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Abgtract—The effect of an air distributor on the fluidization characterigtics of 1 mm glass beads has been determined
in a conica gas fluidized bed (0.1 m - inlet diameter and 0.6 m in height) with an apex angle of 20°. To determine the
effect of distributor geometry, five different perforated distributors were employed (the opening fraction of 0.009-0.037,
different hole size, and number). The differential bed pressure drop increases with increasing gas velocity, and it goes
from zero to a maximum value with increasing or decreasing gas velocity. From the differential bed pressure drop pro-
files with the distributors having different opening fractions, demarcation velocities of the minimum and maximum
velocities of the partial fluidization, full fluidization, partial defluidization and the full defluidization are determined.
Also, bubble frequencies in the conical gas fluidized beds were measured by an optica probe. In the conical bed, the
gas velocity at which the maximum bed pressure drop atained increases with increasing the opening fraction of dis-

tributors.
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INTRODUCTION

Conica beds can be operated successfully at fixed bed sates of
agas-solid or liquid-solid system, but conventiond fluidized beds
often perform badly owing to solids properties. Conicd fluidized
beds provide low segregation of mixtures of solids with different
paticle 9ze [Tanfara et d., 2002], such as wood chips [Olazar &
a., 1995, San Jose et d., 1995; Inami et d., 2000]. This type of
reactor can be usad in catdytic polymerization of high density poly-
ethylene (HDPE) or linear low density polyethylene (L-LDPE) where
the catdyst is progressvely crashed and coated with sticky poly-
mers [Bilbao et d., 1987]. Conicd fluidized beds have dso been
widdly usad in industrid processes such as gasification of bitumi-
nous cod, roaging sulfide ores, coating nuclear fud partides, and
granulation of pharmaceuticd materids [Boldt, 1967; Tanfara &
d., 2002; Tauji et d., 1989; Uemaki and Tauji e d., 1986]. The st-
tling cone in the ore dressng process is another example of a con-
icd liguid/solid fluidized bed [Kwalk, 1992].

Kwauk [1992] hes reported that a decreasing fluid velocity gra-
dient in the direction of fluid flow in a conica vess has the fol-
lowing advantages: (1) For polydisperse solids, ahigher velocity a
the lower section of a cone provides adequate fluidization of the
coarser particles, while alower velocity a the top section prevents
excessive cary-over of thefines (2) The highly agitated coarse par-
tidesin the lower zone serve asanorma gas didtributor to disperse
the fluidizing medium to the upper zone of the finer solidsin the
conical bed. (3) For highly exothermic reections, the preferentia
accumulaion of coarse particles near the bottom of the cone with
lower specific surface area amdiorates rapid heat rlease, and the
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high degree of turbulence due to the higher fluid velocity near the
apex of the cone helps heat disspation. Severd researchers have
gudied the relationship between the pressure drop and gas vel ocity
in conicd fluidized beds [Nishi, 1979; Kmiec, 1983; Shi and Fan,
1984; Chen et d., 1997]. Toyohara and Kawamura [1989] have re-
ported fluidization characteristics such as the pressure drop and
particle movement behavior & various apex angles and opereting
conditions. They have determined the flow regimes from fixed beds
to core type partid fluidized beds, core type fluidized beds, and fully
fluidized beds have been defined while decreasing gas velocity by
visud observation in atwo-dimensiond column with tapering angles
of 3.75, 7.5, 15, 30, and 40°. Peng and Fan [1997] a0 experimen-
tdly determined the maximum presaure drop, the minimum veloc-
ities of partid fluidization and full fluidization, and maximum ve-
locities of partid defluidization and full defluidization in two-di-
mendond liquid-solid tapered beds with tapered angles of 5, 10,
15 and 20°. However, conventiond fluidized bedsin indudtrid pro-
cess are faricated in non-visble three-dimensond sed columns
Therefore, in the present sudy, the flow regimes from fixed beds
to fully fluidized beds were determined by both the optical probe
method and the difference of bed pressure drop (AP) between the
increesing and decreasing gas velodity in the beds The effect of
the digributor geometry (opening area fraction and orientation of
orifice holes) on the trandtion velocities among the flow regimes
has been determined.

EXPERIMENTAL

BExpearimentswere carried out in aconicd gasfluidized bed (0.1 m-
i.d.x0.6 m-high) made of a trangparent acryl column with an apex
angle of 20° as shown schemadticdly in Hg. 1. All experimentd runs
were peformed a room temperature and amospheric pressure. Air



316 S-Y.Sonetd.

@O
® X
—

Fig. 1. Schematic diagram of the experimental appar atus.
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Fig. 2. Effect of gas velocity on pressure drop across the distribu-

5. Bypassvave tors
2. Bed materias 6. Blower
3. Digtributor 7. Blower speed controller
4. Flow meter ]
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flow rates were messured by a flow meter (FLT, Korea How Cdll
Co)) in the range of 0-1.4m/s. Five different types of perforated
plate gas digributors were employed. On the perforated plate, a 250-
mesh screen was covered on the surface of a digtributor to prevent
particle weeping from the bed to the plenum chamber.

Details of five different digtributors used in this study are shown
in Teble1 and Fig. 2. The particles used in this study were 1.0 mm
glass beads with adensity of 2,500 kg/n’. To measurre the bed pres-
suredrop, 11 pressure taps were mounted on thewall dong the cen-
terline of the bed. One presaure probe was connected to thetap im-
mediately above the didtributor; the other was located just above
the surface of the bed as shown in FHg. 3. The opening of the pres-
aure taps was covered with a screen (250-mesh) to prevent partidle
lesking from the bed. The pressure transducer was cdibrated by a
precison manometer. Transducer Signal's were monitored by a per-
sond computer & a sampling frequency of 1 Hz for 180 s An opti-
cd probe was usad to meesure bubble passing frequency in the bed.

A schematic diagram of the opticd probe measuring system is
shown in Fig. 3. The optical probes were indaled dong the cen-
terline of the conical column. All the experiments were performed
with decreasing gas velocity from the fully fluidized Sate, and then
increadng the gas velocity from the fixed bed gate. To perform an
experimenta run, arr flow rate through the column decreased or

Table 1. Digtributor propertiesin thisstudy

1007

T %ﬁ?a o

oom Ghe ,y”k 0zsm
LB 5 5
e 0.05m
o.o7enter side P
wall side ® } ,,,,, ,t @ |

|¢—0.1m~a|

Fig. 3. Schematic diagram of the measuring system.
1. Conicd maincolumn 5. Laser source
2.Bed maeids 6. Differentid pressure transducer
3. Optical probe 7. AID converter
4. Detector and amplifier 8. Ditributor

increased incrementally. When a stable state was reeched dfter eech
increment of gas flow, the pressure drop and the bubble passing sg-
nasin the bed were determined. The gas flow rate decressed down
to the fixed bed state and then increased to the fully fluidized state.

Hole dimension/Opening ratio, [%0]

Distributor no. - - Total opening ratio, [%)] Remarks
Center side Wall side
1 ¢ 2mmx23 ea 0.92 Uniform distribution
2 ¢ 3mmx10 ea/0.8 ¢ 1 mmx13 eal0.13 0.93
3 ¢ 4mmx10 ea/1.6 ¢ 1 mmx13ea/0.13 173
4 ¢ 5mmx10eal2.5 ¢ 1 mmx13ea/0.13 2.63
5 ¢ 6 mmx10 ea/3.6 ¢ 1 mmx13 ea/0.13 3.73
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Fig. 4. Variation of the bed pressure drop as a function of gasve-
locity.

RESULTS AND DISCUSSION

The effect of gas velocity on bed pressure drop with the distrib-
utor #5 in the bed by decreasing ges veodity from the fully fluid-
ized gtate and then increasing gas velocity from the fixed bed gate
isshown in FHg. 4. Generdly, hysteresisin the pressure drop profile
with variaion of gas veocity can be obsarved in gasfluidized beds
around the incipient fluidization condition [Davidson and Harrison,
1971; Kunii and Levenspid, 1991; Peng and Fan, 1995]. Specidly,
the bed pressure drop pesks while gas velocity isincressing, but it
does nat hgppen when the gas ve odity is decreesing around the min-
imum fluidizing Sate unless the dengity or Sze of thefluidizing solid
partidesis extremey low or smdl [Peng and Fan, 1995]. As can
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be seen, the bed presaure drop reaches a maximum vaue, then it
decreases abruptly, and afterward it remains congtant in the conical
bed. This hysteresis of pressure drop is severer than that in conven-
tiond three dimensiond ges fluidized beds. Peng and Fan [1995]
have do reported that hydereds of the pressure drop was more
pronounced in the liquid-solid bed in atgpered column.

Fig. 5 shows the bubble passage with time aong the bed height
a decreasing gas velocity from the fully fluidized ate (Fig. 59)
and that a increasing gas v ocity from the fixed bed gate (Fig. 5b)
with digtributor #5 in the conicd bed. When the gas velocity de-
creeses, the partides settle down to form a loosdy packed fixed
bed having voidage a minimum fluidizing condition, &, [Kunii
and Levenspid, 1991]. As can be seen in Fg. 5(@), for the entire
bed height a bubble was not detected a a gas velocity of 0.57 /s,
while bubble passage could be detected at a height of 0.05m and
U,=0.64 m/s; however, bubbles were hardly detected at aheight of
0.1 m. Therefore, we may dam that the fixed bed sate & U,=0.57
mV's, and the core type partialy fluidized bed sate & U,=0.64 m/s.
The fully fluidized bed Sate is reeched & U,=0.99 m/s, since bub-
bles can be detected dong the entire bed height. Toyoharaand Kawa:
mura [1993] have sudied the solids circulaion characteritics in
the dde regions of tapered two-dimensond fluidized beds. They
have measured bubble passages with variation of gas velocity by
visud observation. The data obtained in this sudy is quditatively
in agreement with that of the previous work [Toyohara and Kawar
mura, 1993].

The bubble passage sgnds dong the centerline of the conicd
column with the digtributors #1 and #2 are shown in Fig. 6. The
difference between digtributors #1 and #2 is the different arrange-
ment of the orifice holes with Smilar opening fraction (Teble 1).
All the experiments were performed by decreasing gas velocity from
the fully fluidized state. The bubble passages could be detected by
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Fig. 5. Optical probe sgnals and the schematic diagram of bubble passage.
(a) Decreasing gas velocity condition, (b) Increasing gas velocity condition
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Fig. 6. Comparison of the optical probe signals between the distributors# 1 and # 2.

(a) Didributor #1, (b) Digtributor #2

the optica probe dong the bed height by increasing the gas velocity
exceeding the core type partia fluidized condition. At the corre-
sponding superficid gas veocity (i.e, U,=0.85m/s), the bubble
passages of digtributor #2 could be detected at a bed height of 0.15
m, but bubbles could not be detected with the digributor #1 at the
same bed height. This may indicate thet ges flow through the dis-
tributor #2 shifts toward the center of the digtributor due to the pres-
ence of large holes a the center of the digtributor.

Varigtion of the axia bubble frequency with gasveodity isshown
in Fg. 7. As can be seen, the bubble frequency at H,,.=0.05m is
more frequent than thet a H,,,,=0.15 m due to bubble coalescence
a the partiad and full fluidized states. At higher gas velocities, bub-
ble size incresses with the excess gas velocity, U,—U,; [Kunii and
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Fig. 7. Variation of the axial bubble frequency with gas velocity
using the distributor #5.
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Levengpid, 1991] dong the bed height. Therefore, bubble frequency
decreases with increasing the bed height at the given gas velocity.
As can be seen, the bubble frequency is zero at the condition that
U, is lower than 0.54 m/s and an opticel probe height of 0.05m.
The flow regimes between the fixed beds and the core type fluid-
ized beds can be divided by the bubble frequency a the max- imum
velocity of full defluidization (U,). When U, is higher than 1.13
s, the bubble frequency remains a congant vaue (N;[4.0/s) with
increadng gas velocity. Therefore, the flow regime between the
core type fluidized beds and the full fluidized beds can be divided
by the bubble frequency data a the minimum veocity of full fluidi-
zation (U,4) asshown in thefigure

The effect of gas velocity on the difference of bed pressure drop
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Fig. 8. Variation of the difference of bed pressure drop with in-
creasing or decreasing gas velocity.
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(AP) between the increasing and decreasing gas velodity as afunc-
tion of opening fraction of the perforated digtributor is shown in FHg.
8. As can be seen, AP increases as gas velocity (U,) is increased
from zero to a maximum value and then decreases as the gas ve-
locity is further increased. The full defluidization occurs until the
AP gartsto increase, the minimum partia fluidization velodity (U,,y)
is defined at the maximum pressure drop point, and the minimum
velocity of the full fluidization condition is defined as that the AP
decreases to the zero point. It is dso found that the AP becomes
higher with the larger hole diameter at the inner side of the distribu-
tor because more gas can go through near the center portion of the
digributor & a given gas flow rate. Peng and Fan [1997] gpplied
the Ergun eqution to the conical fluidized beds and derived an ex-
pression for the maximum bed pressure drop. From their expres-
son for the conica beds, the gas velocity required to reaching the
maximum AP increases with increasing the opening fraction of the
digtributor because AP a0 increasses with gas vel ocity.

A relationship between AP and U, in the conical bed of 1.0mm
glass beeds having a atic bed height of 0.2 m with digtributor #5
isshown in Hg. 9. As gas veodity decreases from the fully fluidized
date to the fixed bed, four flow regimes can be observed, namdy
fixed bed (1), core-type partid fluidized bed (I1), core-type fluid-
ized bed (111), and fully fluidized bed (IV). With increasing ges ve-
locity, three flow regimes can be observed from the fixed bed (1),
core-type fluidized bed (11" to fully fluidized bed (III") state. Peng
and Fan [1997] reported thet if the liquid velocity was increased
beyond the fully fluidized bed regime in the liquid-solid tapered
fluidized beds, the trangtion flow regime from the fully fluidiza-
tion to the turbulent fluidized bed regime could be observed. How-
ever, those flow regimes were not observed because we limited the
gasvelocity below 1.4 m/s.

The effect of the opening fraction of the digtributors on the min-
imum velocities of the partid fluidization and the full fluidization,
and the maximum velodities of the partid defluidization and the
full defluidizetion is shown in Fg. 10. As the opening fraction is
increased, the velocity difference between the maximum veocity
of partid defluidization (U,,) and the minimum velocity of partid
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Fig. 9. Rdationship between the bed pressure drop and gas veloc-
ity with thedistributor #5.
Open symbol: increasing gas velocity condition; Closed sym-
bal: decreesing gas velocity condition
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Fig. 10. Variation of the various velocities (g, Up, Unr @Nd Uy
with gasveocity in the conical beds.

fluidization (U,.¢) increases because the gas tendsto flow towards the
center of the column with larger opening fraction of the digtributor.

CONCLUSON

The effect of ar digributor geometry (the opening fraction of
0.009-0.03, different hale 9ze and number) on the fluidization char-
acteridics of 1 mm glass beads has been determined in a conical
ges fluidized bed. The flow regimes of the conicd fluidized beds
were determined for gas velocity incressing and decressing condi-
tions. The pressure drop increases with increasing gas vel ocity (U,)
from zero to a maximum vaue and then decreases as the gas ve-
locity further increases. From the relationship between the differ-
entid bed pressure drop and gas velocity, the minimum velocities
of the partid fluidization and the full fluidization, and maximum
velodities of the partia defluidization and the full defluidization have
been determined. In the conical beds, gas v ocity that corresponds
to the maximum bed pressure drop increases with increasing the
opening fraction of the digtributors.
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NOMENCLATURE

d, :particlediameter [mm]

H,ae : height of the optical probe [m]

H, :dtaticbed height [m]

AP : difference of bed presaure drop when increasing or decress
ing gas velocity [Pe]

AP, : bed pressure drop [Pd]

AP, : bed pressure drop when decreasing gas vel ocity [Pe]

AP, : pressure drop of the distributor [Pa)

AP, : bed pressure drop when increasing gas vel ocity [Pq]

U, :gasvelocity through the bottom of the bed [m/s]
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U,  maximum bubbling velocity [m/g]

Uy : maximum fluidization vel ocity [m/g]

U - maximum velocity of full defluidization [m/s]
U - minimum velocity of full fluidization [m/g]

U : maximum velocity of partial defluidization [m/s]
U minimum velocity of partial fluidization [m/s]
& . voidage at the minimum fluidization velocity [-]
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