D.3d. Limitarions of the DGD Technique

The dynamic gas disengagement technique provides a convenient method
for the characterization of the bubble size distributions in the bubble
column. However, there are problems and limitations associated with this
technique which need to be understood in order to appreciate their effect

on.the results.

The assumption"cf.initial axial homogeneity of the bubble size distri-
bution (séé éection V-D.3a.) is in fairly goo& agreement with the phenomena
observed Iin the bubble column for majority of pas flow rates employed.
However, at- superficial gas velocities between 0,02 and 0.04- n/s, where
slugs are present only in the top half of the co;umn, the above assumption
is likely to introduce errors. Axial homogeneity implies that the time t:
(see Figure V-64) corresponds to the time taken for a large bubble (bubble
in class N) to travel from just above the distributor to the top of the
dispersion. Therefore, the technique overestimates the rise velocity for
this c¢lass of bubbles when they are distributed over only a portionm of the
column, as is the case with slugs. Since bubble size is obtained using the
rise velocity (Figure V-65), a larger bubble size would be obtained Ffor
this class of bubbles. However, the effect of this error on the Sauter mean
diameter (ds) is insignificant. As an example, let us consider the data for
FT-300 wax (Run 13-3, 265°C, ug = 0,03 m/s). The value for ds is 0.394 mm

for the

(see Table D-1) using a value of 18.2 mm as the diameter (dBL)

large class of bubbles. If dBL was reduced to 10 mm instead (55% of the
original wvalue), the wvalue for dS becomes 0,393 mm, & difference of less

than 0.5%. The value for ds'in this range of superficial gas velocities

(0.02-0.04 m/s) 1is governed by the diameter of the large number of small

207



‘bubbles (for tne ewxamnie in censideration, thera were 5.13 x lﬂ? amal:
busbles and owuly 73 lawge bubbles),  wherzfors, eIrToTs ‘r *he estimated
walue of larzs budble diameters in thls velecity range de Tiet have a
significant effect on ds.

Tme tneoTy for DG zlsc sxsumes that significant bubble Interzetioms
do not occur dorirg the dissrgagemsnt procese.  Such intesartions do  acour
singe liquid flzwing downuards, <o displace the large bubbles <That ars
disengaging, will affect the discngagemernt of the fine bubbles. Even though
the magonitude of these interactioms can not de cuantiffed, it is believed
that =his doss Dot havwe a significent effect on the resulls.

The sxp=rirectal pmceduré appleved, 4o z2asurc the rate at which thle
Iexpand-:d Leignt dreps, has & terctaln zmount of .SUEjEL'.[.i'Ji_T.:J eusociated with
it. The dissnpagerent process lasts typically betwesn 60 te B0 o (in  some
instances, wharte foam is present, it tekes up to 120 to 140 5 far bubbles
o disangape). During this peried, "weening” of wax Intc the plemiz ecbanber
iz inzvicable deszite the back pressure af the gzs trapped helow the dis-
sributar. The emeount of "weeping” eavisusly dapends on the distributcr
veed: with mnepiizible drainepe for 8P and relatively highsr amsunts
fraining with +ths & mm distribcetsr. ‘thezefore, towards the erd of the
dlisengegement TLRTEesH, witen voly the Telyr sal’l bBusbles are digenga ing.
special carc has o bs tzken %o Interpres tha rata 2t which cthe lewel
deops, 71 is pussilile thar some of ths drop in the Lliguld level is caused
g .“ueepingf. Table W¥-2 compares thez observed chance o stalic heighs
berwsen twa velpzities fo the changz in level atyrihated to the small class
of Bubbizs Tor & rae with FT-300 wax. The ohsesved change in =tatic height

ir  the differemcc petwesn visual mzascremanzs of thr staric beignc #0 wen
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Table V-2 Effect of “weeping” on smafl bubble diameter obtained by DGD (FT-300 wax,
Run 13-3, 265°C, 0.051 m ID column, 1.85 mm orifice plate drstributor ).

Crap in beight {m)

g Errort
(m/s) weeping Small bubble {%)
disengagement
.41 0.0 0.057 0.6
0.02 0.010 0.321 3.0
0.03 0.010 0.456 21
0.04 0.006 0.450 1.4
0.03 0.010 G.340 2.8
0.07 0.023 0.192 12.2
009 0.011 0.164 ' 7.0
0.12 -b 0.186 -b
Average error due to weeping 3.5

& Errar is calculated as follows:

Height due to .
{ small bubble } _ [Height f_i'-'ﬁ}
| to weeping

disengagem=nt

{ Haight due to } — X100

small bubble
disengagenrent

b drop in height not measured

]
i
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~omsecutive velocities, The dzep in helght artributed to the disergagemanl
of the small bubbies was obtained from the H/MH = wversus L plot by
subtrazting the statie helghr {Hs} [rem the height corresponding to the
intercept (bSJ =f the lire far the small 2lasz of bubbles (i.s&. bs X (Hﬂ -
d.17. Azsuming Lhe® the chengz in static height is purely dus ta “waeping"

of wax into the plenum chamber, and further rasuming that this phenoxenon

occurs crly duering the disﬁngagement of rhe szmall bubbles, welues in Table
¥:ﬁ shew that fer Pup 13%-23 <9ig esuses, or. su average, a J.3% error in the
Leval drap attTihufed to disengagement of small butblss. This cwranslates
‘nte & 3 to 4% erro= in the rise velocity associated with this class of
hubhles. For a superficial gas velocity of 0.07 w/s, vhen the error due to
rwzaning!  appears te be significant (12.2%2), the Saucer mesn diameter
changes frow 0.6% mm ta ©.68 mm afver ccrracting for "weeping"™, a
difterence o0f Laess Caan ?%. This exarple iilustrates that even though
nyeeping® is a problem duricg DSD, it affeet on the value of ds i not
significart,

The application of the DGD teehpigue has a severs limitation  under
condiilome  where foam is produced == the top of the gas-ligquid diepersion.
For FT-300 wex Foam was present for superficlal gec velocitles 1 the range
3.07 to 005 m/s In west cases.  Under these conditioms, <he bubbles of
interest eorc thase which are In the dispsision berween the distributer and
the Fagm- 1iquid incerfacze. Ian eorcer to cireuvmvent this Frenlat,
recearchers  at  He9il (Kuo et al. . 1285) follawed the drop in  the foam-
liguid interZace during the diserzagement process imstesd af the top of che
foam. Eowever tne wse of this altstnewive was not feund useful in ovr

gupariments. Firss, the fear-Iigeid ‘olerface is net distinet 2t mest

fl
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velocities; it wusually consists of a zone 0.05 to 0.10 m in height where
foam appears to be thoroughly mixed Qith the liquid. Secondly, the foam-
liquid interface, when distinct, appears to drop initially when large
bubbles disengage, however, it begins to rise beyond this point. Even
though small bubbles are still disengaging, the breakage of foam (which is
approximately 30% 1liquid) results in a net increase in the liquid level.
Consequently, all measurements made in this study are based on the rate of
- érop of the top of the dispersion (including foam, when present). There-
fore, ds values for instances where foam was present, should be interpreted
with caution. A possible solution for this problem is to recalculate ds
after subtracting the hold-up attributed to foam (which is measured during
the experiments) from the hold-up corresponding to small bubbles.

The data reduction step also invelves a certain  amount of
subjectivity. The selection of the number of break points for a given set
of data, which in turn determines the number of bubble classes (see Figure
V-64, for example), is gubject to some variability. For majority of cases
this was not a problem and break points were obvious. For instances where-
this was not the case, several different break poeints were tried and the
lines that gave the lowest value for sum of squared errors were selected:
Since the valus for dS is dictated by the size of the small bubbles, its
sensitivity to errors in the selection of break points is of importance.
Earlier calculations for preblems due to "weeping" showed that an error of
12.2% in the height corresponding to the disengagement of small bubbles
(which 1s approximately equal to a 12.2% error in the slope for the 1line
corresponding to this class of bubbles, or the rise velocity for these

pubbles) translated to an error of less than 2% in the ds value. This is

+
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becaute bubbtle diamster is mol very seneitive to wariatiems in rice walo-
city  in rhis rangs (refer To Floure V-6h for risze velociti=s befwesn TR
and 0..0 mfs). Thevefors, th= error caused by che sudjsetivity In the
salection of brsaw points is not axpected te be signilicant.

The wroress of cooverting rise walesitlics zo bukhls diamaters Luwolwes
the wse of avwailsble ecrrelz=ticns ac dizcuss=ed. pravizusliy. Twvrean thouzh
thete correlatisms are derendent on tne physizal properciss of the tlguld
me&ium, the assuwrption that <hey can be vsad [or wixes cinnot be verified
cue to lack of cata. The following discussion is therefor: limited To tuae
sapgitivity of P20 resclts to errors in ths measuvement of phrsical
poorarties .. Imperimentally dotormined walues for density end wviscosity
appeer  tu ba  in sgreemen® with waluez reported in the  iltersture  (ses
segtion WIs«A.). The relative erver Ln denslcy meesirements (5 axpechad ta
be less than 3k, while the error in viscﬁsity measurements is less than 3%
fbascd on vatlation in messurements with fluids af wnown wiscosities). T e

Fy

wffect f +hese er*cts cn the wvalue of ds weg cets=mined for FT-200 wax

fFum L3-3, 2ESCC, A.0EL W I eolumn}. At a euperficial gas welincity of 0,067

n's, dz is .69 mm, An error of 5% in tke wvalus far viscosity translates o
= rchange cof less than 2% [n the d_ valu=z. SLlmilarly, an errar of 3% in
denzity measuremsnts translates e a change of acproxnimatcly 1= ir the
wvelue of ds' Trhezafers, d5 veluss ate smoected fo lave a maximum selatiws
error of . less than 5%, %ssed on psssible errers in phvsieal pro?er:?
MEFELTEIET .

Ttz concribuaticrn from the waviovs prebleme sand Mlaitaciens to Lhe

cve=all error in resultszs obtaimed Frem DGR mosourcmontc 1o expecied “a he
P

within n accestasie reage, 4as shown ahowve. Feen Chooph Che applicabllity

[
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of the technique to instances where foam is present is questionable, fe—
sults for FT-300 wax are in good agreement with values obtained using the
photographic method, in the present study and those reported for paraffin
waxes by Deckwer and coworkers.
D.4. Comparison of Techniques Used to Measure Bubble Size Distributions

Three different approaches were used to estimate the Sauter mean
diameters of bubbles in the large columns (0.22% m ID and 0.24 m-ID) and
two techniques were used in the smaller column (9.051 m ID). EResults from
the varioﬁs technigues are compared here., The discussion is 1imited to
results from the larger columns since results are qualitatively similar for
the two caéés. |

The dynamic gas disengagement (DGD) technique gives an average value
of the Sauter mean bubble diameter for the entire column; whereas photo-l
graphs near the column wall and center give only point estimates of the
Sauter mean bubble diameter. Results from the DGD technique could be consi-
dered as the base case since this technique accounts for all bubbles unlike
the photographic technigue.h Figure V-76 shows the variation of Sauter mean
bubble diameter for FT-300 wax at 265°C in the large columns equipped with
the 19 X 1.85 mm perforated plate distributor. Results obtained using DGD,
photos at the wall (at a height of 1.96 m above the distributor), and
photos obtained near the center of the column (at a height of 1.37 m above
the distributer) are included in this figgré. These results show that ds
values 'obtained from DGD measurements lie between those obtained from
photographs mnear the center and near the wall of the column (for gas

velocities greater than 0.04 m/s). This is as expected, since the DGD gives



