Mean Volumetric Gas Flow Rates

The gas flow rates employed in this study as noted pre-

viously ranged from 165 to 326 cc/min and were the average

gas flow rates at the inlet and outlet of the absorber as

illustrated in Table 5-2.

Table 5-2

Mean Volumetric Flow Rate

atmospheric pressure = 760 mm Hg

room temperature = 25°C
Q; = 30 cc/min

Dp = 0.793 cm

Gf cc/min Yon M-£f. H cm
(z = H)

320.5 0.023 10.0

40.0

0.053 10.0

40.0

0.073 10.0

40.0

APp mm Hg G

?

3.24
11.74
3.24
11.74
3.24
11.74

Average G

5-D. Distortion of the Slug Images

In order to have an accurate measurement

cc/min
Z = 0)

325.6
322.1
335.9
332.2
343.2

339.4

= 326.29

G cc/min
(mean)

322.6
320.7
327.7
325.9
331.3
329.5

= 326

of the slug

size from the slug image projected on a calibrated screen,
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the extent of distortion of the slug image by the absorber

tube had to be determined. A distortion test was made in the

following manner. A small and round rod was used as an object.

Its length and size were first measured by a cathetometer.

Then, it was placed into the center of the absorber and the

size was again. measured. Hence, the difference of the two

measurement is simply the degree of distortion.

Exact length of the rod = 4.0 cm

O0.D.of the rod = 0.361 cm

I.D.of the absorber = 0.793 cm

Apparent length of the rod in the absorber = 4.0 cm

Apparent 0.D.of the rod in the absorber = 0.353 cm
0.353

0.361

Percentage of distortion = (1 -

) x 100%

= 2.27%

Equipment Specifications

Milroyal D Controlled Vvolume Pump

Manufacturer : Milton Roy Company

Model : DB-1-60R

Specifications : Maximum discharge rate = 135 cc/min
Accuracy : * 1% of mean delivered volume

(see calibration curve in figure 5-3)

Thermal conductivity Cell

Manufacturer : Gow-Mac Instrument Company
Model : 9454
Specification : Detector element - : 4 Tungsten filaments

Response Speed : 10 sec
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Figufe 5-3
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Power Supply Control Unit

Manufacturer : Gow-Mac Instrument Company

Model : 40 - 50C
Specification : output : 0 - 40 volts D.C.

0 - 500 ma

Rotameter

Manufacturer : Matheson of Canada
Model : 620BBV with 602 tube
Specification : Material floats : Pyrex and st.steel
Maximum flow rate : 400 cc/min with pyrex
float
846 cc/min with st.
steel float

(see calibration curve in figure 5-4)

Photographic Equipment

Hycam Camera : Model K20S1AR by Red Lake Laboratories IncC.
with @5mm and 75mm comiscar television lens,
for 1l6mm (% frames) and variable frame rate
controlled by external powex supply.

Timing light generator : Model TLG3, by Red Lake Lab.Inc.,
with a maximum frequency of 1000 cycles/sec.

Lighting : Model LCQ - II, by Berkey Colortran of 1000 walts
at 120 volt inlet and 0-300 volts outlet

Light Meter : Model spotmeter III, by Ashi Pentax

Projector : Model 900B by L-W Photo Inc.. With minimum

speed of one frame at a time.
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Figure 5-4
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APPENDIX 6

SPECIFICATIONS AND PROPERTIES OF MATERIALS

Purity and Chemical Properties
Effect of Hexane on the Physical Properties of Materials
Gas and Ligquid Diffusivities of n-Hexane

Slope of Equilibrium Line
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Purity and Chemical Properties

Nitrogen
The N, gas was supplied by Union Carbide Canada Limited

in pressure cylinder at about 2,500 psig and with a 99.9

volume percent purity.

Helium
The He gas was from the Canadian Liquid Air Limited and

was of a minimum specified purity of 99.99 volume per-—

cent He. The gas was supplied in high pressure at appro-

ximately 2,700 psig.

Freon—-14

The Freon-14 gas was supplied by Matheson of Canada Limited.
The minimum specified purity of the gas was 99.7 volume

percent.

n—-Hexane
The normal hexane used was from Fisher Scientific Company

and with a specified minimum 99 mol percent purity.

Heavy Paraffin 0oil

This oil was obtained from Fisher Scientific Company
and had the following physical properties :

Table 6-1

Heavy Paraffin Oil

specific Gravity., 25°c 0.8806
Saybolt Viscosity. 250C 335/350

Absolute Viscosity. 25°C 142 cp



Table 6-1 cont.

Initial Boiling Point at
Atmospheric Pressure

End Point of Boiling Curve at
Atmospheric Pressure

Average Molecular Weight (86)

Surface Tension

f. Light Paraffin 0il.

660°F

952°F

420 g/g-mole

37 dynes/cm

This oil was also obtained from the Fisher Scientific

Company and had the following physical properties :

Table 6-2

Light Paraffin Oil

Specific Gravity, 25°C
Saybolt Viscosity, 25°C

Absolute Viscosity, 25°C
Initial Boiling Point at
Atmospheric Pressure

End Point of Boiling Curve
at Atmospheric Pressure

Average Molecular Weight (86)

surface Tension

g. Mixtures of pParaffin Oil

0.8586
125/135
40 cp

610°F

937°F

375 g/g-mole

35 dynes/cm

In order to study the viscosity effect on the slug flow

characteristics and mass transfer rate, three different

mixtures of heavy and light paraffin oils were prepared.

Sa
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Their absolute viscosities were about 92.08, 72.24 and
61.5 cp respectively.

In the above, the paraffin oil absolute viscosities
were measured using the Cannon-Fenske Routine Viscometer by
Cannon Instrument Company while the surface tensions were

by the Cerco Interfacial Tensiometer from Central Scientific

Company, Chicago, U.S.A.

6-B. Effect of Hexane on the Physical Properties of Materials

When the inert carrier gases and paraffin oil were mixed
with hexane, a check was made of the changes in physical pro-
perties in both the gas and liguid phases. In Table 6-3, the
effects of hexane on the gas phase densities and viscosities
were illustrated, variations of gas phase viscosities with
hexane composition being calculated from the equation reported
by Curtiss and Hirschfelder (87) . Liguid phase densities, vis-
cosities and surface tensions in the presence of hexane at

various compositions were measured and shown in figure 6-1.

Table 6-3

Effect of Hexane on Gas Phase Properties

73 53
Inert Carrier Gas yon(m.f.) pg(g/cc)xlo ug(cp)xlo

Nitrogen 0.000 1.220 0.1768
0.023 1.260 0.1686
0.053 1.280 0.1591
0.073 1.290 0.1534
Helium 0.000 0.174 0.1984

0.023 0.218 0.1782



PL g/cc

o dyneS/Cm

My CP

EFFECT OF HEXANE CONCENTRATIONS ON PRCPERTIES OF MATERIALS

- 311 -

09 |
o-88%
o o) o a
0-865=— %
hd —5 S b
0845 : Heavy Paraffin Oil
o8l : Light Paraffin Oil
| ) [ {
O 0-02 004 0-06 0-08
Hexane Composition m.f.
!
40%— '
S —-
3C;E' vsv b
20~ : Heavy Paraffin Oil
: Light Paraffin Oil
| 1 1 1
O 0-02 0-04 0-06 0-08
Hexane Composition m.f.
h
lfﬁ)ng
‘l hd o O i
;i ~<&______°-s i
lOO%“ Heavy Paraffin Oil 5.
lO%— Light Paraffin Oil 1
i i | i ] ]
O 0-02 0-04 006 0-08

Hexane Composition m.f.

Figure 6-1



- 312 -

0.053 0.271 0.1587
0.073 0.304 0.1486
Freon-14 0.000 3.880 0.1881
0.023 3.880 0.1828
0.053 3.820 0.1762
0.073 3.780 0.1719

6-C. Gas and Liquid Diffusivities of n-Hexane

C-1. Gas Phase Diffusivities

The diffusion coefficients of-n-hexane in helium, nitrogen
and Freon-14 gases were determined from the Wilke and Lee (88)

formula.

Bg T3/2( 1m0, + 1/, )
P9 = P r, 2£l(kT/e T e
12 12

where ; Bg = 0.00107 - 0.000246(1/MWl + l/MWz);i

ri, = molecular separation at collision A°
= (rl + r2)/2
T = absolute temperature (°K)
p = total pressure (atm)
= (E:]_szz);i = energy of molecular interaction (exrgs)
k = Boltzmann's constant

f{(kT/elz)} = collision function

In cases where g/k or r are not directly available from
tables in literature, they were estimated from the following

relationships:
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1/3
r = 1.18 (V)

€/K = 1.21 Ty

where ; V = molecular volume or sum of atomic volume

T,, = normal boiling point (°K)

Table 6-4

Gas Phase Diffusivities of n-Hexane at 25°C and 1 atm

3 2
Carrier Gas ry, cm f(kT/elz) Dg cm“/sec
Helium 4,597 0.428 0.2740
Nitrogen 4.853 0.594 0.0813
Freon-14 5.159 0.678 0.0447

c-2. quuld Phase Diffusivities

The liquid phase diffusivities of hexane in various
paraffin oils were evaluated using the formula proposed by

Wilke (75) =

-8
7.4x10 ( XMW )%T
Dy, = 0.6 (6-2)
vy, Vp
where ; X = associationopararheteXe . ght
T = absolute temperature Ok

Vp = molal volume of hexane at normal boiling

point
No experimental value of the association parameter for

hexane in the paraffin oil was available. However, from .-

/2
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results for the diffusion coefficient of methane into oils

as reported by Hill (89) and Reamer (90), Pontanen (21) after
a private communication with Wilke calculated the apparent
association parameters for methane in oils using the Wilke
formula (6-2). The results were reproduced and showed in
figure 6-2. X was equal to 49 at 25°C. The high apparent
association factor is unrealistic indicating the unsuitability
of the Wilke formula for predicting the diffusion coefficients
in paraffin oils. Values therefore can only be considered
approximate but could be used in estimating individual liquid
phase mass transfer coefficients. The liquid diffusion coe-

fficients for n-hexane in paraffin oils are shown in Table 6-5.

Table 6-5

Diffusivities of n-Hexane in Paraffin Oils

2
Paraffin oil Uy, CP MW g/g-mole Vp cm3 Dy, cm /sec

Heavy 142.0 420.0 140.6 0.115x107°
MIX-T 92.0 397.5 140.6  0.172x107°
MIX-XI 72.3 388.6 140.6 0.217x107°
MIX-ITT 61.5 385.2 140.6 0.259x107°
Light 40.0 375.0 140.6 0.366x10"5

6-D. Slope of Equilibrium Line

The solution of paraffin gases in hydrocarbons might be
considered as an ideal solution with which Roaults Law was

i . nce
applicable at room temperature and atmospheric pressure He ’
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the partial pressure Py of n-hexane in the paraffin oil

would be
Py, = Pyx = 151 x -« at 25°C (6-3)

where P,, is the vapor pressure of n-hexane at 25°C and x the
mole fraction of n-hexane in the liquid.
At atmospheric pressure of 760 mm, equation (6-3) can

be further written as

Y (Py/760)x = 0.1988 x

= mx (6-4)



APPENDIX 7

COMPUTER PROGRAMMES
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