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Abstract

A study was made to separate the volumetric mass transfer coefficients,
k*a and k™a, into their components k”, k , and a so that the effects of
variables could be determined separately for each component. Mass transfer
rates for four packings, 1/2" and 1 1/2" Raschig rings and 1/2" and 1"
Berl saddles, made of naphthalene, were determined by vaporization into air
at gas rates from 100 to 1000 1bs./(hr.)(sq.ft,). The data were correlated

by

-0.36 -2/3
kGMMP3H DpG

1.195
G
This correlation for kP was used to determine the wetted areas of these
packings when irrigated with water, and to calculate the effective inter-
facial areas, a, from Fellinger's data for ammonia absorption. These
effective areas were then used to evaluate ki' from previously published

1

kUa data, and a correlation was obtained for all packings as follows

ko =251 Dpfo-Y
DL 7L\

The correlations for RQ and k* and the effective interfacial area data make
possible a more rigorous method for the design of packed columns than

heretofore available



Performance of Packed Columns

II. mNetted Areas, Effective Interfacial Areas, Gas Phase Mass
Transfer Rates (k*) and Liquid Phase Mass Transfer Rates (k™).

Introduction H YO -l 097

— i —Wi

To predict the performance of columns employing ring and saddle
packings for design purposes reliable data such as that of Fellinger (U)
for volumetric gas phase coefficients, k”™a, and Sherwood and Holloway (8)
for volumetric liquid phase coefficients, k™a, are used. Such coefficients
can be estimated for aqueous systems from these sources of data and
combined by the following relation to give the overall mass transfer

coefficients desired for design, for a limited number of packings*

—1_ = + —a— = —i--—-- -

KGa kQa Hk"a HK"a
Although these sources of data are considered reliable they are of question-
able value for predicting mass transfer rates for non-aqueous systems and
for packings other than those for which data are reported. An examination
of the data reveals no simple relation between packing size and performance
even for one type of packing. For this reason the data must be presented
in the form of plots or empirical equations which are of little value in
predicting the performance of packings for which data are not available.
The work of Surosky and Dodge (11) and Mehta and Parekh (7) on the vapori-
zation of organic liquids and water in packed columns and Shulman, Ullrich,
and tells (10) on total liquid holdun in carbon and da/9qelain packings
indicates the effective interfacial area is a function of the properties

of the liquids employed and the nature of the packing surface. Thus it is

unlikely that data obtained with aqueous systems and a specific packing



material can be used to estimate the performance in non-aqueous systems
or even in aqueous systems when packing materials with different surface
properties are used.

To overcome the limitations of the methods discussed a more fundamental
approach to the problem of mass transfer between phases in packed columns
must be employed. As the first and most obvious step in this direction
it would be desirable to separate the coefficients, k™ and k”, from the
effective interfacial area, a, in order to determine the effects of variables
on each component of the volumetric coefficients, kp.a and k™a, separately.

Two attempts to separate a and AQ have been reported by Shulman and
DeGouff (9) and Ireisman and Gonilla (15). The methods used were equivalent
to using kG, obtained by vaporization of naphthalene or water from special
Raschig rings of known mass transfer area, and various sources of k™a data
to evaluate a, the effective interfacial area. As no liquid was used to
irrigate the packing no attempt was made to take into account the effect
of the liquid flowing through the packing under the conditions packed
columns are operated at in practice. The recent work of Shulman, Ullrich,
and Trells (10) on total liquid holdup in packings indicates an appreciable
portion of the void space in packing may be occupied by liquid, leaving
a much smaller free space for gas flow than had been ejcoected previously.
In addition the recent work of Gamson (5), Evans and Gerald (3)> FcCune
and Irilhelm (6), and Chu, Kalil and Wetteroth (1) has shown the free space
for gas flow, t , is an important variable for correlating mass transfer
data.

The present work was undertaken to separate k%, and k™ from a, to

overcome the limitations of methods employed previously, and to obtain



correlations for k{ll and k£ in terms of all oertinent variables in order
to make possible the prediction of the performance of packings for which
data are not available. The method employed is outlined as follows,

1. Naphthalene packings (0.5-inch and 1.5-inch Raschig rings, and
0.5-inch and 1.0-inch Berl saddles) were used to obtain k™ data which
could be combined with previous work to obtain a single kG correlation,
for all ring and saddle packings, which would take into account the effect
of liquid in the packing on RQ.

2. The kg correlation was used in conjunction with Fellinger's (U)
extensive k™a data for ammonia absorption to calculate the effective inter
facial areas, a, for the five packings, 0,5> 1.0, and 1.5-inch Raschig
rings and 0.5 and 1.0-inch Berl saddles, for which total holdup data were
available.

3. The effective interfacial areas were applied to the k a data of
several investigators to obtain k" values for the five packings which coul'-
be correlated by a single equation.

U. The correlations for kg and k™ viere tested and found satisfactory
for extension to larger packings, 2.0-inch rings and 1.5-inch saddles, for
which incomplete data were available.

In addition to the studies outlined, work was done on the wetted
areca in ring and saddle packings to supply data which may be of value in
developing a method for predicting the behavior of non-aqueous liquids in

packings.



Apparatus and Procedure

A schematic diagram of the apparatus is given in Figure 1. The
apparatus has been described in detail by Shulman and DeGouff (9) except
for several minor changes which will be discussed. To imnrove control
a water storage tank was installed with a circulating pump and the air
orifice meters were renlaced by two calibrated rotameters. A new analyti-
cal technique was developed to analyze the air for naphthalene. The
optical density of air containing naphthalene, as measured in 10-cm. quartz
cells in a Beckmann Model DU photoelectric quartz spectronhotometer, was
found to be proportional to the naphthalene partial pressure. This pro-
vided a very rapid and simple method of analysis for the naphthalene.

The naphthalene Raschig rings were prepared by means of special molds
on a fast acting hydraulic press. The rings were held to close tolerances
by weighing the feed for each 1.5-inch ring and by the use of a calibrated
feed measure for the 0.5-inch rings. The 0.5 and 1.0 inch naphthalene Berl
saddles, prepared by Maurice A. Knight, have the same dimensions as that
of the porcelain Berl saddles supplied commercially by this company. The
characteristics of the naphthalene packings used are tabulated in Table I.
The naphthalene used for all the work was crushed refined "Polar" naphthalene
obtained from the Barrett Division of Allied Chemical and Dye Corporation.

To determine k™ and wetted areas for a naphthalene packing the 3-foot
by 10-inch diameter pyrex column was packed with 6 inches of rtiTDpelain
packing followed by 3 to 6 inches of naphthalene packing of the same type
and another 6 inches of porcelain packing. The puOfelain packing above

and below the naphthalene provided the gas and liquid distribution which
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was characteristic of the packing used. Air and water temperatures were
adjusted to the 20 - 23°C range and held constant to within + 0.1°C for
each run. To determine kQ with a dry packing the air rate was set at the
desired value and inlet and outlet air temperatures were checked for
constancy for a minimum of 10 minutes. Fhen equilibrium was established,
a copper air samoling line at the top of the column, which operated at

a pressure slightly above atmospheric, was opened and a 10-cm. quartz cell
vras flushed for about one minute with the outlet air. The cell stopcocks
were closed and the cell was placed in the spectrophotometer for analysis.
The optical density of the air-naphthalene mixture was determined at three
naphthalene ultraviolet absorbtion peaks, 221.75, 25B.75, and 268,75 milli-
microns, The optical densities of air saturated with naphthalene had been
measured previously at these three wavelengths at several temperatures in
the 15 - 250C range. The kG for the run was calculated by an equation
employing these optical densities which was derived as follows. As the
inlet air was free of naphthalene and a logarithmic mean driving force

is applicable beeause the partial pressure of naphthalene never exceeds

0.1 mm. Hg., we can write

kGA [(ps) - (ps - PQ>] _ GSp0

(&)
In
and since the optical density, O-, as measured by the spectrophotometer,
is proportional to the partial pressure of naphthalene
(3"
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The term containing the optical densities was evaluated for the readings

at the three wavelengths and an average value was used for each run. In
addition each run was duplicated and each kJ[i value reported is the average
value for two or more runs at the same conditions. An attempt was made

to keep the outlet air naphthalene concentration in the neighborhood of

0 - 60 $§ saturated. This was not always possible with the smaller packings
at lower air rates, and these data scattered as a result. The naphthalene
concentrations could be duplicated within two percent.

To determine the wetted area of the naphthalene packings when they
were irrigated with water, a similar procedure was used except that Equation
3 was rearranged so that kuA was evaluated for the dry area. The corres-
ponding kG was calculated from the correlation of the data obtained with
the dry packing so that the dry area, A, could be calculated and the wetted

area found by the difference from the total surface area.

09



Properties

Nominal size, inches
Height, inches(

Outside diameter, inches(
Tall thickness, inchesC
Void fraction, dry

No, of pieces per cu. ft.

Surface area oer piece, sq. ft.

Surface area, (sq.ft.)/cu.ft.)®

Table 1

«

of Naphthalene Packings

Raschig Rings

0,5
0.50
o0.50

0.0938
0.630d

10,700d

0.0105d

H3

Diameter of eauivalent sphere, ft-d 0.0578

a. From data of Shulman and DeGouff (9)

1.0a
1.0
1.0
0.125

0.758d

J
1,220
0.0h30d

52.5

0.1167

b. From data of Maurice A, Knight, Akron, Ohio

c. From measurements

d. Calculated

i.5

1.5

1.5

0.250
0.688d

366d

0.0955d

35.0

0.17U0

Berl Saddles

0.5

0.660°
15,000¢
0.00888

133

0.0532

1.0

0.695°

1,810°

0.03U6!
6206

0.105



Experimental Results

Mass Transfer in Dry Naphthalene Packings. The data obtained vrith
the dry naphthalene packings are shown in Figure 2 with the data of Shulman
and DeGouff (9) for 1,0-inch rings as a plot of the mass transfer factor,
versus a modified Reynolds number. The equation for the best line

through the points is
N%%* 1 i jLXq 153 DpG -0.36

G | pG = 1a95; )
- o

D
-6

Other methods of correlation were tested, such as those suggested by Gamson
(3) and Taecker and Hougen(12), but the one used was found to represent

the data best. The correlation includes the void fraction, 6 , which makes
it possible to take into account the effect of liquid in the packing when
the total holdup is known under operating conditions. In Figure 3 the

data are conpared with the extensive data of Ghu, Kalil, and Wetteroth (1)

m

on fixed and fluidized beds of a variety of particles coated with naphtha".en
The agreement is good, vrith the best line for Chuls data (not shown on
Figure 3) lying slightly below the line recommended by the authors. The
broken line on Figure 3 represents the equation
]-0cUU
3D = 1.77 PpG 5)
LA~G(1 -€)d

which Chu obtained as the best line representing his data and that of
numerous previous investigators for fixed and fluidized beds.

Figure K compares the authors' line -with the data of Taeker and Houger.
(12) obtained by vaporizing water from porous packings. There is good

agreement for the Berl saddle data, but each series of data for the rings
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FIG. 2, MASS TRANSFER FACTORS FOR NAPHTHALENE PACKING
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shows increasing disagreement at the higher Reynolds numbers corresponding
to high gas rates. A possible explanation of this type of behavior for
wetted porous rings may be an incompletely wetted surface brought about
by the inability of the water to migrate to the surface fast enough to
keep the surface completely wetted. It is interesting to note that the
Berl saddles used by Taecker and Hougen (12) were prepared by Maurice A.
Knight by molding and the Raschig rings were prepared by the authors by
extrusion. The differences in preparation may have resulted in porous
materials with different properties. The good agreement with the Berl
saddle data and the Raschig ring data at the lower gas rates is an indication
that the Schmidt number to the 2/3 power is capable of correlating data

of different systems.

Wetted Area in Naphthalene Packings. The wetted areas for irrigated
naphthalene packings were divided by the total surface areas,, listed in
Table I, and are presented in Figures 5j 7> 8, and 9 as the fraction of
the total area wetted. Figure 6 shows the data of Shulman and DeGouff (9)
for 1.0-inch Raschig rings recalculated by means of Equation U for kr and
the total holdup data of Shulman, Ullrich, and Wells(10). The loading
points shown in these figures are obtained from the work of Tillson (13).
For all the packings the wetted areas increase with increasing liquid rate
and decrease with increasing gas rate usually until the loading point is
reached when the lines tend ‘to become horizontal or even show an increase
in wetted area at still higher gas rates. The unusual effect of gas rate
was first reported by Shulman and DeGouff (9) and was found again for the

four packings used in this work. The explanation of this phenomenon
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as offered in the earlier vrork seems to be valid. It will be shown later
that the effective interfacial areas also decrease at increasing gas rates
for low liquid rates.

The wetted arca data obtained in this work can be correlated by a
line for each type of packing as shown in Figure 10. For some unknown
reason the data of Shulman and DeGouff (9) for the 1.0-inch rings scatter
badly on this type of plot. The equations of the two lines in Figure 10

arc

(6)

for Berl saddles and

for Raschig rings.

$339 IS



LOADING POINT

0.5 IN.
RASCHIG RINGS

FRACTION OF TOTAL AREA WETTED

500 1000
G, GAS RATE, LB./(HR.)(SQ.FT)

FIG. 5, WETTED AREA FOR 0.5 IN. NAPHTHALENE RASCHIG RINGS



LOADING POINT
RASCHIG RINGS

FRACTION OF TOTAL AREA WETTED

500 1c
G, GAS RATE, LB.(HR.(SQ.FT.)

FIG 6, WETTED AREA FOR 10 IN. NAPHTHALENE RASCHIG RINGS
CALCULATED FROM DATA OF SHULMAN AND DEGOUFF
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FIG. 7, WETTED AREA FOR 15 IN. NAPHTHALENE RASCHIG RINGS



cn
cn

D

IO

CP

LOADING POINT

0.5 IN.
BERL SADDLES

500 10<
G, GAS RATE, LB./(HR.)(SQ.FT)
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FIG. 10, CORRELATION OF FRACTION WETTED FOR NAPHTHALENE PACKINGS
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Effective Interfacial Area

A correlation for such as given by Equation U, makes it possible
to calculate the effective interfacial area, a, from reliable sources of
k™a data. The data of Fellinger (U) for ammonia absorption in water
employing nine ceramic packings seems to be the most complete and reliable
source of data. Shulman, Ullrich, and Hells (10) have been able to explain
the reason for the large differences between kUa obtained by vaporization
and absorption techniques on the basis of total and operating holdups.

On the basis of their explanation it should be emphasized that the effective
interfacial areas reoorted here are valid for absorption work. For vapori-
zation of water the effective area is greater by a factor equal to 0.85
times the ratio of total to operating holdup at the liquid and gas rates
employed.

Fellinger's (H) data were corrected for liquid phase resistance
by means of the Sherwood and Holloway (8) correlation and divided by the
corresponding kU obtained from Equation U and the holdup data of Shulman,
Ullrich, and Wells (10). Figures 11, 12, 13, 15, and 16 present the
effective interfacial areas for the packings for which both absorption
and holdup data are available. Figures 4. and 1? present these areas for
2.0-inch rings and 1.5-inch saddles employing holdups estimated by means
of correlating equations given by Shulman, Ullrich, and ells (10).

The loading point line on each figure was obtained from the data of
Tillson (13).

An examination of these plots shows the.,effective interfacial area

increases with increasing liquid rate and is fairly independent of gas

rate although in general it increases with gas rate at high liquid rates,

23
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decreases at the lower liquid rates and is independent at the intermediate
liquid rates. The behavior at low liquid rates is similar to that of the
wetted area. A comparison of wetted and effective areas reveals some
important differences. Wetted areas increase as packing size decreases.
The effective area, however, is smallest for the smallest packings in
spite of the fact that they possess the largest total surface and wetted
area. The effective area seems to go through a maximum for the 1.0-inch
rings and saddles although the larger packings have almost as much effective
area. It may be possible to explain these results with the holdup studies
mentioned previously (10). The small packings were found to have very
large static holdups which exist in the packing as pockets of almost stag-
nant water. This water can account for the large wetted area, but it is
practically useless for absorption because it comes to equilibrium with
the gas very rapidly. The water which runs through the packing, corres-
ponding to the operating holdup, flows through the numerous crevices at
the points of contact in the small packing, exposing a relatively small
sxirface area.. In the larger packings there are fewer points of contact
and resulting crevices so that the water must spread out over the surface,
and the effective area is more closely related to the wetted area.-
Further work is planned on the relations between wetted area, holdup,
and effective area, and the effects of liquid and packing properties. It
is hoped that a method can be devised to predict the effective interfacial

area for non-aqueous systems and various packing materials”
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Correlation of kj for Rings and Saddles

Shervrood and Holloway (8) have obtained kLia data for nine ceramic
packings by desorption of slightly soluble gases from water* Some of
this work has been checked by other investigators such as Deed, Schutz,
and Drew (2) and Vivian and rrhitney (1H, 16) with good agreement. .As was
pointed out earlier there is no way to correlate the kj.a data for the
different packings., Fith the effective interfacial areas for absorntion
as shown in Figures 11 to 1? inclusive, it is a simple matter to extract
ki- and attempt a generalized correlation. Figure 18 shows the best
correlation that could be obtained from the three sources of data cited
above. For some of the packings it was possible to extrapolate with confi-
dence the effective interfacial arecas to liquid rates well above those
shown in Figures 11 to 1?. The line drawn in Figure 18 is the best line
through the points for 0.5,.1.0, and 1.5-inch rings and 0.5 and 1.0-inch
saddles. The poin+s for 2.0-inch rings and 1.5-inch saddles, which are
based on effective interfacial areas calculated from Fellinger's (U)
data, Equation U for k” and estimated holdups, are also in good agreement
with this line. This 1s an indication that the correlations for kt, kg, and
holduo can be used to nredict the performance of packings for which com-
plete data are not available.

The equation for the line in Figure 18 is

kKLDp =2SarDpmo.15

Dt ®

L1

It can be seen that k” is independent of gas rate so k™a can be exnected

to vary with gas rate as a does as shown in Figures 11 to 17, inclusive.

SS99 32
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This observation seems to contradict that of Sherrood and Wolloway (8) who
found k”a to be independent of gas rate up to loading. Their statement,
however, seems to be based on data obtained with 1.5-inch rings at a
liquid rate of 2000 (1bs.)/(hr.,)(sq.ft.). An examination of Figure 13
shows a to be just about independent of gas rate at this liquid rate so
k-"a should also be independent. It should be noted that it would not be
serious to neglect the effect of "as rate with large packings but some
of the small packings do show an appreciable effect at the high and low
liquid rates.

Equation 8 will predict the effects of temperature and diffusivity
as found by Sherwood and Holloway (8). If further work on effective
interfacial areas makes possible predictions for non-aqueous systems it
will be possible to use Equations U and 8 to predict the performance of

ring and saddle packing for all systems.
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Summary of Results and Conclusions

For Raschig ring and Berl Saddle packings mass transfer rates can
be predicted for the gas phase by

1.195
(02}

and for the liquid phase by

kfDp
25.1 6)

u. hJ

The effective interfacial areas, a, for absorption and desorption
are given for seven packings in Figures 11 to 1?, inclusive, and those
for vaporization can be estimated from these by applying a factor equal to
0.85 times the ratio of total holdup to operating holdup.

The wetted areas for five packings, Figures 5 to 9, inclusive, are

not related in any simple manner to the effective interfacial areas.

J
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Notation

total dry surface area, sq. ft,
effective interfacial area, (sq.ft,)/(cu.ft,)
wetted area, (sq.ft,)/(cu.ft,)

total surface area, (sq.ft,)/(cu.ft.)

. diffusivity of solute in liquid, (sq.ft,)/(hr.)

diameter of sphere possessing the same surface area as a piece
of packing, ft.

diffusivity of solute in gas, (sq.ft.)/(hr.)

superficial gas rate, lbs./(hr.)(sq.ft.)

Henry's law constant, 1b. moles/(cu.ft.)(atm,)

mass transfer factor

overall mass transfer coefficient, lb. moles/(hr.)(sq.ft.)(atm.)
gas phase mass transfer coefficient, 1b. moles/(hr.)(sq.ft.)(atmo)

overall mass transfer coefficient, 1b. moles/(hr.)(sq.-ft.)
(Ib. moles/cu.ft.)

liquid phase mass transfer coefficient, lb. moles/(hr.)(sq.ft.)
(Ib. moles/cu.ft.)

superficial liquid rate, lbs./(hr.)(sq.ft.)
mean molecular weight of gas, 1b./(Ib. mole)
total pressure, atm

mean partial pressure of inert gas in the gas phase, atm.

= partial pressure of naphthalene in outlet air, atm.

= vapor pressure of naphthalene, atm.

= column cross-sectional area, sq. ft*



Notation (continued)

Greek Letters:

a = optical density
= optical density of outlet air
- optical density of air saturated with naphthalene
= void fraction, ou.ft./(cu,ft.)

f-AG = gas viscosity, lb./(hr.)(ft,)

f-~L = liquid viscosity, 1b./(hr.)(ft.)

prG = gas density, lb./(ou.ft.)

Pi- = liquid density, 1b./(cu.ft.)
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Table II
Packing: 0,5-inch naphthalene Raschig rings
Air Temperature: 2100 - 22.5°C
Void Fraction, Dry: 0,630
Number of Pieces of Packing Used: lip50
Total Prea, Dry: 15.3 sq. ft.

Total Pressure: 1.06 atm.

G In gs DpG
A CXS - o Ko D /UGa -€)
AV
100 2.08 0.231 0.1332 362
200 1.599 0.356 0.1015 72U
300 1.51 0.50U 0.0963 1082
U25 1.3U3 0.63U 0.0857 1528
5Uo 1.228 0.735 0.0783 19h7
696 1.16 0.89U 0.0738 2510

910 0.936 0.9U1 0.0596 3270



Table III
Packing: 1.3-inch nanhthalene Raschig rings
Air Temperature: 21,3 - 21.8°C
Void 'Traction, Dry: 0.688
Number of Pieces of Packing Used: 160

Total £rea, Dry: 13,23 sq. ft.

Total Pressure: 1.06 atm.

G La?s—ao_ u 3D Ppo
AV
28%1 0,936 0.260 0.0397 3200
301 0,873 0,291 0.0338 3830
123 0.833 0.391 0.0330 3Uio
619 0.7)47 0.310 0.0U73 7880
696 0,702 0.3U0 0.0uU7 8870
813 0,673 0,603 0.0i)27 10300
909 0.6140 0.6m 0.0U07 11360
.003 0.393 0.638 0.0378 12790
.200 0.370 0.733 0,0363 13280
201 1.02 0,226 0.06m 2360
300 0.733 0.U3i 0.0)482 6880
813 0.632 0.383 0.01413 1031;0
131 1.129 0.188 0.0716 1912
363 0.833 0.3U3 0.03h3 14620

100 1.232 0.137 0.0783 1279



100

151

201

251

301

363

58

178

178

126

77

58

100

Packing: 0.5-inch naphthalene Berl saddles

Air Temperature:

I =

Table IV

21,1 - 22,5°C

Void Fraction™ Dry: 0.660

Number of Pieces of Packing:
Total Area, Dry:

Total Pressure:

6‘1

I =as

-a-s —aj

2.bk
2.29
1.96
1.688
1.675
1.U88
2.U05
1.798
1.785
1.865
2.075
2.10

2.015

AV

15.15 sq

1,06 atm.

0.272
0.383
0.1138
0.U70
0.561
0.600
0.15U5
0.35U0
0.352
0.259
0.1775
0.135

0.22U

1720

0.1568
0.1U7
0.126
0,108
0.1075
0.095U
0,1514
0.1152
o.11w
0.119
0.1335
0,161

0.129

22

DPG

'

/alu—c

359
500

719

898

1079

1300

206

636

636

Us1

276

206

359
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Table IV (continued)

6 Ine iG ID o
@5 Ao, Wi -€)
Number of Pieces of Packing: 1U20
Total Area, Dry: 12.5 sq. ft.

' 301 1.208 0.U90 0.0939 1079
251 1.332 0.U52 0.10U 898
201 1.373 0.372 0.1069 719
17R 1.623 0.389 0.126 636
126 1.61 0.273 0.125 1|51

Number of Pieces of Packing: 1100

Total Area, Dry: 9.7 sq. ft.
151 1.282 0*336 0.1282 5Uo
100 1.538 0.268 0.151 359
77 1.672 0.225 0.1682 276
58 1.91 0.192 0.191 206
562 0.850 0.826 0.08U8 2015

77 1.69 0.227 0.1692 276



1003

909

813

696

619

5Uo

U25

363

301

251

201

151

100

363

813

1200

N 2h

Table V
Packing: 1*0-inch naphthalene Berl saddles
Air Temperatur: 21*2 - 21,8°C
Void Traction, Dry: 0.695
Number of Pieces of Packing Used: kSO
Total Area, Dry: I5»h5 sq. ft.

Total uressure: 1.06 atm.

Tin i DpG

. k D

I as-Ccy 1UEM-€)
0*779 0.853 0.0590 7910
0*806 0.797 0.0507 7160
0.78U 0%695 0.0592 6500
0.863 0.655 0.0552 5580
0%895 0.603 0.0563 5870
0.935 0.552 0.0590 5250
1.022 0.575 0,0655 3350
0%995 0.395 0.0627 2855
1.109 0.365 0.0698 2370
1%198 0.328 0.0755 1970
1.295 0.2«5 0.0815 1585
1* hh3 0.237 0.0907 1187
1.6U5 0.180 0.1035 791
1.071 0.525 0.0675 2855
0.806 0.712 0.0506 6500
0,695 a. 905 0.0536 9550

6539
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100

201

301

363

U25

5Uo

151

201

251

100

301

151

126

i

L

Packing:

Air Temperature:

Water Temperature:

0,5-inch naphthalene Raschig rings

~3

Table VI

21,3 - 21,7 C

Void Fraction, Pry: 0,630

21,2 - 21,5°G

Number of Pieces of Packing Used: 11*50

Total Area, Pry:

Total Pressure:

CXs
n JR—

a-a
s

1.092
1.175
1.033
1.028
0.970
0.925
1.11*8
1.198
1.112
1.121
1.082
1.201*

1.100

Qlpy

15.3 sq. ft.

1.05 atm.

(k*A) dry

L

= 1000

1.81*

3.95

5.21

6.25

6.90

8.375

2.99

1*.03

U.68

1.89

5.h7

3.ol*

2.32

A dry

7.12
9.78
10,00
10.62
10.55
10.97
8.90
9.98
10.06
7.29
10.5
9.05

7.73

25

Fraction
I'retted

0.531%*

0.361

0.31*6

0.306

0.311

0.283

0.1*18

0.31*8

0.31*%2

0.521*

0.311%*

0.1*08

0.1*95
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Table VI (continned)

"inO— ]
G aS’_an (kQA) dry A dry F\I;?gt?e%n
— AV
L = 2500
201 0.912 3.08 5.83 0.619
301 0.920 h.65 8.70 0.1%31
U25 0.9UU 6.7U 10.09 0.31%1
363 1.009 6.15 10.30 0.327
251 1.0U8 U.h3 9.37 0.388
100 0.887 1.U9 5.68 0.629
151 0.932 2.36 6.88 0.551
251 1.002 U.2U 8.95 0,1%15
330 0.960 5.30 9.37 0.388
301 0.971 1t.90 9.16 0.1%01
363 0.952 $.19 9.71 0.365
U25 0.896 6.38 9.56 0*375
L = 5000
100 0.708 1.195 U.18 0.726
151 0.87U 2.210 6.39 0*582
201 0.9614 3.25 7.63 0.501
251 0.978 h.13 8.146 0,1%1%6
301 0.900 U.56 8*12 0.1*69
339 0.815 U.63 7.72 0.502
126 0.775 1.6U 5.3 0.657
251 0.88U 3.73 7.61 0.502
301 0.832 U.22 7.51 0.509
201 0.855 2.88 6,77 0.557

853
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Table VI (continued)

G In___gﬁ _______ (kQA) dry A dry Fraction
_ as' ao Wetted
AV
L = 10,000
100 0.565 0.95k 3.U1 0.777
126 0*606 1.28 3%96 0.7142
151 0.62U 1.58 3%73 0.756
178 0.5U5 1.628 3.93 0.7ii3
126 0.60)4. 1.275 3.96 0.702

8533



100

151

201

27

301

363

U23

5Uo

619

696

813

909

.003
301

Packing:

H-L
Table VII

1.3-inch naphthalene Raschig rings

Air Temperature: 21.2 - 21.3°C

Water Temperature:

Void Fraction, Dry: 0.688

20.8 - 21,6°C

Number of Pieces of Packing Used: 160

Total Area, Dry: 12,23 sq. ft.

Total Pressure: 1.06 atm.

fin

L a="a

0.830
0,760
0.722
0.668
0.620
0.620
0.399
0.376
0.3U8
0.321
0.313
0.301

0.U83
0.668

0.U82

1

(e}

(kQA) dry
AV

L = 1000
1.U33
1.923
2°kb
2.82
3.Hi
3.78
u.27
3.2U
3.70
6.10
7,03
7.6U
8.20
3.38

7.36

A dry

9.06

9.36

9%97

9.87
10.10
10.30
10.80
11.33
11.27
11.22
11.70
11.78
11.83
10.38

11.33

28

Fraction
Wetted

0.U06
0.386
0.3U6
0.333
0.338
0.311
0,292
0.236
0.261
0.26U
0.233
0.227

0.223
0.306

0.236
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Table VII  (continued)

ilnO-3 ]
G (kGA) dry A Dry Fraction
I_asYao! Fetted
— —'AV
L = 2500
100 0.702 1.182 7.U1 0.511;
151 0.672 1.161 5.58 0.631)
201 0.6U2 2.17 8.66 0.1)32
251 0.609 2.58 8.9U 0.1)11)
301 0.582 2.96 9.12 0.1)02
363 0.5U8 3.36 9.20 0.397
U25 0.532 3.80 9.1)1 0.383
500 0.507 l4.61 9.82 0.356
619 0.501 5.22 10.20 0.331
696 0.1)89 5.73 10.38 0.319
813 0.U57 6.2U 10.21 0.330
909 0.h57 7.00 10.62 0.301)
1003 0.U38 7.12 10.55 0.308
909 0.UsU 6.93 10.50 0.311
1003 0.UU2 7.U6 10.60 0.305
L = 5000
100 0.585 0.936 5.77 0.651)
151 0.6014. 1.U53 6.88 0.588
201 0.606 2.05 7.98 0.522
251 0.565 2.38 8.16 0.511
301 0.5U8 2.77 8.1)1) 0.U95
363 0.525 3.20 8.61) 0.U83
U25 0,515 3.68 9.00 0.1)61
5Uo 0.1)66 h.2U 8.88 0.1)68

6539 AS



619

696

813

909

.003

100

151

201

251

301

363

U023

5Uo

619

696

813

909

(continued)

OLt

In-
Cls —ao AU

0.UP2

0.U60

0.U6U

0.U38

0.U18

0.533

0.579

0.55U

0.512

0.U82

0.U52

0.14.12

0.398

0.375

0.361

0.350

0.3U3

0.500

(ICQA) dry

L = 5000
5.01
5.38
6.32
6.68

7.06

= 10,000
0.911
1.U65
1.870
2.16
2.UU
2.75
2.98
3.67
3.95
k.27
U.75
5.31

1.71

A dry

9.62
9.56
10.07
9.87

9.72

5.27
6.75
7.19
7.2U
7.28
7.25
7.08
7.50
7.32
7.30
7.22
7.32

6.58

30

Fraction
Wetted

0.U2U
0.U23
0.397
0.U09

0.1418

0.68U
0.596
0.570
0.566
0.5614
0.566
0.576
0.551
0.562
0.562
0.568
0.562

0.606

6533 49
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Table VIII

Packing: 0.3-inch naphthalene Berl saddles
Air Temperature: 21.1 - 23.2°C

Water Temperature: 21.0 - 23.0°C

Void Fraction, Pry: 0,660

Number of Pieces of Packing Used: 11j00
Total Area, Pry: 12.3U sq, ft.

Total Pressure: 1,06 atm.

G (kGA) dry A dry Fraction
AN et wetted
AV
L = 1000
100 0.810 1.363 3.11 0.386
363 0.70U U.31 7.11 0.U2U
U23 0.663 1].72 7.08 0.U26
5hO 0,610 3.33 7.08 0.14.26
619 0.390 6.11 7.16 0.14.20
696 0.363 6.39 7.11; 0.U21
813 0.331 7.21 6.86 o.UUU
1003 0.1179 8.06 — —
231 0.718 3.02 6.28 0.U91
909 0.307 7.70 — —
301 0.718 3.68 6.83 0.UL-3
231 0.718 3.03 6.28 0.U91
U23 0.663 U.73 7.08 0.U26
3Uo 0.613 3,39 7.13 0.1;21
100 0.733 1.2it U.3U 0.632
131 0.736 1.921 3.38 0.3U8
201 0.708 2.U0 3.78 0.332



Table VIII (continued)

G In a- (kGA) dry A dry Fraction
ct - aal Wetted
“AV

L = 2500
100 0.55U 0,931 3.U5 0,720
151 0.60U 1.5U5 14.141 0.6142
201 0.60)4 2.03 [4.82 0.610
251 0.5914 2.1495 5.114 0.58)4
301 0.582 2.914 5.38 0.56U
U25 0.615 h.39 6.1414 0.1478
619 0.565 5.87 6.70 0.1457
696 0.536 6.27 6.52 0.1472
N 0.501 6.82 — —
1425 0.60U 1.32 6.314 0.1486
5140 0.588 5.314 6.69 0.1458
363 0.615 3.76 6.10 0.506
201 0.636 2.15 u.97 0.597
696 0.5U8 6.141 —

L = 5000
100 0.1482 0.816 2.9U 0.762
151 0.518 1.392 3.85 0.688
201 0.530 1.796 14.114 0.6614
25! 0.514-8 2.320 14.60 0.627
301 0.55U 2.816 5.02 0.593
363 0.530 3.21i5 5.1i0 0.587
U25 0.530 3.80 5.U0 0.562
500 0.530 14.814 — —
580 0.513 5.02

51



Table VIII (continued)

G 5m (kQA) dry A dry Fraction

_a"ad wetted

AV
L = 10,000

100 0.36)4 0.618 2.15 0.826
151 0.1425 1.079 2.89 0.766
178 0.1422 1.262 3.03 0.7514
201 0.1438 1.1485 3.29 0.733
251 O.l14614 1.962 3.75 0.696
301 ©-1467 2.375 U.00 0.676
3U8 0.U19 2.155 3.26 0.736

6539 02
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Table IX
Packing: 1.0-inch naphthalene Berl saddles

Air Temperature: 21.7 - 22.7°C

Water Temperature: 21.5 - 22.6°C
Void Fraction, Dry: 0.695

Number of Pieces of Packing Used: U75
Total Prea, Dry: 16.32 sq. ft.

Total Pressure: 1,06 atm.

(11

G /5\ éass (k@rA) dry A dry Fraction
= T etted
AV
L = 1000

100 0.752 1.26h 6.5k 0.599
151 0.770 1,9bb 7.76 0.52k
201 0.770 2.59 8.66 0.k69
251 0.770 3.2k 9.36 0.k26
301 0.713 3.57 9.22 0.k35
363 0.708 k.31 9.88 0.395
bh2< 0.683 k.88 10.0k 0.38k
251 0.775 3.28 9.k7 0.k20
619 0.658 6.86 11.15 0.316
696 0.628 7.32 11.08 0.322
813 0.59U 8.12 11.15 0.316
909 Q.59)-i 9.08 11.59 0.290
1003 0.565 9.575 11.k9 0.296
813 0.590 8.08 11.09 0.321

500 0.668 6.09 10.79 0.3k0
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Table K (continued)

G In___?_ﬁ _______ (kQA) dry A dry Fraction
N 0-. - a,_,_'/v netted
L = 2500
100 0.582 0,986 5.06 0.690
151 0.596 1.515 5.85 0.61%2
201 0.631 2.19 7.21 0.558
251 0.610 2.S8 7.35 0.51%9
301 0.636 3.235 8.21% 0,1*91*
363 0.591% 3.035 8.23 0.1%¥91*
1%25 0.591 [* 21% 8.63 0.1*71
500 0.551* 5.15 8.87 0.1*56
619 0.560 5.84 9.38 0.1%25
696 0.571 6.74 10,05 0.381*
813 0.531 7.31 9.82 0.398
909 0.519 7.99 9.91% 0.390
1003 0.513 8.75 10.29 0,370
363 0.605 3.73 8.1%3 0.1#%81*
L = 5000

100 0.1*¥70 0.802 It. 03 0.753
151 0.1*76 1.218 1*.76 0,708
201 0.1%61* 1.581 5.09 0.688
301 0.531* 2.73 6.81% 0,581
363 0.525 3.231% 7.11% 0,562
1*25 0.525 3.78 7.56 0.537
51%0 0.507 1*.65 8.03 0,503
619 0.507 5.32 8.31* 0.1*89

6539
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able IX (continned)

G In---------—- (k*A) dry A dry Fractior
a -a, Wetted
— - AV
L = 5000

696 0.501 5.91 8.57 0.1)75
813 0.507 6.98 9.20 0.1)36
909 0.189 7.52 9.19 0.1)37
1003 0.U76 8,12 9.31 0.1)30
251 0.507 2.16 6.08 0.628
201 0.1:89 1.67 5.38 0.670
100 0,1i6)i 0.790 3.97 0.756

L = 10,000

100 0.372 0.631). 3.11 0.810
151 0.U06 1.0)4 3.93 0.759
201 0.1)15 1.1405 u.nl 0.728
251 0.U12 1.76 =.88 0.701)
301 0.U25 2.171; 5.21) 0.679
363 0.U32 2.66 5.7U 0.61)8
U25 0.1)19 3.02 5.91 0.638
500 0,1)25 3.90 6.119 0.602
619 0.1)02 1).22 6.13 0.606
696 0.1)06 1).78 6.70 0.590
813 0.385 5.30 6.68 0.591

909 0.3DD) 5.29 — —
968 0.296 14.86 — o
100 0.336 0.57h 2.91) 0,818
151 0.365 0.933 3.60 0.780
100 0.336 0.571) 2.91) 0.818

£t;qq 55



