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height (ir{ches Qf- wax) by use of Eqgs. 5..16 and‘5.17. .Thesé déta (|e height Qs time)
were use:d to calculate'sﬁbblé‘ris‘e‘ velocities and gas holdups for each bubblé class via
Egs. 5.9 ;nd 5.10, respectively. Once bubble rise velocities were obtained, bubble sizes
were calculated using the correlations presented in Table 5.1. The Sauter mean bubble
diameter was obtained from Eq. '5.15. Finally, the specific gas-liquid interfacial area
was calculated from Eq. 5.1 using the gas holdup of the dispersion below the pressure

transducer. -

Discussion of Results

Dynamic gas disengagement measurements were carried out in the two stainless
steel columns (0.05 m ID and 0.21 m ID, 3 m tall) during some of the two—phase -
experiments conducted in the batch mode of operation. DGD data were acquired
during '?wo experiments with SASOL wax (experiments 1 and 5 in Table 2.5) and
one experiment with FT-300 wax (experiment 30 in Table 2.5) in the-large diameter
column, aﬁd.during'oneﬁex‘per"ihwent‘with SASOL wax (é*perir_hent 29 in Table 2.4) and
one experiment with FT-300 wax (experiment 23 in Table 2.4) in the small diameter
column.' The 2 mm orifice plate distributor was used in the 0.05 m ID colu_mh and the
19 x 2 mm distributor was employed in the 0.21 m ID column. Allz‘disengage‘ment data
for wax Were analyzed assuming Case | disengagement. |

Figu.res 5.?"and 5.8 show the ‘disengagement curves at. heiéhts of 1.3 and 1.9 m
above the distributor plotted as normalized differential he|ght versus time for FT—300

wax and SASOL wax, respectlvely The normalized differential height is defmed as

t) H (tn)
t(.o)‘ Hy(tn)

where Hy(tn) is the height .of the I’iq'uid-,a‘boi/e the pressure transducer at the instant

Norm. Duff Helght = =1ton (5.18)

the last small bubble rises above the pressure transducer, Hi(0) is the height of liquid

above the pressure transducer immediately prior to interrupting the gas flow (i.e. at
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steady state conditions), and Hy(t;) is the height of liquid above the pressure transducer
when the last bubble of size dg; passes above the pressure transducer. The data from
experiments in the large colﬁmn were also analyzed by dividing the disengagement curve
into five intervals (i.e. five bubble classes, lines on Figures 5.7 and 5.8) to see what
effect the number of bubble classes used has on the Sauter mean bubble diameter and
specific gas-liquid interfacial area. If the dispersion is axially uniform, then the major
breakpoints on the two curves (i.e. at heights of 1.3 and 1.9 m) would occur at the
same normalized differential height. Also, if bubbles are rising at the same velocity a;s
they rise past heights of 1.3 and 1.9 m,v then the curve associated with the DP cell

located at 1.9 m should be shifted to the right of the curve associated with the DP cell

located 1.3 m. Both the trends mentioned above were observed in all experiments with

wax in both the large and sméll diameter columns.

The gas holdups presented throughout this discussibn, unless otherwise noted, -cbr;-;
respond to the gas holdup of the dispersion below the measurement location. These gas
holdups were obtained using Eq. 2.27, with n = 3 (for data obtaingd at a height of 1.3
m above the distributor) and n = 4 (for data obtained at a height of 1.9 m above the
distributor). The specific gas liquid interfacial areas and Sauter mean bubble diameters
are based on the holdup of the dlsper5|on below the measurement Iocatlon Tables 5. 2‘
5.3, and 5.4 summarize the results obtained from experiments in the large diameter
coiumn with FT=300 wax and SASOL reactor wax (decreasing and increasing order of
velocities), respectively. The experiment with FT-300 wax was conducted employmg a
decreasing order of gas velocities. The results presented in the tables for rise velocities,
Up;. an__d fractions of large bubbles f| were based on the five bubble class analyses. The
rise velocity of large bubbles was taken as the largest rise velocity, and the rise velocity
of_.sr'nal[ bubbles was taken as the smallest rise velocity. The mediulm bubble rise ve-

locity corresponds to the rise velocity of the middle bubble class. Sauter mean bubble
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diameters and specific gas-liquid interfacial areas are presented assuming five bubble
classes and using all points. The Sauter mean bubble diameters and specific gas-liquid
interfacial areas were comparable u;sing both types‘of anélyses. Si.milar results were
obtained in the small column with SASOL and FT-300 wa* (see Tables 5.5 and 5.6).

Figure 5.9 compares Sauter mean bubble diameters, specific gas liquid interfacial
areas and gas holdups at é height of 1.3 m above the distributor for the experimelnts
conducted in the large column (from 5 bubble classes analysis). The speci.ﬁc gas-liquid
interfacial area and Sauter mean bubble diameters are based on the gas holdup of the
dispersion below the pressure transducer. The gas holdup:values from the experiment
w;th FT-300 wax were slightly higher than those obtained from either of the experi-
ments with SASOL wax (see Figure 5.9c). As shown in Figure 5.§a, the Sauter méan
bubble diameters for the expérimeht'conducted with FT-300 wax were corisisteﬁtly
lower than those for the experiment conducted with SASOL reactor wax employing a
decreasing order of gas velocities. In péfticulér, Sauter mean bubble diaméters ranged
from approximately 1.0 to 1.3 ‘mm for the éxperirﬁeht éonducted with .F.T_—300 wa* as
opposed to 1.3 to 1.6 mm for the experiment conducted in a _decreasing'order‘ of gas
velocities with SASOL reactor wax. HoWever. the Sauter mean bubble diameters from
the experiment conducted in an inc‘reasingv'order of .gas velocities with SASOL fea;.tor
wax were comparable (slightly higher) to those obtained from the experiment conducted
with;FT-300 wax. The difference in Sauter mean bubble diameters is caused by dif-

ferences in the fraction of large bubbles. For example, at a gas velocity of 0.09 m/s,

 the fraction of large bubbles for the experiment conducted in an increasing order of gas

velocities was 0.50 whereas it was 0.65 for th‘e experiment conducted in a decreasing

order of velocities with SASOL reactor wax (see Tables 5.3a and 5.4a). These results

- indicate that bubble size distribution is affected by the operating procedure. 'Specific
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gas liquid interfacial areas obtained from the three experiments were substantially dif-
ferent. There was almost a 100 % increase in as between the experiment conducted
with FT-300 wax an:d fhé experiment conducted inA a decr‘easing‘o'rder of gas velocities
with SASCL reactor wax. Similar results were obtained at a height of 1.9 m above the
distributor (see Figure 5.10).

Figures 5.11 and 5.12 show results from experiments in the small diameter column
at heights of 1.3 and 1.9 m above the distributor. As shoWn in Chapter I, FT-300 wax
produces foam and as a result, the gas holdups with FT-300 wax are considerably larger
than those produced with SASOL reactor wax (see Figures 5.11c and 5.12¢). These
higher gas holdups result in lower Sauter mean bubble diameters (Figures 5.11a and
5.12a), except at a gas velocity of.0.02 m/s, where the Sauter mean bubble diameters
obtained >ft;r both waxes are comparable. This is expected, since homogeneous _bubibly
flow exists in the column at this vglocityv. As the gés} velocity is increased to 0.04 m/s,
the gas holdup from the experiment with FT—30d is significantly greater than that frilom
the experiment with SASOL wax. This difference is holdup is due primarily to the
presence of fine bubbles which accumulate in the uppermost region of the dispersion.
This increase in the number of small bubbles associat;:df-with FT-300 wax results in a
lower Sauter mean bubble diameter (see Figures 5.11a and 5.12a). Specific gas—hqund
mterfacnal areas are shown in Flgures 5.11b and 5.12b.

Fsgure 5.13 shows axial gas holdups from the expenments conducted with FT-300
wax and SASOL wax, at gas velocities of 0.02, 0.04, and 0.09 m/s. Axial gas holdup
profiles from the experiment with SASOL wax show a slight increase in gas holdup with
increasing height above the di‘stributor‘(see Figure 5.13b). However, for the experiment
with FT-300 wax, the gas holdup in the 'uppermost region of the column at a gas
velocity of 0.04 m/s‘increases sngmflcantly compared to the holdup at lower heights. In

particular, at a hetght of 1. 6 m above the dlstnbutor the gas holdup 1s approxlmately
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0.2; whereas, at a height of 2.2 m above the distributor, the gas holdup is approximately
0.4. At a gas velocity of 0.09 m/s, the foam layer which was present at a gas velocity
of 0.04 m/s dissipates and there is a gradual increase in holdup with increasing height
above the distributor. With the exception of a gas velocity of 0.02 m/s, the gas holdups
with FT-300 wax are higher than th.ose with SASOL wax, particularly at a gas velocity of
0.04 m/s, and as a result, the Sauter mean bubble diameters from the experiment with
FT-300 wa;< are lower than those obtained from the'expgriment with SASOL reactor
wax. Thé results from this study with FT=300 wax and SASOL reactor wax indicate
that the Sauter mean bubble diameter is directly related to the gas holdup (i.e. the
higher the gas holdup, the lower the Sauter mean bubble diameter). However, in our
studies with other waxes (in the small diameter column) it was found that it is possible
to have similar holdup values but significantly different Sauter mean bubble diameters
(Bukur et al., 1987c; Patel et al., 1990).
Effect of Axial Position

Figure 5.14 shows the effect of height above the distributor on gas holdup and
Sauter mean bubble diameter. The gas holdup values shown in this figure correspond
to the average gas holdup below the given pressure traﬁsducer. Figures 5.14a and
5.14b show results from the experiménts conducted in the large diameter column, and
Figures 5.14c and 5.14d show results fror'n. experiments conducted in the small diameter
column. In the large diameter column, we did not observe a significan‘t difference in gas
holdup wuth axxal posmon and as a result, there is excellent agreement in gas holdups
and Sauter mean bubble dlameters obtalned at henghts of 1.3 and 1.9 m above the
distributor. However, in the smaII column, gas holdup increases with increasing helght
above the distributor, and as a result, gas holdups are slightly hlgher at a height of 1. 9

m as compared to a height of 1.3 m. This increase in gas holdup with increasing height
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abové the distributor results in slightly lower Sauter mean bubble diameters at a height
of 1.9 m.

Effeét of Column Diameter

#igures 5.15a and 5.15b show the effect of column diameter on the Sauter mean
bubsle diameter for experiment‘s conducted with FT-300 wax and SASOL reacto;' wax
(decreasing gas velocities) in the 0.05 and 0.21 m ID bubble columns at a height of
1.9 m above the distributor.v Sauter mean bubble diameters for experiments conducted
with FT-300 wax were similar in both columns for gas velocities less than 0.09 m/s
(see Figure 5.15a). This is expected, since very small bubbles are formed with FT-300
at low gl"as veiocities, and as a result, the Sauter mean bubble diameters are similar. At
gas velocities greater than 0.09 m/s, the Sauter mean bubble diameter remains fairly
constant in the |argé diameter column. Results from our previous experiments conducted
in the small diameter glass column (Patel et al., 1990) indicate that the Sauter mean
bubble diameter increases with increasing gas velocity between gas velocities of 0.09 and
0.12 m/s. The differences in trends with increasing gas velocities are due to differences
in flow regimes in the 0.21 and 0.05 m ID columns. In the small diameter column, the
slug flow regime exists; whereas, in the large diameter column, the churn-turbulent flow
regime exists.

.The Sauter mean bubble diamete’fs were consistently higher in the small diameter
column compared to the large diameter column for the experiments conducted with
SASOL wax (;ee Figure 5.15b). The primary reason for differencés in the Sauter-mean
bubble driameter.s is due to differences in the flow regimes. The large diameter column
operates in the churn-turbulent flow regime and the small diameter column operates
in the slug flow regime. The increase in turbulence associated with the large diameter

column results in the formation of smaller bubbles.
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Figure 5.15. Effect of column diameter on Sauter mean bubble diameter for

(a) FT-300 wax and (b) SASOL reactor wax - decreasmg gas
velocity in 0.21 m ID column. -
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Comparison of Résults Obtained in the Glass and Stainless Steel Bubble Columns

The dynamic gas disengagement technique was used to obtain bubble size distribu-
tions in both the stainless steel and glass bubblercolumns. A VCR/video camera system
was used to measure the disengagement profile during experiments conducted in the
glass column (Bukur et al,, 1987a,b; Patel et al., 1990)} whereas, pressure transducers
were used to measure the disengagement rate in the stainless steel columns. Si"rgwce
dlsengagement profiles in the glass column were measured for the entire dispersion,
only results obtained at a height of 1.9 m above the distributor in the stainless steel
columns are used for comparison. Figure 5.16 compares values of ds and gas holdup
from expenments conducted in the large dlameter glass and stalnless steel columns with
FT-300 wax. Results from two experiments in the‘glass column are shown. There was
excellent agreement in Sauter mean bubble diameters in the."glass and stainless steel
columns when gas holdups were comparable. However, during one experﬁnent tn the
" glass column, a substantial amount of foam was produced and the value; of ds were
markedly lower than those obtained in either of the other two experiments.

Figure 5.17 cdmpares ds values and gas holdups from experiments conducted in
the small diameter glass and stainless steel-columns.  For the .'experiment conducted in
the stainless steel column, the average gas holdup in the entire column, as well as the
gas holdup in the column below a height of 1.9 m is shown. The overali gas holdup
is substantially greater than that below a height of 1.9 m, indicating the presence of
foam in the uppér region of the column. While the‘ overall gés’ holdup§ in the two
columns (glass and stainless steel) \;vere similar for gas velocities greater than 0.02 m/s,
the Sauter mean bubble diameters are significantly ‘different. This différence is a result
of the data acquisition technique. For the experiment in the glass column, ds is based
on the entire dispersion; whereas, in the stainless steel column, ds, is based only on

the dispersion below a height of 1.9 m. This illustrates one of the problems associated
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with the DGD technique (i.e. a non-uniform axial gas holdup). For the FT-300 wax
system in the small diameter column, the gas holdup remains fairly uniform in the
lower region of the column, but increases significantly in the uppermost region of the
column for gés velocities between 0.02 and 0.09 m/s The disengagement rate in the
glass column was obtained by recording the drop in dispersion level with time via a
VCR/video camera system. Thus, the disengagement profile was based on the entire
dispersion. However, in the stainless steel column, the disengagement profile_w;s based
only on the dispersion below a given pressure transducer. Hence, the assumpt:on of axial
homogeneity 1s violated for measurements in the glass column, but not for measurements
in the stainless steel covlumn'. if there is a significant amount of sma“ bubb'lesj locat‘e'd in
the uppermost region of the column, which do not disengage continuously (e.g. stable
foam), then there will be a bias- towards small bubbles which results in a lower Sauter
mean bubble diameter. Measurements made with the pressure transducers do not take
into account the small bubbles in-the L:ppermost region of the dispersion. However,
these bubbles should be included in the overall Sauter mean bubble diameter. ' Thus,
the actual values of ds are probably within the range of values shown in Figure 5.17.

Figure 5.18 compares Sauter mean bubble diameters and gas holdups obtained from
experiments conducted with SASOL wax in the small diameter glass and stainless steel
columns. As stated earlier, SASOL wax does not produce foam, and as a result, the.axial
gas holdups remained fairly uniform. Thus, it is not surprising that Sauter mean bubble
diameters and gas holdups"meas'ured'vusihg differé_nt techniques in the two columns (i.e.
video/VCR - glass column; pressure fransducers - stainless steel column) are in excellent

agreement.
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