co_umm at higher gas veleocities.

Trhe =whacegrasks were taker s2f-er a voen time of cre heur at & glven
vercoity, for wvelocities of .01 o0 0,05 w2, and afrer 4% mimmbens lor gas
valpeities greater than 005 myi=s. A minirum of fcur phetograpke wers taken
at each velocity using Kodsk 400 aSa Tri-% Pan filxz. In zhe 9.22% o 1D
co.umn,  ohoetegrapns ware also taken fuost afier the gas Inout te che colunn
was shut off, sZter each welocity. This was dene 1in ordsr e obtain bubble

slrxe  Jdistrilutions after the Zarpe bubbles hed dicengaped from  the

Gilspersian.
A& rmiajor  srohlam with the uke af the phelapraphic Lecheigua with
gvlindricsl cocliomns iz tae “eurvaturs gffsot’ The earvarure of the oglumt

wall digtorss the Loz res af the Lbulblezs Ly Phie esleen sinee Phe wall behaves
like & corwex len:. In erder o allswvizte this problem, the zrea of thc
colurn  that was plotopraphed was keas Al A winlmen (spproximscaly 15 X 206
mm:. Ffhe <isztcroc necwoen  the lses and the soluvmm wail was typlcally
biztwann: 30 to 50 nm. This slso helped in the imzge =nslysis procedurs since
the indiwvidual Duebbles were wore €lstinct when pheteogrsphed at = zless
'I.'El'I'IEE.

C.2¢, Experime=tal Zecultz

Tme poctcerathic technligue could le usad wniy with TT-300 wex becsuse

- lts claricy znd weter-lise aprearance. Mzasurcments were mad: mestly io

ths 8.0531 = ID zne €.229 w 1D

g-azss columes, witl sone otoprachs ol Lhe
Zlone field wzzy The eenztay of The 2olarn terern throuvgh “he specisally  con-
strictod  Do¥i (see Figawse ¥-4%9) in The 0,241 o 0 sisicless steel colum:,
It wezs not possible to uase th7s hechrigue with ke Mohil and Sasol reasior

waxes due To rtha2lr Zark celor.
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Results frer phstapgraphs Zaken in the 0.031 m ID 2oluon ars dlscusssd
gualitarivelvy becauvse of ke veletively emall tumber of bubbles sized per

conelitica (400 - 200, The sffert of large Subtlegs is significant for thls

L]

czse (see Section V-D.2e.3. However, +the techrnique wis ipproved when usad
imosmme F,Z220 o ID glare eoslumn and gcusrritative analveslis wes possinle  for
thisz weage. Data Trom twoe photoprapns Were used 2t each condizien for this
celurn and  sho vumzber o oubklezs cized was considsrebly largsr (13040 -
1740 As & rezul:s it would rot be prudenc to =ss2=5 the eféect af column

diamerer kased on the phocograzhic dsca.

a.04d. ., Eftest of He eght £have Distributeor

Fignra W.E0  gheows the aurer mexr dlamstar  for FI-I00 0 wan  Iraw
meezurerencs mede In th: 0,031 m ID czluma,  The moasavemsnts wore made a3t
2£253°C uslap the L.E5 np orifice plate discributer. Results are shown feor
three cifferent suvperficial gas velocities, [OL, 0,403 and .09 r/s.
CApproximatsly 400300 bubbles wers cata.egeed snd sized at each condition,
Ires= results show thar d_ coes nzt vary sigrificartly in tze lower 1alf o
the eolwar Jup to soous 1,35 = showve rtha distributasrl,  hwowewver, £

deerezses above cals polirct. Tos zssimar drop in the value oI dr ADpeETE to

L1

-

ne At oA grs velocliy of .02 mis, Zrom LT om to B8 mmoat & haipghz af 1,75
m. lhe curulative froegueney distridutions oresented In Figere W-31 supoort
e Lretels okseswved io Pilpure ¥-0O.  Av ¢ superlicisl gas wvelaoeiny af T.03
mAs, Figurs V-ol shews similar Susbhble size distributions at heights of [L43
a=d L.? m abkove the diztribo=or, ‘weever, 1hz cissritm:ion s0ifes o the
left &t a awight of 1. 32 T

., infizariwmg The pressnee af spasler bSubbles.

hs cf

inase curves alss indicate that The busble size discriburion et = helg

.98 m oahore rhe Aistvikiitor 15 oarvvowss thea thinss wt lowe2 helghis (Loe.

P
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0.45 and 1.2 m). Similar trends were observed at other velocitiés as well.
‘Figure 7V—52 shows the variation of dS with height above distributor
for a run conducted in the 0.229 m ID column with FT-300 wax at 265°C using
a 19 X 1.85 mm perforated plate distributor. Results obtained at
superficial gas veloéiéies of 0.01, CG.05 and 0.09 m/s are presented in this
figure. In this case two photographs were selected and analyzed for each
condition, and ds for the individual photographs was calculated. Results
from the two photographs were then combined and ds for the combined  data
was calculated. Thus, approximately 1500-1700 bubbles were catalogued and
. sized at each condition. The various symbols in Figure V752 represeﬁf ds
from combined data, while the wertical bars connect ds values from
individual photographs. Only one pheteograph could be analyzed at 0.C% m/s
for a height of 1.12 m above the distributor. The results once agsain
indicate trends which are similar to those observed in the 0.05)} m 1ID
column, however, they are not as significant as in the previous case. At
0.0l m/s, dS for the combined data (from the two phétographs at each
condition) decreases from 1.2 mm at 0.4]1 m above the distributor to 1.0 mm
at a height of 1.96 m above the distributor, a relative difference of less
than 20%. The significance éf this difference is further diminished because
of the wvariability in ds values from the individual photographs for a given
condition. For  example, at 0.01 m/s and at a height of 0.41 m above the
distributor, ‘ds from individual photographs 1s C.9 mm and 1,5 mm compared
to a ds value of 1.2 mm for the combined data. This translatés into a
relative difference of £25% between the individual and gombined values.
However, similar comparisons at the other conditions reveal significantly

lower variations, as can be seen In Figure V-52. The limited results
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prese=ted in -igure V-52 2lso show that the variabliZicy becween individual

photugrephe iz cousiderably lawer at preater helzhis above the colivrLoutar

b =)

‘.z, &t 1.%% m; zenpared to values n=zar the distxZbuter {at 2 height of
3.41 w3k, This might h= A comsegquence of marrower oubbls size distributians

&T 1.%8 m camwparsd ta thoze at 021 m.
The resclts rezaentec anove imply THaE in gencrcl The S8JUCsT mean
hie 5 PY= put | ! iy el it & [ [ = =T .

bibkble ciamezer has a candency o decreage wirh en lncresse "n heipht =hove

tha diztr’buter. Tris behavior iz suppsrted v visual ooservations anc by

T2

reza®ts aScained from sxizl held-up measvremsnts  (see Sscilon V-0.3.0.
Fisuare V-4 shews —hat _oea: bkold-up walees 2t diffcrent axisl  _ocatisns
sleng  che zolumn nereasss with halzbt. The extent of ‘norease Was  wores

prepoancce  whon feam was present In the sy=cem {e.p. &t 0.03 anc 0.GY nf=

‘m Figurs v-403. %7 =ra 9'ghar hold-ups ave cacssd by smaller bubbles, axial

hold ap  measurcmentz imsly that bubblie size decreased with 2w Increase in

robuaar heighit. This is In sgresmect with ths relatively large decxzeases in

d at 0.03 m/e i Figure V.50 where Zosm wes present, Howewver, 1In the

=
gbserce 2& Zgam, axial meld-ux valces show only £ ma¥ginal inerease witch an

increazs in column helght {e.z. Figare V-41). This Lls wace agaln in agree-

cest with the weak ttends shown by & wnder similar ceondltions (Figure V-

chearvatiorne of The flow-fiald near cthe bottom of The column

bn
ko
o
H
[
4]
=
1]
1—

weveal  relstively large Subkiez with hign »ize wvelocitles - resulting in

“he lower nolde-uos gnd lzrger cq values &t Lhis locerlion.  However, ithese

buobles bazic *o Sigperss sesalting in emaller bubbles and higher helic-ups

highar «ap  in be colunn. &L welocisies where fosm is prufuc=d, a large
nenker of wery fine babbles arse pressnt in 02 system, procucing higher

noidsvps znd lower Zauters towsrds the top of ths columm.
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Tewall et al, ({1545} praoscat some Tesults from experipents cocducted
in & 0.406 m diameter and 3.0% 0 tall colwm wilh zhe sir-water systes.
They repors 2 variation In axizl keld-up which iz sinmilar te %kat chzerved
in the prasent study, howsver. bubble size distrisulicn zeasursmercs, using
“he oDhotegrsvhic  teckhnigue, €1& met rovesl oy =ronis, A possible
crp.anation fer this czulé be =har Tawell &t &" . messtired bubble sizes p
Lo A helght of 250 m abewse the distributer, while tae cxrauded heigh: was
erourd 2 m. ThsrsZeve, it 1s Likelv that zhe Yaver of freoth ¢thss ke
Tever tro in thelr iswvesripgatioms!. whick ie expscited to he acsempanies oy
smaller bubbles was not aeccourted fcr in thair thetngrashic measurepsnis.
Farthersote, t7a alr-weolerz systew  studled by Towell ot gL., 45 lezs
condusive  to produeing the Zinc bubbles prezent in the rolten wax-nitregen
system. thus, the effect of Lis ghr abowe distribuser right te diffsrent in
the Tuo svstems deepite éimilcr varlarieons it axial keld-up vzlues. S5in?%ar
results heve Hesn repovred wure rscencly ov Usyamz et a7, (16807 in stucdies
that were alsa concducied with the sir-watsr svstem, Thay used a serldinm size
(0.5 m diemeter and 3.05 m tall® hibble coluwn 1m =hai-v investigzsicns and
Tade D Dblle szize diztribaticn mcasurerents using both, the pghotapraphic
cecnnicue and cleaetrie resistivisy probes. Thelr studizs alss rewveszl  that
ouodle  sire dnes Dot vary siznifi-zently with Seighr above the dfstributor
even  theugh  Thew report the presenze of a laver of Sratw on top ﬁf. the
dispevainn.  Resulis  obtzized Ir the present study Lﬁ the atsesce of  foam
‘higher gaz welccities) and in che largsr columm ¢2.27% o T
desendence af ds on calaar helghr,  which fs in agreeienl wlin the findings

nf Towell ec =il and Uevama st a7,
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D.2d.2. Effect of ¥low Regime and Operating Procedure

Results presented earlier (see Section V-B.Z.) indicate that the flow
regime at a given velocity is affected by the cperating procedure. The
tendency to foam was greater when increasing order of gas velocities were
employed  compared to runs conducted using decreasing order of gas
velocities. Therefore, the effects of flow fegime and operating procedure
are grouped togegher in the following discussion.

Figure V-33 shows the cumulative frequency curves obtained from phgto-
graphs taken 1n the 0.051 m ID column equipped with the 1.85 mm orifice
plate distributor wusing FT-300 wax at a temperature of 265°C and a gas
velocity of 0.03 m/s. Thé open circles indicate results obtained when foam
was present (increasing order of wvelocities), while the solid circles
denote results in the absence of foam (dgcreasing crder of wvelocities). The
differences between ghe two curves are obvicus. In the presence of foam, a
greater number of smaller bubbles are produéed in the dispersion compared
to the case where foam is absent. Results at cther heights indicate similar
trends, 1.e. dS was lower in the presence of foém. This was iilustrated in
Figure V-30, where ds at a gas velocity of 0.03 m/s (when foam was present)
was consistently lower than ds at other velocities.

.Figure V-54 gives cumulative frequency curves obtained using the 40
um  sintered metal plate (SMP) distributor under conditioné similar to .
those for the 1.85 mm distributor. However, the superficial gas veloecity in
this instance is 0.07 m/s, Tﬁese results Iindicate that bubble sizes are
significantly greater in the presence of foam when comparéd te the case
when no foam was present, However, it should bz noted that foam, when

present, filled the entire column (Ec = 70%) in experiments with SMP.
(=4
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Tharelore, <che <chotographs talen under these condizionz wera of foar.
Whorcas, it cHpzrizents conducted with the L1.03 mn orifice plate
dizeribusor, fos3 daes vot £ill che snuits celumn; Ttence, photographs taken
m¥e Thoss o the bubbles 1n the gas-ligquid dl=nersicn nesr the wall of <che
calumn. Thitozraths of Tha Toam reveal thas ths ds foT Zozm iz arouvnd 0.3

mmn  &nc the bubble frecuency distribution is reletivaly nevrows, as cat ba

-

seen  frume Flgure V-54. The diffsrvance In cremcds observad with the SHF
diszridvtor, comparzd e the L. BS mm arifize ﬁlate distriputor, can b=
exp_Aained br  the Zact ;hat foam tenfds te be comprised of larzer bubbles
thar =hogs in The liquid fexceps for sivzs), Hesults for this distrivaotor
at  oithar velocities (0.01 ard O.0% +/5) showed sinmilar believipr,  Foam was
presealf in ke wholas colurn and l:lh WinL COMEistently sreurd 0.5 mm oat  these
veloocitiss.

Resulos J1Tustrarirg the effact of oferating procodurc on the bubble
elze distribucieon, tor the 3,229 m IT colusn, «-m presenled in Figore V-35.
Thers turs were conductad at 263°C vsine 2 [9 & L. BS mm parforesed plake
digkrisuter. Tioc photngraﬁhs were taksm at a twmigal of 1.12 m abewve The
distributer usi—g a superficizl gas welocity of 2,02 m/s. Hubblzs —radured
uging loereasing erder of wvelscicies appear to bz smsllsr  thar  these
produced using decrecssing crdes of walocities, howewvsr, the differerce does
At appezr te be sipnificart and can ba accounted Tovw by the d2{ferenpes in
hold-vp valies Zar the two cazes (14 4% witl inerezsieg order of woleocities

arl L2 0% with decxeasing arder of wvelotitics

"
.-

20.2d.3. Zifsct of Euperiicics? Zas Velao® -
Tae weifect of welocoily rn Sauter nsen  dismater ot CHEST imETES
vowdus e In othe 0,037 o ID column wiivg che 1OEE mm orvifise lmie
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distributsr et 755%°8 s shown i3n Figo-ze W-56 Jar A helghl ol 2.7 m abuove

The distyibutet, In peneral, o acpears o remelin fziriv censtart {avocund
Il
1.E mm) repardless of oparazing poozadure and gas welacity The efiec:z of

large 'oubblzs Iz more stenoutced far Thez: Zezults Secmuse of the limized
mumbsr of huiobles slzed (arournd 400 ta 200 per cenditien). This miphe nelp
2Xplain tﬂe Eratier in resulte chown In Tligure V-98. Resvlos ohioiced using
the 40 547 discributor ave shown in Tigsre Y-57. The 3Sauter mean
dizmeter for thfs dlssributer also apoears to rexs’r feirly coufzasht arouns
J.€ mm over the rangs of gas velesitiss smplayed.  Zeidi et al. (1973) gl
Devigwr 2L gl.  (13E]) repeors SaLter mzan diamszars of avaut ot for
molcer. peroffin wax it bubkble eeliwm: eguizpes with pereus plate  sta-gars
ahich is i gaod agriemcut with resvlis shisinsd in our study,

igere VeZE [llistrates the effcocs ul gas veleocity thtb& Sauter mean
dismeter for exprriments condocter in the 7,230 m I3 glass column, “hece
resulrs indicate thet the Sauter wean digmeter tendzs to decreass  inftially
a5 pgas velocity fs iveveased sl approathes a constant wslue at higher az=
relocicies., At J.41 © ahove the distribucor cls denreasss CTom appro}:i:r.a.te_‘_}r
1.2 mmoas 0.01 m¢s to approxinately 0.7 ma 2t highsr weloszities. Visual
soservationzs  of tﬁe flaw IZi2id esuppert chese cvesults.  llowewer, a6 2,15 o
apd 1,08 n above the distsibhutoy, "uhblas zrw slgnilleansly smaller at hlzh

velacizias,  gzpproachdng 5.4 ©m a2t a pas ~fslocity of 9,09 mis. Agaim, thie

ment with vwisual abssrvaticos. AL hipq veloecltvies, bubbles pear

iz in &sgre

th

the: wall Fowtnoa wery fine dizpersianm,

-_

Culeser anc  Jeclower (L9ELl) estimsred o for 77-

isd

collrn using percus plate awl parlorated piste =pergers.  Toey tock —hobo-

grapbs ol hubbles slone The column wall Zor enperiments performed iz the

00 wax in a buuiie

Eamn
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homogeneous Tiow weglnoe. Thelir resales shpw thaL c'is s Azounce 1.5 pmoal “ow
valocities (ug = 0.303 mse} and it decreasss So about 0 % rm oat o velocity
of 0.033 mgs dTigure V-56). JSsursr mesen 2lansters Tov FT-380 wax fron che
curreni: stady == a height of 0,492 @ cheve the disszibucor cre ir  goad
agreemens with ths fincimgs ol chese workers considaring the diffarencez in
cis=ribu+orz znd onerscicg corndinisnz,

Sigure V-55 shows restlts from photreraphs fsken #t & cemperature of
577 in ihe 0241 m ID eraivlese ztsel ealivmn chrough the spesisl viewing
port located &t s heipght of 1.37 m above tha distriboter.  Two phutas at
gruhi wvelnociry were selecrtszd and analyred, zad dﬂ Lrom the individaal phcotes
wes solowlared, The date fror che two photcgrzphs wevre then cesbined and d_
o fhe conitined datz wee also releulated,  Apsroximatcly 1500-1790 wubbles
wele catalogucd and sized gt sach velbozity {combived tcital from the two

m _ L=

thazographs) . Tas
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=
o
)
1

Iy
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i Flgure V-59 represenc 4, for the eomoined
data, whersess ths ds values Zor indlvidual photopraphs are zonnected by the
werticel Dpar &z eaih wvelooltny., Ssuter mesw diamerers reach 2 zawimom  oF
1.2 mm at 0,03 m/s and then stabilize et spproximately 0.3 am for higher
velazities. Sauter neas dizeetzrs [rom the Zndiwidesl chotographs coppare
gatisfactorily zoazidering the limitatioms of this procedure. These —esults
indlcate cthat for gew welocities “r rhe renge 0.02.0.04 m/s larger bushies
w2IE preseny Ni4ar tba comter of tho 2olurn.  -owewer, bubnlss ware nuch
smal_er &t velocecitlies greastar then 0,04 wy/s. This indicatss that at iower
LEy veLuciLiﬁs, there mighf bz significant circulztion patterrs ir  the
celunn: wien arger bubs_es are meving upwsrds I the ca=rer o the  colleon.
Bowever, &t ddigher pas velcoibiss when Tlow is in che  "ehuro-turscelenz®

regimz,  chess  ofvonlations  zive way to  intense mixing, resulsing  in

S .,




(pauiquuos s1am sojoyd omy ay) wouy
SI[N$3) Uaym SI1313WeRIp uesly saineg Juasaidal saaad uado ‘sydeiFojoyd {enpiaipuy wiosy s1a1awelp ueal 1ajneg

utof sieq |ed1aa - 2~z uny) 91PWeIp B|qqnq ueaw 1AINES 3Y) uo A3ojaa sed jediyiadns jo ey "6G-A 2nBiy

(s/w) ALIDOTIA SVYD IVIDIAHIINS

oLo £0°0 . 900 $0°0 20°0 00°0

. _ . . . — , _ ’ 00
i {vro §
1 ] m
o1
_ LN {190 >
m
>
P
= 14 ¢t w)
>
<
s {on §
m
! ) 2
W /e JIHDIgH .w,
= ALIDOT3A SVYD DNISYIHONI dd Wl §g°| X @4 "mo._.:m,_mhm_o 10¢ 3J
| W ig - 8’4 :LHOIFH DILVLS 0, 992 :3UNLVHIdNIL =~

(S8) w 1¥2°0 :al NWNTIOD XVM 00€-14 :QINDN
§ ] . ] g { ) | . '.N




relarively small bubble =izes. Vicual ohseavvztione of zhe dispersien
supoert theoos findings, ,
felectad cumulative frequensy cuxves fus mezsurements made In the .84
m IL coelumn are skawe in Figure V-60. As expooted,  theas cayves show that
the =ize af small Subbles wemaines almost  constanl. as all  welecitiles.
dowever, <the larpe oubbles changs Iir size wizh zao weleoivy end  =his Ia
refleared by the wariatien in the upper helf of these curves. The changs in

distribucions with ges welccivy is in apresment with the trend shewn  In

Figure V-2%, At 0,01 més the bubbles are 2mall a-d e disccitmainn iz

relatiwvely sorrower (implying nomepsreous flew). FEowsver, ac wolocity is
incressed to D03 1=, levgsr buothles stext formirg == 5 resclt  of
coa_escence znd nlgher gas flow rates. as welecity iz furtheor iwcracssd to

%,7% m/z these large bubklss begin to braakup due to. inereased turhulsnca
and the distrilLietion orees sgain shifte te the laft (cewerds srmzaller bubhlie
sizes) . TFurther Inerssacs in valcoeity rasult in enlv 2 margins’ snift  ir

the cumulative freguuency musve (2.7 the avrve gv 0,00 m/s" .

D.2d.4. Effact of pistzisuccr

This eZZzct was Irvestipsied only in che 9.231 @ ID eclumy. Cumalative

[requengy  eurves  for measurements mode sk S55°0 =nd at a Eas ve.rocity of

0.0V m/s are presswted in Tiguve ¥-41.  The photographs weze taken at a
height of 1.2 m above the distributer. It was nat possible  tn compara
Tesults Zor the 1.62 mo cdistribucor zaf i™e SHP dictrinsuter s= velosicias

wlhiere foan was Fresenns beesase of seosots meniicnzd earlicr (=zee Secsicw 3.

E.Z2.). Taa vesultc oresentod it Figurs W-51 shew that —he SHP Cist- ihua<ar
srodgucsd swcl or bhudbles comparedl fo o tte LOEY mmoorifics plate dictribeatgr,
This is eapevied for @ medium with iow coslzscomeos rates.  auck 25 oaraffin
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waxes. These results are qualitatively in agreement with the arguments put
forward by Heijnen and van't Riet (1984) relating the bubble sizes in =
non-coalescing medium with the type of distributor used.

.2d4.5, Effect of Radial Position

The special viewing port comstructed in the 0.241 m ID stainless steel
column made it possible to compare the results obtained at the wall with
those cbtained from photographs taken near the center of the column
(approximately 0.028 m from the center of the column). One of the major
limitations of the photographic tecﬁnique is its Imability to predict -the
bubble size distribution across the entire cross-se;tion fér a non-
homogeneous flow field. The following results illustrate this limitation
clearly.

Sauter mean diameters mear the center of the cclumn were obtained in
the 0.241 m ID column from photographs taken at a height of 1.37 m above
the distributor and the results were shown in Figure V-59. Photographs cf
bubbles near the wall were taken in the 0.229 m ID glass column af three
different heights (0.41 m, 1.12 m and 1.96 m above the distributor). These
results, presented in Figure V-52, showed that the Sauter mean diameter did
not change significantly with height above the distributor. Therefore, it
can be assumed that ds values at a height of 1.37 m, mnear the wall, should
be approximately the same as those at 1.12 m or 1.96 m. Based on this
assumption, it is possible to study the effect cf radial positien on the
Sauter mean bubble diameter. Figure V-62 shows the variation of ds with the
normalized radial position at a temperature cof 2653°C for different
superficial gas velocities. Values at the wall are based on photographs

taken at a height of 1.96 m above the distributer.
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Results opresented in Figure V-62 show that ds is significantly
affected by radial position at all velocities, except at 0.01 m/s. At 0.Cl
m/s the Sauter mean diameter is approximately the same at the two loca-
tions. These results imply that the dispersion is not homogeneous at this
height (1.37 m above the distributor) once the gas velocity exceeds 0.0l
m/é and significant gradients bégin to develop. Figure V-éB shows
cumulative frequency distribution curves for the two locations at a super-
ficial gas velocity of 0.03 m/s. These results show that the bubble size
distribution at the wall is significantly different from that near the
center of the column, |

Shah et al. ({1983) have presented radial gas hold-up profiles for
studies conducted in the air-water system. These profiles indicate that the
hold-up is the highest at the column center and gradually decreases to a
minimum at the column wall. Ueyama et al. (1980) also report similar
findings with their studies with the air-water system. Ueyama et zl. also
present vradial profiles for the bubble sizes based on measuéements made
using rphotography and electrical resistivity probes. Thsir results show
trends which ‘are similar to those found in the present study with FT-300
wax. Smith, D.N. et al. (1984a) conducted studieé with the aqueous ethancl
and nitrogen system and found that bubble size increased slightly from the
column wall to the cénter of the column, however, ds was found to be fairly
constant within =z distance of hzlf a radius from the column center. Radial
gas hold-up profiles from thelr studies are similar to_tﬁose reported by
Vevama et al, Gas hold-up profiles presented in literature are as expected
gince it is well known that the greater part of the gas moves through the

central core of the bubble column. For the column used in the present
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wtudy, circulation patterns begin to develon in the columm so that large
bubbles move umwards o the ceniter al Lhe column and  stail  bubbles
sncrainsd ‘n the liguid move dewn alomg ths wall oI the  column,  This
pranzmenen exclzins the differsnce i results beiween phetograchs taker st

the wall of “he ~2eiwmpn atd These talken vear the center of the columo.

.52, 6, Efrecrt of Ovroenates
“he eaffect of oxyzenates wasg Lovestigared using mixruras el known
conpasitinns of l-octadscanel, cetsdscaneic asid (stearic acid) and FT-3320

wex, Trega runs were made jin the 0,851 m ID celuma using increazine order
of welecities at 265°C. Beck,  the ¥F o ozmd L. %2 mz crifice plate
digtributers were uwsed in —hese srvdies. p oo 10 Wi % aof oxvgens“es ware
aceled to FT-200 wax curing theso cRpetimontso.

For rTuns gade using <he 1.825 mu eliserilictor,  the additiom of
pxypEsirates resulted in & decr;asa ir the value of the Ssuter mean bubbla
dimmpater faroand 1 nm for ve_ocities greskar than .03 mfs compared o
arcunc 1.E mm with pare FI-300 wax). This cegn be parclally explained by che
fact  chat n the rurs with oxygemated compouncs, slighatly higher hold-ups
wore ebtained than in runs wlthowt oxvganazes. Fesults [Xol WeRaSUIRREDLS
nack alep the SNP distributor are gualifatively similer to thess obisinec
uzing the 1.£3 mm &Zstribussr. Zieminek: st al. (1%67) and Xeitzl and Onken
28A%Y  concducted stucies to inwvestipate tne affect of the sdditicn of
eleposelytas  to  the alc-water systen.  Their stadies osing aloohals  =show
“tat the Sauter mean »uhale diasmeser for the air-watsr syatem  decreazcs
with an lnectreass in tha }Ength ol the cerbwn chaiag of e t1cabnl

0.24.7 . Effacey s¥ Goowrating TomoarTiure

"

“te &l “wst of operating tempsracurs (200 and 6570 was  investlgatec

-1
el
-l



ir the ¢.05)1 o ID colunn using both, the SME and the 1.B5 mz orifice plate
clatributors; and in the $3.24]1 m ID scainless steel colurn using the 15 X
1.8% wm perforsatead plate distributor. Results from measursments made tn the
G031 ¢ 1D eolion Tewvealed little or me effect of temperature on the bubble
gize distributions. Eauter mean dieémeters xt TO0°C wers siwmilar to those ar
265°C. Fhotopraphs ftelen near the center of the column in t‘.t".e 9.24 m 1D
coluwan  showed that the wvalue of is drapped &h LewpeTALLTH .wﬁs decressed
from Z65°C %o 200°C. At 002 m/e ds at 2653°C was 1.5 mm compared To grournd
L3 mm at Z00°0, & relative decresse of avound 13%, Similarly, at 0.07 n/=
the relative difference wag abcount 30% (1.1 fmr compares to O.5 @3y, Thesz
results are conirary to the belief that lowar tesperatures result in highex
visgusities  and therefcre should produes larger tubblss fas sbownm by DGD
maasurements) ., Eowever, [uicker and Decawer (L%8]1) reported similar re-

gulrs wich FT-3202 waxd . ' Theair rasulrz ghow & decreame in dS of ag mueh  as

30% art 0.0 m/s, when tcmperatuare was decressed from 170°C za  120°C, and

about L0% at a velocity of 0,03 m/c. Results for pTher svetems cheow chat an
lncrease  in wviscosity Jequivelent Lo & decrease in tepperaturs) resalts i
an  ineremase in o {r.g.  Acthugerl, 1981%. Theze appears te e na obvious
axplanatior for the resulss with FT-320 waw,

mn. 2o, Lmi topraphie Method

There are saveral limitations and dravkaces to the photsgraphic
teshnique Tor cetermining the Zaurer megn  Ziameter. The photopraphic
tachnique only allews for the analysis cf bubdles uwar the wall of the
columm which may no- be rapressntatives of ths bubbles in the entire column.
Eowevar, In the present worxz the severisty of <his limiteticn was zlleviated

T A grealt éxtsnt by constructing a special wisving pors iu the 0,241 @ 22

——




stainless steel column. This port, shown in Figure V-49, is indented int§
the column for the purpose of obtaining photographs of bubbles near the
center of the column. The construction of such a port 1is likely <o
influence the flow field because‘it creates an obstruction. However, the
possibility of such an occurrence was greatly reduced by constructing a
skirt (or a curtain) below the window as shown in‘Figure V-49, This metal
pliece extended around ¢.05 m below the window. The purpose was to trap the
bubbles close to the wall and allew the bubbles near the center of the
column to proceed wupwards unhindered. Visual observations of the flow
field, through the viewing port confirm this. However, occasionally a
sudden surge of small bubbles could be seen at the viewing port. This
happens when the cavity under the window is saturated with tiny bubbles and
as a result the bubbles are suddenly released iIn a large -swarm. The
photographs of the flow field were taken betﬁeen such surges.

Once vphotographs of bubbles have been taken, the bubble sizes asso-
ciated with the bubbles in the picture need to be determined by either a
mechanical method or by image analysis equipment. Regardless of the method
employed, the bubble sizes will be biased toward larger bubbles. The preju-
dice toward larger bubbles arises from the fact that in general, most of
the large bubbles will be sized in a photograph (since they are <clearly
cdefined and in focus); whereas, not all of the small bubbles will be sized
(too many and a lot are out of focus). In addition to this the measuring
process inveolves some subjectivity and therefore introduces a certain
amount of human error as well. Dus to the finite number of bubbles which
are counted the Sauter mean diameter will be significantly affected by the

presence of large bubbles. This is evident in the followinpg example.
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Given & bioodal distr bution with 300 bulbles of 0.3 o diamster zad 1
buthle L0 mr In dizmecer, tha Sautzr mear Siaceter is 4.7 w Jwsing Egua-
tlen {V-517. Powewer, gilven 330 bubbles of 1 mm in ciemscsr ard - bubkle 10
mu it diacgezer, the Saatar mean dlagsTer iz 2.5 em. Thecs resulze chow “ha:
for a distriburion centainiog spmaller wakbles (0 53 mm), the Sacter =mean
oubble dismerer I1s signdflesncly greater than the dle-ribuciorn contairning
larger bukbles (1 mmY, i.e. " 4.7 om far the Zormer verEuSIE.E mm £ar  the
latter. The <bwvicus problem 1s The presence of the one lzrge (10 mm} buthle
it gach of the cistrioutienas.  Zf 100,200 szall woebbles were sized instead
of 200, wely theo dews the value =l is gpprtosches 0.5 nz For Lhe first case
5td 1.0 mm Zor the fecord, Tor the meltsn wax - nitreogen syster the nrotlem
fs further agrrevaled hecause of The lafsge ourber of Zina bubbles  precent
in the disazersien, wherocs only a tew la@pe bubbles are viszible. Therefore,
by ceunting aniy @ relatively small nuater of these Jire bubhles cthe
sxleviabec wvalues for  tha Saulsy mean dismeter will be larger than  the
zctual  walues.  The rargin of this typ2 of crror can we  raduped Sy
inerezeing the Lubhls count (by aralyzing mere t=ar ote pheotopraph  per
conditionl). Bowever, chis Is an ardaous =axk,

0.3, Bubkble 5ize Discyiduticon Wsing the Dvmemic Cos Ciscrpapagent Mathod

B
T
]

o

Eubble =sire msssureTsnbs wers made usin ynatic gas diszngagenen:
technicue (D3D} devzlopsd by Srirsr and Hanm (15700 Exdperimsnitas wore
conducced  Im Itha 0,021 m ID ﬁnd the 0. 2:2 m 20 xlses cclurns in arder o
study  the effect of wopzratvivg Lamparature (200 snd 26570, distribuater

Type ., exlumn fismetsr, an£ wan tyoe.  Mejoricvy oI the srxperimeonts were

ToTICLES IO i thoe NElom LD celumn wsing TT-300 waw, arnd reactor  wares
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