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values by 3 to 5 percentage points (about 10% of reading).

ThlS difference was’ larger in -the higher hoidup regions.
Run 5a repeated Run 5 but-the proke was récalibrated.
Agreement of the two methods improved, but capacitance values
were still a little higher than the nanometric vaiues,_by

about 2 percentage points.

"It can be concluded that over the range of superficial
gas velocities from 3 to 12 cm/s at least the present
capacitance prohe glves carrect and acceptably accurate
averaged gas hnldup values over a holdup range of 10% to 45%
or . more. Some lnstablllty causing zero drift ‘may be

occurring, and this aspect should be checked.

Three Phase System ~ Solvent-air-Glass Beads, No Draft Tube

The void fraction probe was tested in Rung 6 to 9 in the

‘Presence of'glass beads. No draft tube was used 1n these or

in the precedlng twc-phase tests. The glass beads used weare

the size designated as 170/230 with a mean particle diameter

-of 71 microns and a settling velocity in the solvent at 25°¢C

of. 0.37 cm/s. So0liad den51ty was 2450 kg/m3- After
callbratlon in quiet llquld air flow was started at 9.8 scfm.
and a batch of 12.5 kg of beads was added glVlng an average
solids concentratlon at 30% void fractlon above the sparger

of 69 kg/m3 (about 3% of the slurry volume) While thls is

'dllute, it should be enough to detect any serious effect, and
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is in the range of practical values.

Results in Run 6 are shown in Figure 6 for the first
test at B.8 scfm (5.9 cr/s5) - The piobe and manomet:ic
methods show excellent agreement, and suggest that the glass
bead content at this level does not significantly affect the
readings. The solvent used in Run 6 appeared o be mnore
foamy Ehan_the fifst batch, possibly_beéause of additional
foamér from earlier tests adhering to the beads. This extra
dispersing chqrécteristic is probably responsible for the
greﬁter change in gas héldup.from bottom tc top in Run 6 as

compared to Run 3 at the same conditions.

Because of the extra foaming, scme antifoam (Dow Corning
FS—1265 Fluid} was added befo:e ﬁun 7. Also, it waz not
pessible to rezerc or to adjust the span before this run, .
because if the éir was shut off all ‘the beads wauld settle
out and could not be completely resuspended. Run 7 at
12 scfm {8 cm/s) still shows good agreement between the two
heidup measurements, élthough the probé values are on the

average about 2 percentage points below the manometric ones.

The next test, Run 8, was a.repeat of Run 6, to check
the possibility of a zerc drift. Manometric values show less
variation from bottom to top becaﬁse of the addition of the
antifoam agent;' Probé values in the two runs are about the
same, so that in Run B the probe values fall below <the -
manometric values by an average of aboﬁt_; percentage points.
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Run 9 was-at a low gas rate of 5.5 scfm (3.7 cm/s). The
formation of a foam layer (also observed visually) near the
top of the column is.apparent, iocated in the top 50 cm. The
probe is too coirse to detect this interface ﬁiﬁh any
accuracy beyond locating it in the top 90 cm of. the column.
However, if the foam layer is ASSumed to have a gas holdup'of

80%, then simple ratios with the experimental values given in

Figure 9 and assuming linearity gives the foam interface

location as 22 ¢cm from the top for the manometric metned and
28 cm from the top from probe readings. This agreement ic
good ccnsidering the assumptions made, For the region below
the foam interface, the brcbe readiﬁqé are on the-avefage 4

to 5 percentage points below the manometric wvalues,

"indicating a continuing zero drift. This aspect n=eds co be

- improved if'possible, everi though the probe was workiné near

its limit of sensitivity in these tests.

It should be pointed. out, also; thﬁt the manometric
results and the capacitance results shown .in Eigures 6 to 9
require small“correctipns. The manometric resﬁlts are
somewhat iowl becausg a higher fluid density exists when

solids are added. Similarly, the probe results are als.

‘somewhat low because of the increase in dielectric constant

'of the fluid due to the presence of solids. The results

suggest that these two corrections are of the same order.
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However, revised values were calculated using averaged
corrections, that is, assuming an axially ﬁniform slurry
concentration and density. Since an axial solid - concentra-
tion gradient does exist, use of .the averaged values of
slurry concentration does not give an exact correction except
at one point. Hoﬁever, the corrections are not large, and
inasmuch as the objective of the work was to validate the
vold meter performance, and not to fine tune the accuracy of
the reading, . the averaged approach was coneldered adeguate
for this purpose. | '

Figures 6_ to 2 show both the values calculated fron
ﬁéasured values assuming no effect of the glass beads on
slurry density or dielectric. The dashed lines show corrected
values. The deyEIOpment of the cérrection facters is given
in the Appendix. The correctlon for the effect of glass

beads on the dlelectrlc was checked by a slmple'tranSLent
experiment, described in the next section. Figure 9A shdws_
the overall average'correct%dn factor chart for solids in
Varsol ta be épplied to the caiculation of values of holdup
for pure solvent. |

The capacitance type gas holdﬁp measuring preobe performs

as designed, -and gives accurate and sufficiently Precise
reédings of average gas holdup in two and three phase
systems when the 1liquid énd solids are non-conductive. Tha
~Present unit may have a.éera drift and appearé ta require

frequent recalibration, and this asoect could be improved.
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Results with Draft Tube

Experimental

As described previously, a PVC draft tube 1.46:m long by

0.18 . m diameter (0.178 m inside diameter) was installed in

the 0.30 m diameter glass column. Clearance under the draft

tube (slot width) was 0.023 m. Dimensions and sparger
'arrangement are shown in Figure E. Figure F shows the
details of the mounting of the probe with the flat aluminum

bar used as the second plate.

Tests were done with the probe located both inside the
draft tube and in the annulus. These probe locaticns are

shown in Figures G and H, respectively.

Readlngs of both the probe and manometer were converted
to gas holdup values in every case by use of the Ffactors with
no seclids present. Therefore, values measured. with solids
present require a correction to the gas holdup. Approximate
carrectéd data'are.also-shown and the method of calculating

the corrections is given in the Appendix.

Normally, the probe was calibrated for 100% span in air

and in quiescent 1liquid. ~ When solids were present this

calibration was not possible. However, a test was done to

' check the effect of solids on the readings obtained. For Run

22 done at a gas velocity of 0.033 m/s with 170/230 glass

beads and the probe located in the annulus of the draft tube,

‘the readings of one probe section at the bottom were recorded
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as a function of time after the gas was shut off. The probe
~recording theh showed the change in readings as solids
settled out and a final quiescent liquid was obtained. This
probe recording is shown as Eigure-J.' Run 9 and Run 22 were
done at the same gonditions except for the presence of the

draft tube in Run 22.

For Run 9 at probe section 5, read cut was 14.8 ma.
Span for section 5 Qas 15.60 ﬁa (full) - 5.45 ma (air) =
© 10.15 nma. Since the dielectric'rs.— 7, = 2.0 - 1.0 = 1.@,
then the calibration factor is 10.15/1.0 = 10.15 = A,

From' the Appgndix, probé read-out correction is
Rl -~ R = 0.0456 A = 0.467 ma. Then the corrected read-out is

l4.8 [measuréd read-out) - 0.47 = 14.33 ma.

The correctad value of ¢ given by

¢. = Full ma - Read out ma (correbted) = 15.60-14.33
G Span ma ' 10.15

= 0.125

Apparent un;orrected value of €G
= 15.60-14.8 =0.079
10.15 o
Using the recorder chart cpange in read-o»t for Run 22 from
fully suspended solids to.quiesceht liquid -

Liquid only read-cut = 9.24
Liguid + solid read-out = 9.52
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Scale factor between Runs 9 and 22 = Lull read-out for Run 39
: - Full read-out for Run 15

= 15:60 _ | cag

9.24

Read-out difference for (liquid + solid)—(liguid only)
) = 9,582 ~ 9.24 = 0,28 -

Scaled difference = 0.28 (1.688) = 0.473

and experimenﬁally read-out should be corrected by 0.473 ma.
Predicted correction to read-out = 0.467 ma.

Therefore, the methad of . correcting read-outs for the

presence of solids is verified experimentally.

In runs dcone with iron oxide, a mancmetric correction is
also required. These corrections are given in the Table in
the Appendix, and are considerably smaller than the

manometric correction due to the presence of glass beads.

Results

Runs 10-16 show gas holdups as measured by the probe and
‘manometrically for the prokbe in the draft tube or imn the
annulﬁs with neo salids présant. Manonetric values are
averagés ovér the column cross—section."Runs 10, 11 and 12
show excellent agreement between probe readings inside the
draft tube and the overall void frabtion. Runs 13, 14, 15
and 16 show results with the p#obe outside the draft tube in
the_annulus. Agaih, agreement of the two methods is very
good, indicating a fairly hbmcgeneoﬁs bubbly flow iﬁside and -
‘outside the draft tube. Comparing Run 3 at 0.059 m/s and no
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draf; tube to.Run 14 (probe outside draft.tube) and Run 11.
{probe inside draft tube) at the same superficial gas
velocity shows good aéreement not only Lketwecen the two
measurement methods, but in absolute values of the holdup.
in particular, Runs 11 and 14 show nearly identical gas
holdups, sc the vareol*air system in slightly foamy solvent

appears to give a very homogeheous circulating bubbly systen

when a draft tube is used.

"Runs 15 and 16 represent identical tests, but the nrobe
was recalibrated for Run 16. Agreement is good in the two
runs, although a slightly larger scatter results when che
data for both runs are combined. A maximum total spread for
all data (beth methods, both runs) of only * .02 is evident,
+nat is, about * 8% variation in the gas holdup value. This
degree of agreement in qas holdup values in dupl;cate runs
and different methods is consxdered to be very satlsfactory.
As far as is known, these data represent tne only available
direct m-asurementc of gas holdup'in different zones of a

draft tube;

In-Run 17, 12.5 kg of 170/230 glass beads were added.
These beads contained residual adsorbed antlfoamlng agent.
The effect of the antifoan addition can be seen by comparing
Runs_l& and 17, Run 17 having significantly lower gas
'hqldups; All of the tests with solids in the draft tube
configquration were done with the probe in the annulus. All
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data in Runs'.17-26 are shown uncofrected,:-since the
correction factor is.nearly the same for both methods.
Corrected Qas holdup values are shown also onlykfor Run 25,
since for iron oxidg the manometric and probe corrections are.
significantly different. and this effect is demonstrated in

Figure 25.

In ﬁuns 17 to 22, the probe readings are generally below
the manométric values; in mosf cases by somewhat more than
the difference in correction factors. As pointed out
eariier, it was not possible to re-calibrate the probe
elements when solids were present, and so much of the
discrepancy ﬁay'be due to a base line drift. Run 23 was done
with no seolids and at the same cohditiohé as Run 15 and 16.
However, the.batch of Varsol used wés not ideﬁtical in Run
23, sd some differences in gas ﬁoldup are evideﬁt. Although
prebe readings in Run 23 appear to be low at the top of the

column, agreement with manometric values is good elsewhere.

Tests with iron oxide show reasonable agreement of the
two ﬁethcds in Run 24 (Figure 24) at high gas rates, with
uﬁccrrected probe readings being low. In Figure 25, the data
is shown corrected at a gas rate of 0.059 m/s. Agreement of
the two methods of measurement is very good when corrected.
Run 26 shows a low gas rate, and again good agreement of the

corrected data would be expected.
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Summaty

The void fraction probe has been shown to give values of
gas holdup of satisfactory accuracy in yarsol-air mixtures,
with aﬁd without added solids. It is possible to apply a
cal=ulated correction facter.for the presence of solids to
each probe element to abtain a ccrrected gJas holdup profile
if axial solids concentratlons are known or can be predicted.
The correction ﬁactor for solids can also be determined
experzmentally for each probe element, if desired. Use of
two sollds of greatly different dl&lCCtrlC showed that
correction ﬁactors for the probe as developed in_this work

are reasonable.

in la ge scale eguipment, this void fractien meter would
give direbt and.rel1abla values of gas holdup at gifferent

axial positions in a colunmn.

Results showed also that in a hydrocarbon system with
some foaming tendencies, the use of a draft tube generates a
surprisingly homogeneous bubbly fluid circulaticn around the

draft tube.
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