{(Kuo et al., 1985) used FT-200 wax &s the liquld medium and found that
hold-up wvalues &t 138°C-were substantially lower than those at 260°C.
Despite some inconsistency in results, the overall trend is that hold-up
increases with an increase in temperature, In the "foamy” regime (note that
all of the literature dealing with this system reports results for runs
with velocities less than 0.04 m/s, 1i.e. 1in the "foamy" regime). Results
from our study are in agreement with these findings.

Due to the léck of literature data, with molten wax as the liguid
medium, on the effect of temperature on hold-up in the "slug flow™ regime
or the "churn-turbulent”™ regime, only a comparison with results from other
systems 1s possible. Shah et al. (1982) have shown that the increase in
vigcosity, by increasing the CMC (carboxy methyl ceilulose) concentration,
did not have an effect on gas hold-up in the "slug flow" regime, a behavier
simlilar to that for FT-300 wax as shown in the present study.

B.4. Effect of Coiumn_Diameter

Commercial size bubble columns are expected to operate in the .hetero-
geneous (“"churn-turbulent") flow regime, while majority of the studies,
with a molten an as the liquid medium, were carried out in small diameter
columns (up te 0.12 m) and thus only the ideal bubbly (homogeneous) and
"slug flow" regimeg were observed. Results from studies conducted in the
0.651 m ID and 0.229 m ID glass col;ﬁﬁs are reported here showing the
effect of column diameter. Tﬁéquﬁparison is based on runs conducted at
265°C using the L mn and 1.85 rrur:l"‘.\.u:;;i%!‘ice plate distributors in the 0.051 m
ID column, and the 12 X 1 mm and the 12 X 1.85 mm perforated plate distri-
butors in the 0.229 m ID column. Data from a total of 13 runs in the 0.051

m ID column and from 6 runs in the 0.229 m ID column are available for



comparison. The gas velocity range empleoyed in these superiments waz 0.01-
0.12 m/fs.
Thne majot highlights of these imvestigarions are:

* Wick FT-330 wax, feoam conelstently broke at a higher welocity in thes
0051 m Z coLlumn compared-to the U224 m ID column. Howewe¥, mo
sigrificant effect of column diemerer wus ehbserved in the sheence of
foam.

. Dislributors wliik swaZller holes {1 mm orifice plate in toe 0.031 —© 1ID

—ia
o

column and 12 ¥ 1.C mm perfevated plate In tha 0,22% m 120 columny gave

hizsher held-up values in the smpaller column, conpared ts the larger

c.clu.mn, irraspectlve of Lhe oreswope of absence of foaw.

- Exzeriments caﬁiuctad with Szsel's Arge r;actar wax 4i€ not show &
significant effect of column diameter on the gas held-up iﬁ the range
of wvelnsaitles investipaced (0,01-0.12 niz).

Figura V-22 compares rasults cotained at 285%C inm the twoe colunns
using the 1.85% ma ﬂrifice plate distribactecr ivc the Q.03 m 1D column  and
the 12 % 1.85 mo distribuser in the 0.22% z ID columm. The jet 'vclociﬁies
prodaces by the two distributors, For a given superfirial gme veloecity, are

very similasr (the jer wvelecity It the zmaller coliwm was cpproximately 99%

of tac ot velocity in the larger column} . Tho experimencs, conducted usiog

ri

irboasing order of gas velocitlies, show sImilar crends I sle two columas,

aowevay, noloa-up values in the "fomuwy" tvegime sre ecnzistently higher in

the szma’l=r cilamecer column ard the transiticn frem cthe "foamy® to  the

"elug filow” zzeime acowrs g4 higher welecicy Ik the G.0%3 3 I column.

Onee the Zos3 broke, held-vz vealues in the two celumcs are similar at gll

HL;b:‘iaqucr‘:t velosities, Taesdlts presonted in this qu:_'l:'l'_‘l?. are 'r.'fp'ir'.a'l af the ~
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Lghavwior  of  FT-300 wan 0 the tweo calwong Figure Va3 shws a similar

compariscn for runs mede In che two columme using desreasing order of  gac

velosiziezs, These zesulzs stow trends whicth are gquelizaziwelw sivilar  to
those abzervec wsing incrssslng ovder of gas valocitisse (Figura W-223,
Eowewer . there weore zuns in whizh held-up wzives in the O.U51 o 12 calwan
wave Tewsr  Lhem Dhose o Die G,2F8 w0 TN an’ose, past lee”Aarly in che zas
Welouwluy  rangs 0L U3-0.07 o750 Uhis uvsaclly cceurs vhen 2 tromsition free

the "siuz flow" regime o the "foamy” regiee dozs oot take pleee i Lbe
2031 moID celumn (e.e. sea Figape ¥-190, It appesrs thay in such zitua

tiosns  the dispersion in the larze coluem, despite the obvlous absence of
fwaar, las - 2 large concellesllion of cing bukblsas. Thz=zz =iry bubbles
norszse  the hoeld-as to levels which are similar Zo chozce obZeined iIn the
presence ©f focam in this coluan. Ta peneval, resulis presentéﬁ in Figures
Wedl and V-23 are indicstive of the trends obsecrved with kold-up valuss Fer
majerity of the runs conducted in the twe calums,

Figare 79-2£ compares reegulte from the two eclumns using the T mm
orifice plate distviSusor i <hs 0.CEL g 72 <oluzn, =nd tha 19 % 1 9
perforated nlote distributor in the ¢.329% @ ID colurn. Ouee agaln, the jet

cvelocities for the tuc distributers are similer at & given pgas flow rate.

These rums, nanacacrad rging increasing order of welogiiticss, ‘ghow  resulrts

'
wolel &Te gualitatively siriiar toe thoase shown carlicr i Figpure W-E7 .in
tre "foemy” reglime. lowewver, afser an apparant Zoan Sreakup, e nald-ups
fer L 0001 w0 TN aolvon zoe cemsistently higmer than those ‘v the 9,225 o
10 =olagimn.

ExTerimerts wore alse conduciec wich Sasol’s Acpe rerciar wax in the

fC using :he L.83 mm 2istributor in ths 0.451 m ID coluarn

twa colums at Ta5
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and the 19 X 1.85 mm distributor in tﬁe 0.229 m ID column. No <foam was
produced during any.of these runs and hold-up values were very similar in
both columns, ag shown in Figure V-25. Researchers at Mobil (Xuo et al.,
1985) conducted experiments in 0.051 m Iﬁ and 0.102 m ID columns with
reactor wax produced in.théir bench scale unit (Bun CT-256-7 and CT-256;8
waxes). The hold-up values in the 0.102 m ID column were 30-40% higher than
these in the 0.05] m ID column over the gas velocity range (.015-0.065 m/s.
They attributed this difference to the fewer slugs (or large bubbles) iﬁ
the large column compared to the smaller column.

In general, the aboﬁe results do not show a significant effect of
column diameter on the gas hold-up. The major differences are in the
"foamy" regime; and the éarlier discussion on reproducibilitcy showed that
large deviations in hold-up areApossible in this regime. These findings are
consistent with resulté reported in literature. Researchers at Mobil (Kuo
et al., 1983) conducted studies with FT-200 wax in 0.032 m ID and 0.053 m
1D columns, each being 2.2 m in height, in order te assess the effect of
column dizmeter on gas hold-up. Their results indicate that for similar
jet wvelocities, column diameter did not have a significant effect on the
gas hold-up values. Also held-ups in the "foamy" regime were higher for
runs made in the smaller diameter column, which is in agreement with the
findings from the present study. Kuo et al. conducted similar studies in
two tall columns {0.051 m ID and 0.102 m ID, 9.14 m tall) with FT-200 wax
and reactof waxes produced 1In their banch scalerunits. These studies showed
no effect of column diameter on gas hold-up for FT-200 an, however, in
experiments with reactor waxes higher.hold-ups were obtained in the larger

column. Deckwer et al. (1980) conducted experiments 1in tweo different

g3
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diameter columns (0.041 m and 0.10 m). For temperatures below 250°C hold-up
in the smaller diameter column was consistently higher than the hold-uﬁ in
the 0.10 m column for the range of velocities investigated (0.005-C.03
m/s). It should be noted that foam was present under these conditions.
However, fér temperatures-greater than 250°C, Thold-up values from the two
columns were similar. Shah et al. (1982) summarized the findings of wvarious
;esearchers, from hold-up measurements made with systems which did not
produce foam (mostly air-water), which show that the effect of column
diameter on the average gas hold-up is minimal. In genéfal‘slightly lower
hold-ups were obtained in large diameter columns compared to smaller
columns.

_In summary, our results show that the effect of column diameter is not
very pronounced in the absence of foam. However, when fcam -was present,
hol&-up values in the smaller column {(0.051 m ID) were higher than those in
the larger column (0.22%9 m ID). This difference was more pronounced when

distributors with smaller holes were used.

B.5. Effect of Distributor Tvpe

The performance of the different distributors was investigated in the
0.051 and 0.229 m ID columns using FI-300 wax. Three. orifice plate
distributors (1, 1.85 and 4 mm holes) and a 40 um sintered metal plate
(SMP) distributor were evaluated in the smaller diameter -column. The
orifice plate distributors provided jet velocitles in the range 1.6 m/s to
310 m/s for the superficial gas velocities in the range from 0.01 m/s to
0.12 m/s. Twe perforated plate distributors, 19 = 1 m and 19 x 1.85 nmum,
used in the 0.229 m ID column gave jet velocities similar to these obtained

with the 1 mm and 1.85 mm orifice plates in the 0.051 m column. A 5 x 1 mm
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