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(Reporting Period: April 1 tcto June 30, 1997)

ighlights

1. The differential pressure sisignals during bed collapse processes have been converted to
the variation of gas holdupp with time. From the variation of gas holdup with time,
bubbles are divided into fifive groups based on bubble size. The bubble rise velocity and
initial gas holdup in each g group are obtained.

2. A reliable correlation for bbubble rise velocity is essential to the dynamic gas
disengagement technique.:. A correlation has been developed to calculate the rise
velocity of single bubbles s in the high-pressure and high-temperature shury bubble
column. Predictions of thhe correlation are satisfactory. -

Dynamic Gas Disengagemernt (Bed Collapse} Technique

Dynamic Gas Disengagementit (DGD) or bed collapse technique offers a simple way to
estimate the bubble size distritibution in our high-pressure and high-temperature slurry
bubble column. The experimaental setup for the bed collapse technique and a typical
response were described in thhe January-March 1997 quarterly report.

The differential pressure signaal during a complete DGD process is divided into six stages,
as described in the January-MMarch 1997 report. (1) Immediately following the gas shutoff
is a sudden jump in the differerential pressure signal, which corresponds to the simultanecus
escape of large and small bubbbles. (2) In the second stage, the increase in the signal value
is much more gradual, since oonly small bubbles escape from the bed. (3) The differential
pressure remains at a relativelely constant value for about 150 seconds because the particles
are still fully suspended by théie liquid motion induced by bubbles. The first three stages
can be analyzed to evaluate ththe bubble size and bubble size distribution. In the last
quarter, experiments were conpnducted to obtain differential pressure signals during bed
collapse processes at zero liqquid velocity and various gas velocities ranging from 5.2 to

32.4 cm/s. Figure 1 shows thhe differential pressure signals of the first three stages un.der
five gas velocity conditions.

To evaluate the bubble size arand bubble size distribution, the differential pressure signal
should be converted into the t variation of gas holdup with time. It can be seen from
Figure 1 that the differential  pressure signals in stage 3 have the same value of about

2950 Pa/m over the entire gasas velocity range, which implies that the catalyst particles are
uniformly distributed in the slshurry bubble column under the conditions of this work. Based
on this observation, it can be ¢ assumed that the particles are uniformly distributed in the




column, and therefore the ratitio of liquid holdup to solids holdup is a constant, K, during
the first three stages. K can bbe calculated from the signal at stage 3, i.e., the gas-free
liquid-solid suspension. The ¢ differential pressure drop at this stage can be related to the
gas-free liquid and solids holddups by the following equation:
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Solving Eq. (1) gives the solidids boldup in the gas-free liquid-solid suspension:
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With K known, the differentiaial pressure signal can be related to the variation of gas holdup -
with time during the dynamic ¢ gas disengagement process (stages 1 and 2), based on the
following equation:
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- Solving Eq.(4) yields the gas s holdup, eg:
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Figure 2 shows the variationsis in gas holdup with time through the first three stages at
various gas velocities. :

The escape of bubbles from tlthe slurry bubble column leads to the gas holdup variation
during a bed collapse processis. At any moment, bubbles of different sizes emerge
simultaneously from the bed d surface. Smaller bubbles have lower rise velocities and thus,

stay in the bed for a longer pperiod. During the bed collapse process, the slope of an £g vs.




t curve keeps decreasing becawuse the bubble size inside the bed becomes smaller, as does
the volumetric flow rate of butibbles escaping from the bed surface.

Assume that the bubbles are didivided into N size groups, i.e., dB,1, ...... , dB.N-1, dB,N,
dB,N corresponding to the smmallest bubbles.- The €g vs. ¢ signal can be approximated with

- Nlinear segments, designated 1 as ({0, €£g,0), (t, eg)s oo , (IN, €g N), shown in Figure 3.

The change in slope implies ththe depletion of a group of bubbles. The decrease in gas
holdup between tj-1 and tj is ddue to the escape of the bubbles smaller than dB, ;.
Therefore, the rise velocity (UUp, i) and holdup of bubbles of size dB, i (g0, 1) can be
determined by the following ecequations (Daly et al., 1992):
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where His the distance betwereen the gas distributor and the top pressure port and Sj is the
slope of the ith segment of cunirve. Note that calculations by Eq. (6) start from the smallest
bubbles and end with the largerest bubbles. Table 1 shows the results. With the initial gas
holdup of each bubble group a and the size of the bubbles, the number of bubbles in each
group can be expressed as ' '
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A reliable and accurate correlalation for the bubble rise velocity is the key to evaluating
bubble size using the dynamic.c gas disengagement technique. The bubble rise velocity in a
slurry bubble column is differcrent from that of single bubbles, due to the interaction
between bubbles and betweenn bubbles and their surrounding medium. Correlations for
bubble swarm rise velocity haxave been proposed in the literature (Peebles and Garber,

1953; Marrucci, 1965; Clift etzt al., 1978; Abou-el-Hassan, 1983). Most of the correlations
were established on the basis ¢ of single-bubble rise velocity. Unfortunately, no reliable
correlation is yet available to p predict the rise velocity of single bubbles under high-pressure
conditions. In this quarter, ex:xperiments were conducted to develop a correlation for
single-bubble rise velocity thaat could be applicable under high-pressure and high-

temperature conditions. The £ following correlation (Fan and Tsuchiya, 1990) has been
extended to such conditions:
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where

Uy=Ulypa/op?,  d=dlp,g/o)" O

and Mo= ghpx’ [(p:s®) witith Ap=p,~p,. pmand pnare the effective density and

viscosity of the liquid-solid memedium, respectwely Three empirical constants in Eq. (8), n,
cand X, reflect the separate £ factors governing the rate of bubble rise. In the practlcal use
of Eq. (8), n ranges from 0.8 ( (for contaminated liquids) to 1.6 (for purified liquids); c=
1.2 and 1.4 for monocomponeient and multicomponent liquids, respectively; and

Kp = max ( Kpo Mo—0933 | 12) (10)

where K0 = 14.7 and 10.2 fofor aqueous solutions and organic solvents/mixtures,
respectively. The effective visiscosity of liquid-solid suspensions is calculated by the
following equation: '
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with two parameters correlateted by
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where U, is the particle termminal velocity in liquid (m/s), €5 is the solids holdup at the
incipient fluidization/packed s state, and ¢ is the shape factor of the particles. Figure 4
compares the experimental dalata with the predictions of Eqgs. (8)-(12). The particles i in the
experiments were 210-%m glalass beads. It can be seen that the correlation proposed here

can be used under the experinimental conditions of this work. Equations {8)-(12) can then
be used to convert the bubble e rise velocity to bubble size for each group of bubbles.
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Notations
P Pressure
y4 Distance from the diststributor
g Gravitational constantit
X Constant defined in Ecq. (3)
H Bed height
t Time :
0 Time of gas shut-off
Up  Bubble rise velocity
db Bubble size
A Cross-sectional area oiof the column
Ut Particle terminal velocicity
Mo  Morton number of liquuids
de Volume equivalent diaiameter of bubbles
Greek
p Density
3 Holdup
oM Viscosity
¢ Shape factor of particlcles
Subscripts
g Gas phase
1 Liquid phase
s Solid phase
m Liquid-solid medium 1
Superscript
0 Gas-free liquid-solid s suspension




Tahle 1. Bubble Rise Velelocities and ¥oldups of Various Bubbles Groups (Ug = 324 dmls)
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Figure 4. Comparison beretween the predictions and the experimental data, under high pressure
conditions (Sololids holdups for +, open, and filled symbols are 0, 0.381 and 0.555,
respectively; lirines: predictions).






