V = volumetric flow rate; L/t

W = total weight of particles in the bed, M

A = operator indicating a change

¢ = void fraction = 1 — (W/AcLps), dimensionless

u = viscosity, M/Lt

p = density, M /L3

ps = density of solid, M/L3
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Mass-Transfer Coefficient and Pressure-Drop Data of

Two-Phase Oxygen-Water Flow in [

Packed with Static Mixers

Liang T. Fan,” Hsiu H. Hsu, and Kang B. Wang

ubble Column
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The mass-transfer coefficient'and pressure-drop data of
an oxygen—water flow system through a bubble column
packed with static mixers (Koch type) are presented.
Compared with the data of an unpacked column, the
results show that the mass-transfer coefficient is almost
doubled, while the pressure drop only increases slightly.
A bubble column packed with the static mixers appears
to be effective in aeration or oxygenation systems; thus,
the data presented here should be of practical value.

The versatility of static mixers has been recognized in
recent years (3, 4). Several different types of static mix-
ers are available on the market. Among them, the Koch
(or Sulzer) static mixer is the latest design. The Koch
static mixer may be suitable for use in an aeration or ox-
ygenation system. This communication presents some re-
sults on measurements of oxygen transfer rate and pres-
sure drop in a bubble column packed with the static mix-
ers.

The static mixer is constructed of layers of corrugated
sheet metal (Figure 1) or plastics. When oxygen passes
through the static mixer concurrently with water flow,
small and uniform bubbles are generated as can be seen
in Figure 2. These bubbles mix thoroughly with water
through open and intersecting channels of the static
mixer. The rate of oxygen absorption by water should be
highly enhanced through the combined effect of in-
creased interfacial surface area, effective radial mixing,
and lengthened gas-liquid contact time. However, the in-

' To whom correspondence should be addressed.
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crease in pressure drop through the static mixer over the
same size of unpacked column should not be excessive
because of the uniformity, geometrical simplicity, and rel-
atively large number and magnitude of channel openings
in the mixer unit.

Experimental

The schematic diagram of the apparatus is shown in
Figure 3. Koch static mixers with spacers were packed in
the bubble column of 4-in. diameter. Tap water was
pumped from a water tank through a rotameter to the
bottom of the column. Oxygen from an oxygen cylinder
flowed through another rotameter to a 3/4-in. nozzle at
the bottom of the bubble column.

Dissolved oxygen concentrations at the bottom and top
of the bubble column were measured by using a galvanic
cell oxygen analyzer marketed by the Precision Scientific

Figure 1. Koch static mixer AY type, whole element (//D = 1)
and half element (//D = 1/;), D = 4 in.



e

1op watst

manomeatar

e L. ougen
Figure 3. Schematic diagram of apparatus
Water flow rate
L, 6PM
2 8.6
© 244
4 316
a 4.7
X 513
L
X
34 o
\n
G o
32t e T
—  a
\A
= \ e
® A \\Q
=il ol ¥
>
<
241
22r
20,

2 B 4 5 L]
Oxygen fiow rate, G, SCFM

Figure 4. Pressure drop in bubble column with five whole mixer
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Figure 5. Mass-transfer coefficient in bubble column with five
whole mixer elements

Co. The oxygen analyzer has a sensitivity of £0.1 mg/l.
between 5-35°C (40-95°F) with a repeatability of £0.1
mg/!. The thermistor used along with the oxygen analyzer
has an accuracy of +0.1°C (0.2°F). The pressure drop
through the packed section of the column was measured
by a manometer. The distance between these two mea-
suring points was 30 in. The static mixers used were AY
type (7) with layer height 0.5 in. and hydraulic diameter
0.68 in. The experiments were carried out at five water
flow rates ranging from 8.6 to 51.3 gpm. At each water
flow rate, five oxygen flow rates ranging from 1 to 6 scfm
were used.

Resulis and Discussion

The experimental results of the pressure drop and
mass-transfer coefficient in the bubble column with five
whole elements are shown in Figures 4 and 5. The values
of the pressure drop and mass-transfer coefficient inter-
polated from these figures at certain selected oxygen
flow rates are listed in Table | for comparison. The pres-
sure drop reported here is the net pressure drop due to
hydraulic head, frictional force, and buoyant force. Pres-
sure drops through the unpacked column have been ob-
tained separately and are also listed in Table |. As can be
seen, the ratio of pressure drop through the bubble col-
umn to that through the unpacked one is slightly greater
than or close to one.

Because the solubility of oxygen in water is very small
and the pressure in the column is nearly constant at 1
atm, the mass-transfer coefficient Kya can be calculated
from dissolved oxygen data as:

X*—XB

L
Kra _Ahm = xp

The saturated mole fraction of oxygen in water, x*, can
be calculated from Henry's law (2). The experimental
values of Kpa for the unpacked bubble column, as well
as for the packed one, are listed in Table |. As shown in
the table, the ratio of K a values in the packed column to
those in the unpacked one varies between 1.4 and 3.0.
Since the rate of oxygen absorption is proportional to Kpa
and the power required is proportional to AP, the ratio of
[(Kra)s/(Kpa)ol to [(AP)s/(AP)s] can be considered as
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, Table I. Summary of Results
Atmospheric temp = 90°F; water temp = 63.5° £ 1.0°F; atmospheric press = 29.8 in.

(aPYs, (4P, (4P (Kzads, Ib - (Kzado, Ib (Keads  (Kza)s [(AP);
U, gpm G, scfm in. water in. water (AP)o mol/min ft2  mol/min ft3 (Kzado (Kza)/ (AP),

1.67 25.6 26.0 0.98 13.0 8.7 1.48 1.52

2.50 24.3 24.5 0.99 15.5 11.0 1.41 1.42

8.6 3.33 23.3 23.4 1.00 17.6 12.1 1.47 1.47
4.17 22.6 22.5 1.00 20.2 13.1 1.54 1.54

5.00 22.1 21.7 1.02 22.4 13.6 1.65 1.62

1.67 28.6 26.7 1.07 19.2 10.2 1.88 1.76

2.50 27.5 25.7 1.07 24.3 13.2 1.84 1.72

24.4 3.33 26.8 25.7 1.04 27.8 17.1 1.63 1.57
4.17 26.3 23.8 1.11 30.0 19.8 1.52 1.37

5.00 26.0 23.0 1.13 32.0 21.7 1.47 1.30

1.67 30.5 26.9 1.13 21.0 8.1 - 2.59 2.29

2.50 29.7 25.9 1.15 27.0 11.0 2.45 2.13

31.6 3.33 29.2 25.1 1.16 30.9 13.6 2.27 1.96
4.17 28.8 24.2 1.19 33.4 15.9 2.10 1.76

5.00 28.6 23.5 1,22 35.2 17.8 1.98 1.62

1.67 33.1 26.9 1.23 23.2 8.7 2.67 2.17

2.50 32.4 25.9 1.25 31.0 12.0 2.58 2.06

41.7 3.33 32.0 25.1 1.27 36.2 14.7 2.46 1.94
4.17 31.7 24.6 1.29 39.2 16.8 2.33 1.81

5.00 31.5 23.7 1.33 41.6 18.6 2.24 1.68

1.67 36.2 26.9 1.35 27.0 8.7 3.10 2.30

2.50 35.6 25.9 1.37 35.2 11.6 3.03 2.21

51.3 3.33 35.4 25.1 1.41 41.8 14.0 2.99 2.12
4,17 35.2 24.5 1.44 46.4 16.2 2.86 1.99

1.46 50.2 18.0 2.79 1.91

5.00 35.0 24.0

an indicator of column performance. The values of this I = length of mixer element, ft

ratio range between 1.3 and 2.3 under the conditions of the x = mole fraction of oxygen in water

present study, indicating that a bubble column packed x* = saturated mole fraction of oxygen in water
with the static mixers is a very effective aeration or.

oxygenation system. Subscripts
B = bottom of column

Nomenclature T = top of column
A = cross-sectional area of bubble column, ft2 5 = five whole mixer elements
a = interfacial surface area per unit volume of column, 0 = without any mixer elements

ft2 /3
D = diameter of mixer elergent, ft Literature Cited
G = oxygen flow rate at 60" F and 1 atm, scfm

= i (1) Koch Engineering Co., Bulletin KSM-2,
h he|ght of b'ubt?le column, ft . (2) "Perry’s Chemical Engineers’ Handbook," 4th ed., Table 14-27.
K = overall liquid-phase mass-transfer coefficient, Ib (3) Stevens, B., Process Eng., 76-78 (April 1973).

mol /min ft2 (4) Westmore, L. E., ibid., 87-90 (September 1970).
L = water flow rate, Ib mol/min
L’ = water flow rate, gal/min (or gpm) Received for review October 9, 1973. Accepted July 25, 1974,
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