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SUMMARY
Circulation in bubble columns detracts from their performance in that

gas is carried on average more rapidly through the column, and the residence

time distribution of the gas in the column is widened. Both of these factors

influence mass-transfer operations in bubble columns, A{though circulation
has been modeled with moderate accuracy, there is still a dearth of good data.
and reliable models for bubble columns. To remedy this omission, circulation
predictidn and measurement has been undertaken using probes, one4dfmensiona1
models, laser Dopb1er velocimetry, and numerical modeling.

Firstly, local void fraction was measured using resistance probes and a
newly developed appreoach to determining air/water threshold voitage for the
probe. A tall column of eight inch diameter was consﬁructed of Plexiglas and
the distributor plate was manufactured to distribute air evenly through the
base of the column. Data were gathered throughout the volume at three
different gas throughputs. Void distributions were quite flat near thé
distributor, becoming more pérabo?ic highér in the column. Orthogonal
traverses of the column with the probes verified that the circulation was
symmetric. Bubble velocities proved difficult to measure using twin probes
with cross-correlation because of radial bubble movement. However, data have
been obtained for several central positions in the c¢olumn at different
flowrates of air. Measured bubble velocities agreed acceptabiy with
predictions of a one-dimensional mode., and this model has also been eitended
to include a drift-flux approach.

Secondly, a series of three-dimensionéT mean and RMS bubble and liguid
velocity measurements have been obtained for a turbulent flow in a labeoratory

model of a bubble column, These measurements have been made using a
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three-component “lazer [Doppter valccimsteor (LC¥3, to determine #Elo:itr'.

distributions nan-fntrusively, A4 hexagona® bubble column cross-section was
salacted to allow relatively easy optica) .peretratian by the LIV 4intc the
¢clumn. Bubble cotumn turbulent liouid circulation for thésé gxperiments was
dua to Injaction of air iatd water from & single vertizally criented Jet on
the cotumn certerline,

Heésured gistributions of mean vertical and racial liquid and bubzle
velocities indicated .a toroidal recirculating ligquid mean flow which was
ariven by the gir jet. Mean veloccity was upwards near the column centerline,
radfally ocutwards near the free surface, downwards near the column wail, and
inwards in the bottom of the ¢aumn.  Laser iight sheet flow visvalization
was gualitatively c¢onsistent with the qqantitétive Lb¥  data. Maan
clrcumferential (swirl)} velocity wes gssentially zero., Heasursd RMS velaoity
Tluctuations were the same arder of magnitude as measured mean ve ccities for
both phaﬁes; Thug, turbutenze intemsities were on the ordar of 100%
throughout the column. The turbulence field was non-isstropic, in that thé
radial RM3 velocity was consistently larger than eitrer the vertical or
 circunferential RMS velocity. This non-intrusive set of thrae—component mean
and &urbu1ent liguid and bubble velacity data 1n a laboratary bubble column
i3 unidue and previousiy unavailebie ir the Titerature.

Thirdly, the gas-liquid flow insida a vertically situated circular,
isothermal zolumn reactor has bzan simulazed numericzlly. The gas-T:quid
FTuﬁ 15 assumed tn.be in the tubbly flow regime which 18 charactarized by a
guspension of discrete air bubbles in 2 <ontinucus 11uuiﬂ phaze such as a
glycerol-water mixture. The mathematical formelation is based en the

conservation of mass and momanbum principle for the T1gquid pnase. The gas
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velocity distribution is gaTcu1ated via an empirically _prescribéd slip
velocity as a function of void fraction. The interface viscous drag forces
are prescribed'empirica11y. A profile shape is assumed for the void ratio
distribution and the magnitude of it is calculated as part of the soluticn,
The influence of various profile shapes is investigated, Results with the
void ratio distribution calculated from the conservation of mass equation for
the gas phase are also presented. The .mathématical model  has been
implemented by modifying a readily available computer code for sing1é phase
Newtonian fluid flows. The numerical discretization is based on a finité
volume approach.

The numerical predictions show a reasonably good agreement with
measurements. The circulation pattern seems not to be so sensitive to the

actual shape of the void fraction profiles, but the inlet distribution of it

is important.
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SECTION 1
INTRODLECTION

In a Fischer-Tropszh synthesis hydrogen and carbon momoxide are combined
in the prezence of a catalyst fo produce hvdrocarbons. The input gases can pa
genaratad using fluid bed gasifiers. Synthesis can be carried cut in a Eubbla
column where the gases ars passed through a slurry of catalyst and high
molecular weight oils produced by the synthesis {tself (Stern et al,, 1985),
The bubble column reactor offers sevaral advantages over conventional fixed
bed raactors: lower hydrogen to monoxide ratios can be toleratad and
hot-spots are controilad in the bed so that catalyst deactivation is reducad.
Although gas may bae introduced evenly throush a distributor plate inte the
siurry, circutation patterns can develop in bubble column systems. The most
comman of these patterns involves a high concentraticn of gas bsbtles 1n the
column center and less near the wall. In consequence a gas-slurry mixture
rises up the column caster and Slurry flows back down naar the column wa'l'l..
The circuletion is known as "gulfstreaming” {Freedman and Davidson, 1969). At
tha bottom and top of tha column there are =treng radial velocity components
to complete the circulation pattern, '

Gulfstreaming reduces the afficiency of many wunit operations oy
"I5hnrtcirv:u1t1ng“ the atr bubbles, thus reducing thelr residence time and
heldup in the vessel. To maintain an accepiable residenca iime of bubblez in
the system, bubble calumns must often be designed far taller than if thare
ware no guifstreaming. On the other hand, the presence of large circulatfon
patterns leads to the formation of turbulant eddies in the column, prm-uﬂng
mixing and mass aﬁd beat trangfer. Residence time distribution is alse
altered by tha pressnce of circulation, am  importamt consideration ip
predicting convercions (Chang and Smith, 1983). Therefore the degres of

circulation in the <olumn must be predicted if accurate coluwn designs zre



naedad. More complex circulatign patterns can 2lsc be obse~ved, with cells
side-by-side (in larga diameters - see Qterc et a1, 1985) or zbove are anathar
{reportad 1_n ﬂu:id':zed bzds oy Lin gt al,, 138%]. A single call reverse
pattern, with slurry rising aﬁ the walls and flowing back at the cénter isg
alss possible. State-pF-the-art madeals for ctrcutetion are sti1Y rot
sufficient for zcourate tolumn design. This ressarch has attacked the problem
of circulation prediction and measurement through experimental work using
probes, one dimensional mude'l*inﬁ, laser doppler velecimetry measurements, ang

numarical modeling. These three aroas are addressed 1n the following

sactions,

lan



