ﬁpﬁrcpriatz bEreak zoints were then selected by the user and plets =similaz
te those shown in Piguwe 0-1 (AZPEIDIX €) obzained.  The slopes sl Inler-
cepts I the straight line eepgmentz ware then cewputed arnd the cerres.
vending rise welocities and hold-up Svactions obtsoined. Tie compuater Lhsn

cculgred bubhbte mizes for sach elzes of Busblszsz, the nomoer o Hubbles in

zech ¢lass and finally the Szuter mesn dismeder., & sunmery datra sheet  for

every run, £imllzr Tc these shown o AFZERDIX [, was then printed ouz:

L., Experimernta. Bezults

DED wsasurewents were mads sgfter & pinimum of one and a kalf hour gper
velococicy for veloeitiss dstween 0,01 and 3,05 =48, wrd a tinimum of  hour
for welocities greater than 0.03 1./3 except for a few -un as  dispussed
below. Tt was n=eessery to wait for this duration —o ensurs that steady
state was achiewvec, particularly wher foar was pressnt. Summary of results
for selected vunz ars Ineluded in APPENDIX [,

I.3c.1l. Effect of QOpevatring Tewparabure

Tigure V-66a i a plot 27 the Scutcr mesn bubble Ziameter {ds) as a
funetion  of superficial gas veloni'y Inr esperimsncs conduszed with FL-300

n the 0.051 m ID eolumn using = 1,85 sm oxifice plate dist=i‘butor.

[

e

average gasz  beld . up wvalves Zor thess rams ave shewmn Lo Figure V-8£b

iy

iguras W-ARBa  znd Y-ifbh  chow siwilar results for runs  conducted with
Snrol’s Mrgs wan.
Sauter medn Cianeia- values for FT-200 waw 2t £65°C (Tlpire V-4&z) arc

cansistansly lower Zhan values at 2000 for sll walaocities, enzest ar 0,491

5. .o the presence of foam [un = 0.02 o 105 awsR) 4 At 200'I iz 50%
nighz=  rhan ﬁs at  2463°3 {(C.¥) mo cexpared te arsund J.5 mol.  Tois
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difference Increaases db ug ircresses and at €22 nfs ds at 2000 is
apzroximately owlce &£5 large as ds at 2652 (2 mm  compared tx b omm).
Eesults for Sascl resctor wax (Figure V-68a) show a similar elfrcet of
temaerature on the Eputer mesn dlaverarg. Studlzs ware also conducterd with
Kobil rtezetar wax o isvestigate the effect of tempersture, Results from
theze studics .showed Trends that ware the zame ac those for FT-300 awnd
tasci waxss, Lisralore, they zre oot shown nere.

Tre significant differences betwean dg raineg at the Z90°C moid RSO
=an be attriTuted walaly to the Jiffarent vwiscesicies oI the wanes at thoso
temperacures. Viscsoity Fox the thrae waxes ifnveslipated were hatween 50 o
£3% higher a4 F00"Z than at 263°C., Therefors. the cficet oI temparature cn
Sauter mesn dismecsrs cav bz wlewed as the eflee: ol U7guid viscosicy.

Pigare WV-{7a shows che effsct of ges ﬁa_oci:y on the smail snd  larse
bubble zizez for the runs econdocrted at 20070 zoil 253°0 with FT-300 waex. Tha
variztien in rthe velume fractior of large bubbles with gas velocivy at t©he
TwWo Temperatures s showh i Figﬁ:e V-E¥h, The rvesutcs for chz two runs are
given 1in lables D-1 and B-2 (ARPPEFNDLE D7, These results shaw chat  smell
bubbles  detemuine the welus of d a7 most valocitias. liewever, at kighar

cas velocitiszs, the welume fractiorm of large bubblas rescheos s5 Dlga g EO

o

ard levpe 2ubkles have saTte effsct or the wvalve of d . This causes <the
5

Sauter meaw bubble diamacer o incres=e slightly for welecitles 0.00 @75
and higher, TFigure V-67a shows that the diameter of swall bubbles was oot

affecred by gzes veloelty, haowover, lerzge hubbles dincressed in dismsts: =

L

higrer welesizies {w_ = O0.0F - 0.1 m s} malnly due to ths growing nuarher

ol slugs. Az ciazetsr 3£ small bubbles as 25570 was around C.33 mm, «whaile

the diameter [or small Lolboles =L 200°0 vas sroond 004% an, The diadeters

il
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of 1large bubbles are similar at the two temperatures. These results show
that small bubbles are mainly responsible for the differences in ds values
at the two temperatures. This is in agreement with results reported by
Schuger]l (198l), who conducted studies with glycerine solutions and showed
that bubbles in that system could be classified into three size ranges. The
small bubbles had the strongest influence on ds. Schugerl’s studies also
indicate that ds increases with viscosity and superficial gas velocity,

Hold-ups at 200°C were consistently lower tﬁan at 265°C with all waxes
for the ranpge of superficial gas velocitlies employed in these studies.
Figuré V-66b shows a significant difference Setween hold-up values at the
two temperatures for velocities between 0.02 and 0.03 m/s, however this is
not reflected in the dS values. The difference in hold-ups is mainly due to
the extent of foaming, which was different for the different runs. In the
presence of foam the number of small bubbles is exceedingly high and exerts
a strong influence on ds. However, the diameter of these bubbles is not
influenced by the amount of foam and remains fairly constant {as shown in
Figure V-67a), therefore, ds’ in the presence of foam, is independent of
the hold-up value. Fipgure V-66a also illustrates reproducibilityuof results
(dS values) for the two rumns conducted at‘265°C. Results from the two runs
at 265°C are in good agreement, except for discrepancies between ds values
at 0.61 and C.05 m/s, which could be attributed to the foaming character-
istiecs (at 0.05 m/s) or to errors in the measurement process (at 0.0l m/s).
At 0.05 m/s, foam was still present in Run 13-3 but it was absent in Run 6-
1.

D.3¢c.2. Effect of Distributor Type

Figures V-69 and V-7la illustrate the effect of distributor type on
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the Sauter mean diameter for FT-300 and Mobil reactor wax. Results for
Sasol reactor vax are qdalitatively similar to those for Mobil wax and are
not shown. ‘Only orifice plate distributors (1.85 mm and 4 mm) were used in
experiments with FT-300 wax. Runs with a 40um SMP distributor caused exces-
sive foaming preventing the use of the DGD technique for bubble size dis-
tribution measurements. The 1.85 mm orifice plate distributor and‘the 40um
SMP were wusad for experiments with the reactor waxes. With these waxes
foaming was not a problem and DGD measurements could be made with both
distributors. All runs were conducted at a temperature of 265°C. Figure V-
71b shows Thold-up values for the twe runs conducted using Mobil reactor
wax.

Results for runs made using FT-300 wax (?igure V-69) show no signifi-
cant effect of distributor type, with similar ds values resulting for both
1.85 and 4 mm distributors.. There is, however, significant variation in dS
values at a superficial gas velocity of 0.01 m/s. This variation might be
iﬁdicative of the inability of the DGD technique to predict Sauter mean
diameters at very low pgas veloclities (or low gas hold-up wvalues). However,
trends are similar for all runs made with FT-300 wax, 1i.e. ds is sighifi-
cantly greater at 0.0l m/s compared to values in the velocity range 0.02 -
0.05 m/s. Results for FT- 300 wax once again show that when foam is present
the Sauter mean diameter 1s approximately constant (i.e. independent of the
gas velocity and the amount of foam present).

Figure V-70a shows the effect of gas velocity on the small and large
bubble diameters for experiments conducted with the 1.83 mm and 4 mm ori-
fice plate distzibutors using FT-300 wax.- The size of small bubbles, with

the 4 mm orifice, is arcund 0.35 mm which is similar to values with the
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1.85 mm orifice (0.23 mm). Table L-5 {APPERDIY [Y gives results far expavi-
mence with the 4 nem distrihocer. Theze vezulis indicsts little wariction in
;he size of small bubbles with ges velocity, s=similer to chservazions with
Lthe -.83 nx distritrizor. The wariation in ths wolumwe fraetion ef large
bubbles with zas wvelealicy iz similex Zor the mwe runs  (Figure ?—?ﬁb}.
Therefore, the o luazaes of large Dihbles o- Y32 Ssucer mean dlameters for
the wwo distriburzere {Zfaor ug = 0,05 mfe) is sxpected to be the same, Ee5 is

snown  fn Flunre Ye09 Fip_ra V-1%9 onra #gsin shoewg thes resclte fron  twe
difierent rurns with FT-330 wax, u;ing chz & mm orifics p_ete distrihuzar,
are in faivly powl agressant wiuh one snothee.

Foesulcs freo exserimerts ceonductzd with Mobll reseser wax {Flzure V-
fla) snowsd a miniznal effect of disnvibutuar Lvps, ‘with <he 5¥P distributer
zteevlting in < valuse That 2re gomewnat Ieower than thoge with the 1,85 mo
srifice plats distriburor. Sauter mean dismeter Ireressed with gas veloci-y
Trar around L omm 3t C 0% of/s to approximavely 5 mr at 0.12 mys  using  the

L. &5 mm discrioutor. These wvalues ave asbout 20% Figher thar those with the

[

MP fiz+tribu<ar ar mazt welariries,

o

Most of the literature dezslirg wizh the influvence of distributer type

o+ hunible =ize indicatzs tha:t bubble sizes in Zully established gas-liquid

cdispersisn Is  independent of distribuicr fxge (e.g. akita asd Foshida,

1674 Mersmarn, 1578%. Findlings Lrom the presens svudy with waXes &ppesr to

e in gooc ppgresient with Prends repeorted in licoratuvre,

D.3c.3 ZFfact of Orlupn Jiamaier

Yhiz effecy of column dismetsry was investipated usicg FP-T00 wax in cthe

.05 w0 Thoand 0223w IT wlass coluwns, igure V-72 snows resalis  from

these  Ertudiec . Sautar  mean diamstsrs Trom thrzo runs in the 0,374 = I
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column and one run in the 0.051 m ID column are presented in Figure V-72a.
Figure V-72b shows hold-up values for these runs. All runs were conducted
at a temperature of 265°C. A 19 X 1.85 mm distributor was used for runs
made in the large column, while the 1.85 mm orifice plate distributor was
used in the 0.051 m ID column.

Sauter mean diameters‘from runs made in the two columns appéar to be
gualitatively similar with ds appreaching a constant wvalue of around ¢.8 mm
at higher velccities {ug greater than 0.05 m/s). The flow field in the two
colunns is different, with runs in the smaller.column having a greater
tendency to produce more foam and slugs were present at higher wvelocities.
This difference manifests itself in the shape of the curves shown in Figure
V-72. All yuns in the ©0.051 m ID column produéed slugs that were
distributed along the entire column length at ug values greater than (.05
m/s, however, this was not seen in the larger column. Churn-turbulent flow
prevailed in this column for these high gas flow rates. The effect of gas
velocity on the small and large bubbles for the run in the 0.051 m ID
column and one run in the 0.229 m ID column is shown in Figure V-73a. The
variation in the volume'fraction of large bubbles with gas ﬁelocity for the
two runs 1s shown in Figure V-73b. A gignificant difference between the
‘two columns is the contribution of large bubbies to the Sauter mean
diameter. The wvolume fraction of large bubbles (fL) in the 0,051 'm 1ID
column increased steadilyrwith gas velocity and reached 70% at .12 m/s,
whereas fL in the large column appears to reach a constant value of around
50¢ for gas velocities above 0.05 m/s. Slugs in the smaller columm ares
stabilized by the wall aznd continue to grow in size with an increase in gas

velocity,' however, large bubbles in the 0.229 m ID column are relatively
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vnstable  and  de net grow with an ineresse In gas velocisy, Figure V-Tiz
shows that i= the 0.22% m ID column, large bubblas Temsined betwaen 50 and
60 mre I digmeter for gz weloeitien preater than 0,02 gz, howewer,
reszlts for the 0.CO1 m ID column indiczze that large bubbles (or slugs)
continue to grow Zeor velocltles greater than £.0% m/s. This aexplains the
diiferent trerds obsarved for the variation of d5 with uE i the two
eolunne,  The fismerar of emell Lublles for _he largs volusn is 0.31 mm and
remaine falrly constant over the ertire range of supexficial gas velo:itiés
{Tahle [-4). This Value.cﬂwparu5 well with the value o 0.33 mm fer che
G.051 m D column: (Table D-1%. This is alse illustrated io Figure V-73a.
The carrelaticn pressnted by Akita ard Yoshids (¢1574%, based on
cetvdize corducted with other syoteme, indizsokes that d_ should be aigher
for 0,651 m TD ¢oluzn ccﬁparad Lo ds for tha 0,279 =010 column. This Le ner
clear frem resuvlts illustrazed in Figure V-72 cue o ths giscreparcy in
veluss frow the different ruas rece in the 0,220 n ID colunn.

Besulis Zram the threa rurs In the 0.329 m ID ecolimn  show similar
trands, i.=, ds reaghes & f=ixly somstans velue at avreond 003 -e C.07 /s,
however, there is soes tlscoepancy detween valves from the differant runs.
ITals can be partly attributed te different run Times eTploved and  to
cifferent fosming rheracteristics, - Bun 1-3 was condusted using shorter tun
Times goapared s Aung -8 snd 2-0 (20-30 mirmtes per velooity  InT the
termar compared to 50-90 piruress for the lateer Tuns). Hold-up waiues for
the ruang <ongusted in the 0.229 n LD colums (flpvre V-72bY reflect the:ze

differsnces.
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D.3¢c.4. Effect of Wax Tvpe

Figure V-74a illustrates the effect of wax type on the Sauter .mean
bubble diameter. Results are presented for runs made in the 0.051 m 1ID
column using a 1.85 mm orifice plate distributor at a temperature of 265°C.
Figure V-74b shows the effect of wax type on the volume fraction of large
bubbles (fL), Hold-up wvalues for the_three runs are shown in Figure V-73.
Results for these three'rﬁns are sumﬁariéed in Tables D-1, D-5 and D-6 in
APPENDIX D.

Sauter mean diameters for the three waxes are significantly different
as shown in Figure V-74a. FT-300 wax shows a decrease in ds as gas velocity
increases from 0.01 m/s to 0.02 m/s, and stays at around 0.5 mm for
?elocities in the range 0.02 to 0.05 m/s. It increases to around 1 mm as u
appfoaches 0.12 m/s. These values for the Sauter mean dizmeter are in good
agreement with those reported in literature. Quicker and Deckwer (1981}
have reported a value of around O.?Imm for FT-300 war. Workers at Mobil
(Kuo et al., 1985) conducted DGD studies with FT-200 wax and reported
average bubble diameters of 2.2 mm at 0.012 m/s and 1.2 mm at 0.022 m/s.
The decrease in ds values when the flow regime changes from bubbly flow (Pg
around 9.0l m/s) to foamy flow regime was also observed by Quicker and
Deckwer.

Sauter mean dlameters for Sasol wax are around 1 mm at a gas velocity
of 0.01 m/s and increase steadily to around 2 mm at 0.09 mn/s. Similarly,

Mobil wax gives dS values that range from arcund 1 mm at 0.01 m/s te 5.5 mm

at 0.12 m/s. The volume fraction of large bubbles shows similar behavior
for these two reactor waxes (Figure V-74bh). In the absence of foam, the
concentration of larger bubbles increases due to coalescence. FT-300 wax,
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on The other hand., hiac a Zarge fraction of amali] bLohbles whicli remains
entrained in the dizgpersiorn. Howsver, cnes gas veloeitiesz reach cround .03
o O, GY mASs, siuss Eegln Lo demlinale ard the 'l‘lfl'!d-lip hﬂgfﬂﬁ tz hz damirated
bv  largs bubbies. Therefare, £ arpeavs Eo increzse beyond this polips,

T

siowing & Livziul 2inilar ke that for —hs reacter waxss.

Fipere v-75 shows ther holid-up values for the Swo rezclor wixas (Sasol
znd Mo-ii) eve very sicilar, dsspite sigﬁificané differences in the Szuter
mean bubble cizleters (az shown In Flgure V-7iz)., . Helé-un waluss for FT-
I wax are sigoililsantiy bigher thar these for the reactor waxes in_ the
veloecity range $.02-0.07 m/s, therefors, the lowsr Seuters [er Liis wax are
£8 sxwpected. For wveloecities abeove 4.0/F mfs, the ditizrenze in hold-uzs 1z
less than 5% [(atsalute), howaver, ds veluse for FT-320 wax are still =igni-
ficantly lewszn, These results fndicate chat cven theupgh differemt waxes
give winlIer "]r:]_:l-upsr “he Saurer mezn vabl:le Claneters can be Ei.ﬂaﬂfi-
cantlv gifferent.

Fupavimenls  were also oco-pbncbedd &0 PO0°0C with the ilves waxes osing
the 1.85 mr oprifice plate distributer. Lhe trends chserved In these oXpori-
penis ate pealitatively sinilar to Those af 205°C and arz not shown here.

Schutpse and Crend (1%86) have racently applied the DGD fechnigus e
stady  che gas  hald-up seructure for che air-water system in a buobhla
coiurm. In thelir studies, *two distinct tubhls classes were obheerwved Zor a2ll

.

experimentcs. The¥ show that the rvise wvelocity for smell bubbles (amd cheve-
fors rthe diemeter of zsmall bubbles) remained almost cornstent Zor the velo-

clty renge G.0L-0.20 o/5.. Tuis 1s zimilar to the behavier of smzll bukbles

fourd In the przsent wors,

[
[,
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