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-uf in
the ©0.10 m column for the range of wvelocities investigated (0.005-0.03
m/s). It should be noted that foam was present under these conditions.
However, fér temperatures-greater than 250°C, hold-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-?ater), which show that the effecf of column
diameter on the average gas hold-up is minimal. In genéfal slightly lower
held-ups were o¢btained 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 foam-was present,
hold-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 prenounced when
distributers with smaller holes were used,

B.5. Effect of Distributor Tvpe

The performance of the different distributors was investigated in the
0.031 and 0.229 m ID columns using FT-300 wax. Three orifice plate
distributors (1, 1.85 and 4 mm holes) and a 40 pgm sintered metal plate
(SMP) distributor were evaluated in the smaller diameter ‘column. The
orifice plate distributors provided jet velocities in the range 1.6 m/s to

e

310 m/s for the superficial gas velocities in the range from 0.01 m/s to
0.12 m/s. Two perforated plate distributors, 19 % 1l m and 192 z 1.85 nm,

used in the G.229 m ID column gave jet velocities similar to those 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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perforeted poete was ussd  In the large selane in order o eoblale ot
velomisles fup  to F2AmSsl similar to those in the Quicker and [hasincer

(19871 arudy, 11 addivicon to wMese Tovee Sistviburor=s, a4 300w 1.5 ma

w

-

parforsred  size  distributer Jecmmerly enscuntars:l itlfluidizcd beds)  wac

£l32 urad in the la¥esr colunn.  Resulss £rom = few wuns concliefed with FT-

A0 wax are zlso presented here.
The majar bighlights oF these investipations sraf

. Irn the scesller dismeter odluxn, hold-up in the "Zoomy™  vegime Jn-
creasss w;Lh e devrwame i o:ifice'diemetef, w;th thes 5T Zigtrxioutcr
giving the highess hold-uz waluaes.

L i the Large column, the dissribater type does w2t have a significant
2ffert oa kold-up waluss in the "feamy” cerime.

. The type of distribuber dses nob hsve 2 significant effecs an nold-up
i the abserece of feam in sither colum.

ure w-20 shows resilss ohtained dn the 0.031 m ID colunn witk FT-

300 wax &5 2585°C using the Zoar diztrlouvtors, Substantisl differences  1in
B

bold-ups  were abwtained in che "foamy™ reglms.  All measuredents  were
concacted using increzziny cvider ol veloeities, therofore, foam was  pro-
desed at Zower welocities, folleowsd by a trangitieon to the Felug flow"

rerive at hipher velocicies. Taoese results show that in the "foamv" regime,
hold-up insrseses with cecreasing orifice size with .the highess smount of

Zoam  being preduced by the 40 pm SHE distcihuzer end the lawsat amcunt of

Zoam  haing  orodicsd hy the 4 mn o orililve oiale disiributor.  Tie velozicy
rangc, over which foaming oceouvvs, =alesg dnprezess with decreasinn arziflice
size. —n gersvel, the differenzes in teld-uz valwes In chz "lesuy™ —egline

iffere-t orilice di=iribuiors could Lo aitriluted Lo dIlfevences

(9

wizh +©he
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Figure V-26. Effect of distributor type on gas hold-up ([J- Run 6-2; O - Run 13-1,%
- Run 15-1; A - Run 5-1)



“n jet velccities, It Iz koown that for the same superficial gas valozity,
jet veloglty increases with an inerease in celunn diametor or a oscreage im
orifice size. A higher jet wvelselty weuld translate {nto a higher kinetic
energy anc therefsre a greater rumber of zmall bubbles would be Formed,
resaiting in highazr hald-up walues.

Results oresented in Tigure ¥-26 show that, once the transition frem
the “foamy' ragime to the "slug flow" regime Lakes piace,. nold-up  wvalues
far the differsnt distributers ars similar. In the run conducted using the
SME distribucer, =The *ransition from the "{oacy" repims to the "slug flow"
regims was not coaplete, snd thos higher heold-up wae ebteined at 9,17 w/s.
There 5 8 lack of Cats i 1iterature telating the effect =f Jdistributcr
type te held-up in the "slug flow® oT "churn-tuzhulant" flow ” regime,.with

moleen  wAx A the liguid medium, Howewer, hased on data fov non - franing

svastems (mostly air-wsber:, Shsh et al. (L5323 fnuxdé that In the "slug

-

|-

fiow" vepins, the effect of spergsr type Iz Insigrificent. Heljrem and
ven't Riet [1964) postulats that whenm coalesecenre persiscs Je.g. = FT-300
wax 1in the a-sernce of foam), larger bubbles are formed withir s shopt
distance of the distribuior end the ideptity of the bubbles formed at  the
cistrituter is lssze.  thuas hold-up walues far different dlztributerz weuld
e gimilar.

Fipure .F-EI ghowa results obtalnsc in éhe 2.229. m ID column with the

four disiriincors, usice FT-200 wax at 205°C, The swperimenzs, copductsd in

increasing ovdsr of gzsz velocisies, show the prasence of Izam at lower
welccoities folleowed By 2 cransitiom from ths "foamy" vegime to the "enuorn.
farkbuient” veglwa. The trends xTe sinm)lss wizh ihe 29 % 0 o oa-al e 72 X

1.85 mm perforated plate distributors, with foam hrzakice in the weles=licy




(1-p uny -0 '§-1 uny - A:z-z uny - V'g-z uny - Q) dn-pjoy sed uo adAy J0Inquiisip jo 197 JZ-A 2Bl

~(s/w) ALIDOTIA SVD VIDIHHIINS

Y 210 01’0 80°0 800 - $0°0 200 00°0
Y 1 Y T T T I ' | 4 1
0 ddwworxg (]
81 Adid 'd WW gL X 08 A 4
0z dd WW QL X @8l v
0'Z ddwwggrxer O o
(W) IHBIIH OLLVLS HOLNGIWLEIA ~% af T
Y O..r
Vo %9
o v
\M\(\ 0—0
[~ \\\M \\\..\r.\ ) -
m|I|I|||||.l|l“|-\lﬁv ’D A
- So .
\
o0
ALIDOT3A SV DNISYIHONI 0, 992 :FHNLVHIANIL
W §22°0 :al NWN10D XVM 00€-14 :aindnn
e L 3 | "N } g | | | n | 1

00

0°0L

0°02

00t

ooy

(%) dN-ATOH SYD IDOVHIAY

89



rarge 0.02-0.03 m7e f57 Seth runs. The wider range of gas velocities over
which fosmwing occurrad, with the perforzzed pipe diztriburer (1.5 ma holes)
is not ar expacted. Howaver, only oue Tun Wes conducted with this distri-
butor ard the results may mot pe typical of the actual pehavior for this
svpe of dictributer. The 5 ¥ 1 mm distributo> gave the highest held-up in
the presence of foam. This i3 as sxpected since jot valocitles associated
with =his diestrimuicr were significartly higher than those for the other
Llereds ﬁis:ributﬁ:s investipated. Witk this dist;ihutor, toan broke in the
valecity Tange 0.0%3-0.34 /s, which is higher than the foam breasup rangs
with tne porforated plate disvributors. Tr the "churr-torbulent”  regipe,
nalé-up walues for the different distributers are werv similar. The
giightly highsr walues wirn the 1% % 1.85 rm distributer {eround 2.5%

sheniule’ are wos e&s ex¥psacted, however, tae differsnce ig aet signiflcant.

1]

igure V-2& shows heid-up valves obtained with FT-I00 wax in the b 05]
m 1D columm using the 40 pm SME. L1 mm orifice ard the 1.85 um orifice plete

digrributors at 265°C. These results are cqualitarively similar to these fer

FT-300 waw uvndar similer concitieonms with bigher hold-ups rocduced  when
|3 P

emall Tneie sies distributoars were used, leld-ups ware Tilghest with the 40

gm S¥P diztributecr. whersas held-uss with che 2.35 mm erifice plate dizcri-
Butnzs ware significantly lower, Most of the dara »resentec in Figure V.28
were obtaired in the preserece of foam sod a rremsitinon frowm  the “foamy”
repime o the “siug ilev® regime wes nob as  pronounced with FT-200  wax
c:ﬁpared o TT-300 wax. The resulis Zav the SMT distributer do show &
fozrease in ges held ue when wvelozity wasz Increassc frem B, 09 ofs Lo .12
afs. This comld =e atcribured to the imitlavien of tha IZoam brezhags oro-

cege. The Tremds are similar to the [irdizps by resescchers at Hobll (¥Fas
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Figure V-28. Effect of distubutor type on gas hold-up (O - Run 20-1;J - Run 17-1;
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=t &l., 18533%. Tneir exterimsats wiih FT-Z00 wax ot 200°0, using thres
di<ferert wMP disrributsrs {15, &0 and 100 um) ard three differant erifice
;laée cligcriovrers (6,25, 0.3% ard 057 mm) in oa 9.93%2 m ID colunn, zhowed
thaz beld-up valuss were hipghast with she L5 ax S¥7P discributoer ant  lowsst
with —he 0,57 mm avi{ice plate discribuzor. liowever, Chese Lovestrigstions
ware czryied out for auperficisl gag welotlvles less than G 04 mfe, there-
furs, the traasition from *he "Igamy” to the "slug Tlow® Zlow regime  was
qot obzerved. The maximar held-up obrtaiped in the Mubl] studies wee eround
TR, wher fozm Zillec the entirze column {with the 15 acd &0 um 5P distri-
huncraﬁ, ig wvelue cempsares well wizh thar obzained with the 54MF distribu-
tor in the pressnt study,

Exzeriments  counducted with Tezetor wades showed no significecet cfiest
a7 distributor typo Hewover, nold-upns thaineﬂ ueing thc-EMP distributeor
WET |r=.z-|:5:'|_'r|;—r"_]_}' 111_;?1&'4: rhAan tnose ohlHined uﬁ'fr'g the 1,87 mun arifica niEle
gistributor in che 0.951 mw LP column {sse Ssciiem W-BE.V.1.

Frperimerts with FT-300 and FT-200 wanes condacted fn abedy the aFfact
-of  distributor typs icdicats that the effect is mest significant in the
presence of Zoam. "Smaller ovifice d@ane:ers enc SMP digzrtrilbotars prodice
higher weoid-ups compared to larper orifice distributers. However, in the
aueence of fozz. even though there iz a sicilar trend, i1ts magnitudes is
rather =srxall. The effect of Sistributer typs is less pronounced v the

Larger (0U.2%23 o LD cc_umn Zkasn in the 0.021 w LU col-ame.
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3 6. E

Zect af OwyEsuats s

The hyvdrodynemic zehevicr cf reoactor waxes 1s siprificantly different

=

rom that o raraffin wemes {e.g. PT-200 =sng FT-300). The reacter waxes, n
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sAdition mo long cheln parsfiins,  alss cantain high Telecalar wzight ole-
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