aistisled water (i.e. a liguid af known censity). The rotamsters, on The
page  lines, werc ther zdfasted to obTeln £ zero reading  acioss all
pessiple  comninerions of pressure tap pairs (ore kiph sid= and Low sice
s¥il waen The column was empiy.  Howewer, The surge Flow threugh any glven
rotareter «4as wmaimtaired oelew 43 co/min,
afzer acjusting the DP 2ell, the coluon was fiilec with wax up te
the cdesirad Lheipht and messurements commencsd, The pressure drep scross
511 pessisle sembinations of  che JTRSSLTE taps  was MEASLTEC

sopraximately %5 minutes to one nour after achieving the dagirad colunn

temperatLre anc gas flow zafe. It wat meceszary o walt =t least 43
winutes to ensweze chet citcady state wes achievad, . particularly when foem
was present. Tor all ssxoerivents,  the Tiguid swatic height was apprexi-

mately 2.0 fo 2.4 m with the exception of the experizsac (m the cmall

colunp wi=h rhe =FP disirivobar (Hs =_.0 m. FPericdically, the HPSL

and the LPEL were sloorec by wsing the secomgary nitrogen PpUrge  sysiem
{i.e. by tioaing valves V13 and V16 ard asening valwves V13 and V14D,

-

2 3. Experimsrrtsl Fesul:ig

Tae Aifferential pressure messursments obtainec from the smderiments
were conwverted To axlal snd averzge hald-up valaes dsice ths cata redustion
proceduars eutlined in ATPFERDTR B.

.3, 1,85 —m Sidme?s Mols Guifire Flaze Dlelribictoey

anial g2z rold vp profiles obtzined from the supsrimenies conduczed in

increaning  wed decre=ssing crdst ot pas wwelociziss (4,031 m IR columa)] arc

ghawn 1r Figuresz V-a0 and ¥-41 cespectively. 1o the sxperiments conducted
from Low tz high gas flow rotes {lisure V-407 three zonets of gss bold-up
gan be solod ar tha Migher Fas velooities: 11l Tow held _ps arc ootalingg
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nozr the distoizuter: (23 nizher hald-ups in Lthe niddle of the ecolums; arnd
{37 wery alzh held-ups  {Zeam) gear  thoe toz of the expanded  bed. In
chis sxperimen=, the rtransicion {ram :hs ”fnamy" el ie £G the "slug =
ragime  was nel conpleteo {as snown in Figure V-L2J47, This iz roflaeied In
Tigura Vo4O Yy oalrast «To0lar axial hotdeup 2z the tsg of the colunn as
veleelty was increased frem 003 to O.0C7 pfs.  In gereral, the axial  gas
Eold-ur  imcress=3  with he'zho amil ges welincity.  The axial gzs holdi-up
profiles saslow pRtLoTns tkar  wers cxpectad bazed an wvisual
ckzezwarians . Larzger buoblies prodeced  witl: the 1.85% mm ovific: piate
fistritutar breclt into szaller hubtbles sz nsy wige wlithin cthe cclurn, =74
comsaguently  the irnareasze ¢ zas hold-up wick  coleon helight s cxupscted,
Furthsr v im; The colums, the prezemnce o Zoam couses Lo bigher sxlsl
Fold-wp, Thﬁ.same sype of bzhevior was cbserved in a U.U3L m TR by ¥ om tell
bubbla  column equlpped wich 2 T mw slrzle hole orifice plave cistriboato:
b Mobll woraers (Kuc a* al., 1745 who used the 7-Z00 wax &5 che liguid

madlum . Tawe’l eZ al. (1%65% and Jeramz =t 851, (1980) Tave rzporked &

o

zimilar inercasc  in axisl neold-up with height Sor  exposiments  cenducted
withh tle afr-water svs<em. In both of These studies, frets was avesent arn
the —op cf zhe dispszsior.

For Lle rar conducied D decreasing crdst of pas welocities {(Figura V-

A4l 4 orTsrt-up welocivy oI 9,07 mis waz exploved, Thie orevanted the
fornarticn of  Zcam., and consegqeently muach Seower held-up valaes ware on-

tziced chen in “he experiment comducrted in ineressina ecrdor ef veloeities.

Th= =a2ial gas Heid-vps were cdalitercively thoe sams for boTh  exoeriments,

I.e Lhe gxs noldecwe droreass: Wit wvelecizy. and oeight. However, e
frereace  of heldeap wizh height, £T a efbmzzart suznriicia’l gas weleolity,
L]

!
t+a
I
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tz  feirly small ir the "slwg flow" cepime (Tigure V-&l), This iz Iin¢
azreement with the firdinps ﬁf Zehradanil andé Xaztznel: (19733 fer alr-water
SY¥STEem.
Flpuze -4 ghows & comoarison of average soE told-ug valuss chitained
froa the 0.G31 m ID 28 celume t;sing DF measuremsnts} witn thasa sbvvained
from the 0.031 m ID plass column {from wiszusl observerions of the sLatie
znd  expandes Seight=:.  In wisw of the feet that <he esxperiments were
conducced it two difierenc columns (wsll surface Toughness effect

wteder  somewneat Alirfercpt coenditisns (o.f. Ppurge: —low in the 58 coiumn bat

oz i rhe glsss columns) ard thet diZfsrent ceconigues wI2Te Nset o
cbisin the aversge gas helsd- ups, Cha agroement in resclts 15 culte cotise
facrery. Thke main diffz"enaes ‘m the vasuizs 2=p zc “21lrws. Tha fa=n

Ereakupr did mot occur to a sigrificaat extent v the S: c:lumn.at waloci-
ties greaver +tnan 0.05 == usine an ivcreesing order cf gas velocitias
{opzn  cireles); wherazs, I £id ocoer (v The plg=s ~nlymn {epen
2quares). A erarsicien frem the "slug flow" rsginms (whers slups comi-
catz  apd foam isg ahsam:;' to  the "IDosny" rezime {(wnst: a stable layer of
toam persists at the :ep of —he cispersicnl toax plece in the glass column
wnen the velesloy was deervesssd frem 005 mfs te .03 mie; whils,
for the ewperimant tmﬂductea in the st2el column. wsing decreasing crder of

Fas walaoclities, -he =-ansitcion ts thoe “foomy" roegime did noT ccoous.

C.3% A% vm slgtersc Meta’ Plegs Dictributer |

Tae gxial zas hold-up prolfilss obialred wiztlh the 40 o 3ME
dizcrihatazr  are  zhnows Lo Tilgure Vo483, The same gooersl trends  wers
zhservad as with <he L.EZ am zifics Zleze di=ztribusor 4t higher  gas
velocities, 7 signiZficsns smouns e feoam  is CTLLERT  SWer in zhe

174
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lower parc of the column, which is in agreement with visual observations,

C.3c. 19 x 1 .85 mm Perforated Plate Distributor

Axial gas hold-up profiles obtained in the large column with the 19 x
1.85 mm PP distributor usiﬁg FT-300 as the 1ligquid medium are shown in
iguré V-44. In general, the same behavior was observed as with the axial

gas hold-up measurements in the smaller diameter column (see Figure V-41).

Vamely, in the absence of foam, axial gas hold-up increases with gas
velocity, however, it increases only slightly with an increase in column
height. The  average gas hold-ups at a given velocity were higher in ' the

large S5 column as oppesed to the large glass cblumn (see Figure Q;&S).
This, along with the constant hold-up profile, indicates that smaller
bubbles were @resent in the 0.241 m ID stalinless steel column and they were
uniformly dispefsed (i.e. the higher average gas hold-ups were not caused
by a layer of foam on top of the dispersion but rather by a higher
concentration‘ of smaller bubbles dispersed-throughout the liquid médium).
One possible explanation for this could be the aging of wax. Studies have
shown that'hold-up tends to be higher ia runs conducted with wax that has
been on stream for an extended period of time‘(see Section V-B.2.) The wak
used to conduct runs in the stainless steel column was on stream longer
than the wax used for the run conducted in the glass column. Therefore, it
is expected that smaller bubbles would be produced in the stainless stsel
column, resulting in higher hola-ups.

Average gas hold-ups obtained  using FT-300 as the liquid medium at
200 and 265°C in the 0.241 m ID stainless steel colﬁmn are shown in Figure
V-45; also shown are the average gas hold-ups obtained :in the 0.229 m ID

glass column. AllL experiments were conducted using increasing crder of

]
]
~.J
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velopizias, Thore 2: good  agroement batween  the data obtained it the
srainless s:eel columm and the 2iass column especially at 200°C.  Averaps
gaz ho.d-ups cotoined  from the expariment condusted &t 2&85°C dn the
243 11 TR stalinliess steel column were lzarger than The vwa.les obtalped in
the "churn-touroclent”™ reaims In the glass celumr; wet, lowar hizn Llhe

value=s ohzained in the "feery® reglm

ar .02 gng D03 oys. 0o the  other

i

2
Land, =hz gas neolf-ups otainsd aT Z00°C ir che scainlsss stesel column wers
slightly lower <han thosxe chtalined in ne gass colure ar 2005C. & similar

rend was observed wich Sesoel -raw In the Large coliun [see Flgure W-47) and

“in the =small column wich FT-200 wax (sse Figurs V-42, decreasing order of
Telocities . This is Coooahl |'_!.'._1.E Lo ouetassinal v the sTevry density n

the Lupmermast sgoclon o Che column,

)

Plpure V-46 shows vhz axlal ges haid-ups [or Sssal wax dzn che 0,227

iDL stzinless steel column. ihe srofiles ars 2ifforant. Srom thﬂgé abtai=ed
witlhh PT-Z00 ez, Cear rezalze wizh zazol wax indicete a oinfwam zxial  gas
Tolid-up midway. along the column beipht. Sascy wax Az & grestel LinosTcy
To caa’esce than dees FT-3030.  For this tyne of madica, It Ls possinis o
rzacn = maxinem stshie bubble smizz sleong ths calumm hzight, Lbheve  this
voeint, the bubbles may remain unchanzed or disps=ws2. This iz a zocsivla

sunlanaticn for the type of behnavior we faw with Sseol wax,  Haos et ai,
[_98E5) cordacted gxial oeld-up xeasuramenss with fractcs wax produeced o
snelt 2snch zenls unit (Pun GT-254-7 wax). Their resultz irdicacs a cradusl
decresss  n the exlial gas held-un s column heigot is increased (for u o =
OO02%5 0 LS el . Sinee rheloories wefe car<loeted Iv & 0031 o I col o, Cles

preeeres of slogs weoald have 2 givnifizcant effect on axizl holdaup, It bas

Feenn shown fthat 10 a colums of this siszs, s_ugfs are pFresent for  this

TI0
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velocity range, and therefore, the axial hold-up iIs expscted to decrease
with an increase in column height. Whereas, in the present study, where a
larger column was wused- (0.241 m ID), Zflow is mostly in the ‘“churn-
turbulent™ regime, where large bubbles are mere uniformly mixed with a lot
of fine ©bubbles, therefore, axlal hold-up tend§ to remaln c¢onstant or
increase slightly with column height.

Axial heold-up measurements show that hold-up profiles along the length
of the column are dependent on the fiow regime. In the presence of foam the
gas hold-ups near the top of the dispersion are significantly higher than
those in the lower perticn of the column, However, in the absénce of foam
and for systems with a high coalescence rate, the increase in held-up with
column- height 1is only marginal. An Increase in gas velocity shifts . the

axial gas hold-up profile upwards (towards higher values) irrespective of

whether the foam is present or not.
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