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Abstract—Pressure fluctuations in a fluidized bed (0.38 m-1.D.x4.4 m-high) of 1.23-mm polymer particles (LLDPE)
were measured with different distributors. Slug characteristics (slug frequency and slug rising velocity) were determined
by analyzing pressure fluctuations in the bed. The effects of gas velocity (0.6-1.2m/s) and distributor geometry (opening
area ratio, number of orifices and distributor types) on the slug characteristics were determined. The slug frequency
decreases slightly with increasing gas velocity. However, slug rising velocity increases linearly with increasing excess

fluidization velocity regardless of the distributors used.
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INTRODUCTION

Fluidized beds have been used widely m mdustrial processes m-
volving combustors and FCC regenerators, to name but a few. A
fluidized bed reactor can be utilized for the gas-phase polymeriza-
tion of ordinary polymer resm such as lmear-low-density-polyeth-
ylene (LLDPE) since no separation 1s needed between products and
catalysts. Tn fluidized beds for polymer production, agglomeration
of particles occurs due to static electricity that comes from friction
of particles to particles and particles to wall, hence sintering and
softening of particles ocour [Boland end Geldart, 1971; Kun and
Han, 1999]. The fhudizing behavior is shifted to charmelmg and m-
creases in pressure drop in the beds [Davidson and Harrison, 1977,
Geldart, 1986]. Therefore, uniformity of flndization may affect par-
ticle mixing and distribution of bubbles or slugs mn the beds. This
nor-uniformity may cause a dead zone and hotspots and consequent
unstable operation of the polymenzation process.

Tn producing polymer materials in a fluidized bed reactor, bub-
ble size usually mcreases rapidly to become slugs with mcreasing
gas velocity. Therefore, it 18 very important to have knowledge of
the shugging characteristics in a fluidized bed for a polymerization
process. With different gas distnibutors, information on both slug
frequency and shug rising velocity can provide the optimum oper-
ating conditions for polymenzation reaction in a flndized bed reac-
tor [Turton and Clark, 1989]. Many studies have been reported on
the slug characteristics by measuring the pressure fluctuations [ Satija
and Fan, 1985; Noordergraaf et al., 1987; Lee and Kim, 1988; Bae-
yens and Geldart, 1974; Broadhurst and Becker, 1975] and video
movies [Luca et al., 1992] in the beds. However, the majority of
studies on slugging characteristics have been conducted n beds of
relatively fine particles [Fan et al., 1983; Dimattia et al., 1997].

In the present study, the effects of gas velocity (0.6-1.2 m/s) and
distributor geometry (opemung area ratio, munber of orifices and
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distributor types) on the slug characteristics have been determmed.
EXPERIMENAL

1. Experimental Apparatus
Experiments were carried out m a fhudized bed (0.38 m-IDx 4.3
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Fig. 1. Schematic diagram of experimental apparatus.

1. Blower 7. Pressure transducer
2. Pressure gauge 8. A/D converter

3. Air chamber 9.PC

4. Distributor 10. Oscilloscope

5. Bed 11. Cyclone

6. Pressure tap 12. Air flow meter
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Table 1. Distributor properties of this experiment

Distributor . Hole size Nurmber Oper?mg area
number [mm] ratio [%]
1 Perforated 6.35 290 8
2 Perforated 3 207 13
3 Perforated 5 76 13
4 Bubblecap 4 30 (x4) 13
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Fig. 2. Effect of excess fluidization velocity on pressure drop across
the distributors.

m-high) made of a transparent Plexiglas column as shown sche-
matically m Fig. 1. Awr flow rates were measured by a flow meter
(Tri-Sense Model No. 37000-00, Cole-Parmer Co.) m the range of
0-1.5m/s. Four different types of gas distributors were employed.
In cases of perforated distributors, 400-mesh screen was covered
on the surface of a distributor to prevent particle weeping from the
bed to the plenum chamber. Detals of four different distributors
used m thus study are shown m Table 1 and Fig. 2. The particle used
in this study was 1.23 mm LLDPE particle with density of 919 kg/
m’. Pressure taps were mounted flush with the wall of the column
at 0.1-m height intervals from 0.55 m above the distributor, and the
taps were connected to differential pressure trensducers. The open-
mg of pressure taps was covered with a screen (400-mesh) to pre-
vent particle leaking from the bed The other side of the pressure
taps was comnected to one of the mput chammels of the differential
pressure transducer (Validyne P306D) i the range of 0-350 mm-
H,O from which en output voltage that wes proportionel to pres-
sure difference between the two charmels was obtamed. Transducer
signals were monitored by an oscillescope, and processed by a per-
sonal computer at a sampling frequency of 100 Hz for 60 s.
2. Slug Measurements

Typical pressure fluctuation signals are shown in Fig. 3 in which
the signals can be divided into emulsion and slug phases by a re-
ference value. Tn the smoothed signals, there were time delays be-
tween the signals from the upper and lower pressure taps. The slug
nsing velocity and its mean value were calculated by the followmg
equations, respectively.

May, 2001

2
a2
a
X,
E 1r
[Ty ]
[{e]
S
uw
w
=
o
F or
g
|

—— Particle : LLDPE (1.23mm)
2 Ug - Umf: 0.92 m/s
| Distributor #3

T+
o
X |
E o1-
wy
@<
(==}
ot t
I~
=
a 0r
’_
=
=
T

_1 L L L 1 et L.

0 200 400 600 800 1000 1200
Time, [10? ps]

Fig. 3. Typical response signals in the lower and upper of pressure
transducer.

U, _ distance betvrliieen two taps a

;
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The slug frequency was calculated by

_ _n(number of slugs)
T(total sampling time)

(3)
RESULTS AND DISCUSSION

The effect of excess fluidization velocity (U~U, ) on the aver-
age slug frequency using the perforated plate (hole size=5mm) i
shown in Fig. 4. The average shig frequency decreases slightly with
mereasing excess fluidization velocity as reported by previous stud-
1es [Shichum et al., 1985; Satyja and Fary, 1985)]. However, Baeyens
and Gedart [1974] and Brodhnrst et al. [1983] reported that the ex-
cess fluidization velocity does not affect slug frequency. The calcu-
lated shug frequencies from the correlation equations proposed by
previous studies carmot predict the data of the present study due to
the difference of powder properties employed such as the Geldart
A and B particles [Baeyans and Geldart, 1974; Brodlwurst et al., 1983,
Shichun et al,, 1985] Since Satija and Fan [1985)] used Geldart D
particles, their slug characteristics are different from the present
LLDPE particles.

The effect of excess fhndization velocity on the average slug nsmg
velocity is shown in Fig. 5 with the calculated values. As can be
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Fig. 4. Effect of excess fluidization velocity on average slug fre-
quency.

seery, the average slug rismg velocity mereases with mereasing the
excess fhudization velocity. Most of the reported studies related the
average slug rising velocity to the excess fluidization velocity as
shown:

U, =k(U, 7Umj') kgD, (4)

where constants, k, and k, varied with particle properties.

As can be seen in Fig, 5, the calculated values from Eq. (4) over-
estimate the experimental values.

The effect of distributor type (Table 1) such as the perforated plate
and the bubble cap types on the slug charactenstics 1s shown n Fig.
6. As can be seery, the average slug frequencies decrease with in-
creasing the excess fluidization velocity with distributors #3 and 4
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Fig. 5. Effect of excess fluidization velocity on average slug rising
velocity.
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Fig. 6. Effect of excess fluidization velocity on average slug fre-
quency in various distributors.

(Table 1). However, the average slug frequency 1s sumilar to that of
distributor #2. At lower excess fluidization velocities with the same
opening area ratio, the distributor #2 produces less slug frequency
than that of the other distributors since distributor #2 has many hole
mumbers and close pitch. Wen and King [1980] reported that bub-
bles formed and then immediately coalesced because of very close
orifice pitch. They proposed the mmimum pitch length as follows:

'
T e
] )

< 4| o —mf
L,<0.01d, [3010N0,

The minimum pitch length calculated by the above equation is 26
mm but that of distributor #2 18 24 mm. Therefore, slug cen be formed
easily at lower gas velocities due to bubble coalescence. The aver-
age slug frequency of distributor #4 is higher than that of the per-
forated plate distributors (#2 and #3) at the excess gas velocity of
0.3 m/s since slug formation with the bubble cap distributor occurs
less than that with the perforated plate distributor. Slug coalescence
ocours frequently, and consequent decrease 1 slug frequency with
increasing gas velocity due to the negligible jetting effect and large
bubble size mcreases with mcreasmg gas velocity mn the distributor
# [Kmn et al., 1997].

The effect of excess fluidization velocity on the average slug ris-
mg velocity 18 shown n Fig. 7 where the average slug nising veloc-
ity increases with increasing gas velocity. However, the average slug
rising velocities are sinilar with the four distributors since the dis-
trbutor type does not affect slug nsing velocity in the bed of LLDPE
particles since LI.DPE particles produce square-nose type slug in
which particles ramn continuously through voids m the slug. There-
fore, the square-nose type slug 1s strongly affected by wall effect.
Noordergraaf et al. [1987] reported that the slug nsing velocity s
lower than superficial gas velocity m the squere-nose type slug as
observed in the present study. These square-nose type slugs grow
up above 0.6 m from the distuibutor. The obtamed slug rismg veloc-
1ty 1s correlated as

U, =0.6(U,-U,» +0.1842D, {(6)
Korean J. Chem. Eng.(Vol. 18, No. 3)
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Fig. 7. Effect of excess fluidization velocity on average slug ris-
ing velocity in various distributors.

with a corelation coefficient of 0.94, and the average absolute de-
viation (AAD) of slug nsing velocity of 0.3%.

The number of orifices and orifice size in the distributor affect
bubble coalescence and slug formations. For air-water systems, Ya-
mashita and Inoue [1975] miroduced a distributor parameter as fol-
lows:

L, N, L
) .

7\ ADL/ d,Di
Atagiven U, €, tends to increase with increasmg L,/d,. a factor

relating to the interaction between neighboring bubbles at injec-
tion, or with decreasmg D2/N,,, a factor controlling the gas flow
rate through each holes [Yamashita and Inoue, 1975; Sakata and
Miyauchy, 1980]. Tsuchiya end Nakarish [1992] reported that this
lumped perameter could be used for representing the combined ef-
fects of the two factors relating to the distributor performance.
Vanation of the average slug nising velocity with 1, at different
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Fig. 8. Effect of 1, on average slug frequency.
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Fig. 9. Effect of 1, on average slug rising velocity.

excess fludization velocities 15 shown m Fig. 8 As can be seen,
the average slug frequency decreases with mcereasmng 1, with per-
forated plates. The rate of bubble coalescence increases with increas-
mg N, due to the merease of mumber of bubbles generated from the
distributor and consequent merease m slug size with increasmg 1.
However, slug frequency decreases with increasing 1.

The effect of 1|, on the average slug nising velocity at different
excess fluidization velocities 18 shown in Fig. 9. As can be seen,
the average slug rising velocity 1s similar to the variation of 1, for
all four distributors due to the wall effect.

CONCLUSION

The effects of excess fluidization velocity end distnbutor geom-
etry (operng area ratio, mumber of orifices and distributor types)
on slug characteristics have been determined in a fluidized bed of
LLDPE powders. Slug frequency decreases with increasing ges ve-
locity with distnbutors # 3 and #1. However, the average slug fre-
quency is similar with increasing gas velocity with distributor #2.
Slug rising velocity increases with mcareasmg gas velocity with the
four distributors. Slug rising velocity has been correlated as

U, =0.6(U, -U,) +0.184/gD,

The effect of distributor geometry on slug frequency 1s pronounced
but shug rising velocity is similar with the four different distributors
due to the wall effect.
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NOMENCLATURE

D. :column diameter [m]
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&

. dhameter of orifice [mm]

: particle size [mm]

: point slug frequency [s7']

: constant [-]

: pitch length [mm ]

: number of orifices [-]

: number of slugs [-]

: total sampling time [s]

: phase shift between two corresponding slug signals [s]
- superficial gas velocity [m/s]

: mimmum fluidization velocity [m/s]

: mean slug rising velocity [m/s]

: mstantamous slug nising velocity [m/s]

Gl
7

b

&

o

“

qoogases
<,

k<]

Greek Letters
£ : gas holdup [-]

g

M, : distributor parameter defined by Eq. (7) [1/m’]
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