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Abstract—Slugging experiments were performed in a fluidized bed of 7 cm ID and 50 cm in height to examine the
maximum bed height with an expanded section. High-density polyethylene (HDPE) particles of 0.5 mm were employed
as the bed materials. The slugging bed height was linearly increased with the gas velocity in the beds of uniform cross
section as well as expanded section with different slope. From the results of this study, it was found that the existing
correlation to predict the slugging bed height based on the heavier particles for the uniform cross section area was
satisfactorily applied for the lighter particles of HDPE and for the expanded section, a slight modification was made

for the particle of HDPE in the slugging bed.
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INTRODUCTION

investigated the gas behavior in a fluidized bed of polyethylene par-

ticles.

An understanding of flow regimes is very important for the stable
operation and scale-up of fluidized beds of commercial units. Lee
et al. [2000] and Tsutsumi et al. [1999], who studied the hydrody-
namics characteristics from fixed to fully fluidized beds for the three
phase fluidized bed, reported that the bubble behavior is the one ¢
the key factors in the hydrodynamics of fluidized beds. A slugging
bed is characterized by gas slugs of sizes close to reactor cross s
tion that rise at regular intervals and divide the main part of the flu-
idized bed into alternate regions of dense and lean phases [Lee a
Kim, 1989; Ryu et al., 1999]. The slugging phenomenon in fluid-
ized beds has been extensively studied and is described in detail
Davidson and Harrison [1971]. The passage of these gas slugs pr
duces large pressure fluctuations inside the fluidized bed. The be
height will reach the maximum when the first slug breaks the sur-
face. Thereafter, the bed height will fluctuate between this maxi-
mum and minimum position that depends on the size of the gas sl.
[Yang and Keairns, 1980]. An effective way to suppress the slug-
ging and to reduce the maximum slugging bed height is to expan
the bed cross-sectional area toward the top of a fluidized bed rea
tor. The reason for designing the expanded section is that in the e;
panded section the bed tends to bridge at the conical transition b
tween the bottom section and expanded section and bed tends
be defluidized, thus reducing the maximum bed height during the
slugging. Therefore, it is interesting to investigate the slugging bec
height with an expanded section. Baker et al. [1978], Canada et ¢
[1978], Geldart et al. [1978] reported the bed expansion data fo
slugging fluidized beds. Most of data reported are sand, glass bez
and metals that are heavier than water. Only a few experiments we
conducted in a fluidized bed with polymer particles. Cho et al. [2000]
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In this investigation we are concemed with the slugging bed height
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Fig. 1. Schematic diagram of experimental test set-up.
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in a fluidized bed of polyethylene particles whose density is lighter 1.7
than water. The expanded bed height was measured and compal
with the existing correlation. 16l °
o ° ¢
EXPERIMENTAL 15

The experimental test set-up is shown in Fig. 1. The fluidized I
bed column is made of acrylic pipe of 7cm ID and 51 cm in height : 1.4
and is connected to cyclone. The disengaging section is located bi € L
tween fluidized bed column and cyclone as shown in Fig. 1 anc % 13L
was designed to simulate the dimensional similarity of commercial
fluidized bed reactor of the Unipol process. Air is supplied from 12
the compressor and flow to calibrated flow meter and introducec “T
to the bottom of the bed through the perforated distributor. The stati
bed height was 75% of the bed volume and it was about 37 cm aboy 11+
the distributor. The bottom section was 7 cm in inside diameter ant 5
the expanded section was 13 cm in inside diameter. The transitio 10
between two sections was a conical section with a 78 deg incline 0 § 10 15 20 25 30 35 40
angle. In a typical experiment to measure the slugging bed heigh U-U,[cmis]
the gas velocity was first set. Values of maximum bed height were-. . . : . .
then recorded visually and by marking on the column wall. Theqzlg' 2 ((;(;mpanson of experimental slugging bed height with Eq.
bed height was determined by taking the five minute time-aver-
aged values at specific operating conditions. The operating gas ve-
locity covered the 1.2-5.0 ranges and the slug flow was ob- k,=0.5 for wall slugs
served for that gas velocity ranges. 05 ~4.2

The Hanwha Petrochemical Ltd., Korea, provided the HDPE pow- Kk.=2.43 %E Eli—o%g for g<1.12mm
ders for these experiments. The physical properties of HDPE par- ' ¢
ticles employed in this study are given in Table 1. Fig. 2 shows the comparison of experimentally determined max-

imum bed height in the slug flow for the fluidized bed of polyeth-
RESULTS AND DISCUSSION ylene particles with the proposed correlation of Eq. (2). The exper-

imentally determined maximum bed height increased with gas ve-
The maximum bed height of the slugging fluidized bed is measdocity and the slope was changed when the bed height reached the
ured for particles of HDPE. There was a wide variation of slug-expanded section due to change of cross sectional area. In the ap-
ging bed heights, and the variation of slugging bed height is the replication of Eq. (2), k=0.35 was applied due to axial slugs of the
sult of a distribution of slug velocities due to coalescence in the gridHDPE particles. As can be seen in Fig. 2, the correlation was very
region of the bed. Matsen et al. [1969] proposed the correlation wittsuccessful for the lower gas velocity which corresponded to the uni-
over 60 sets of data as given in the Eq. (1). form cross sectional area of the bed. Beyond the uniform cross sec-
H U-U tional area (D>B), Eq. (2) could no longer be applied because at
— -1 =——f 6N} the higher gas velocity the maximum bed height reached the height
Hu ki/gD of the bed transition. Yang and Keairns [1980] developed the modi-

Satija and Fan [1985] modified the correlation for maximum bedﬁed correlation that follows closely that of Matsen et al. [1969] for

height of the slugging bed for uniform cross section by an equatior‘:r‘_XIOanSion of f!uidize'd' bed in S'“Q flow. They divided'the. expan-
sion of a slugging fluidized bed with an expanded section into three

of the form
different stages and suggested the different correlations for expan-
Hinax g 4 Ke(U “Upy) ) sion stages.
Hons k./gD Fig. 3(a) shows the configuration of the expanded section of Yang

. and Keairns [1980] for the correlation of maximum bed height in a
k,=0.35 for axial slugs slugging fluidized bed and the proposed correlation for the expanded
section is given in Eq. (3) forH<h,
Table 1. Physical properties of employed particles (HDPE)

Properties Value H o , 2U-U.) o .

Particle diameter,d 0.0603 cm ,_,ma::H_f + %E[l +%%U—h2mf} 1 T — (3)

Particle densityp, 0.82 g/cm o+ JUmf%

Particle bulk density, 0.44 g/eni O b L]

tid_age at ir.lcipie.nt quidiza}tiorgnf 0.46 In this equation, subscript 1 represents the uniform cross-sectional
Minimum fluidization velocity, U, 10.5cm/s area and subscript 2 represents the expanded section of the bed. When
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Fig. 4. Comparison of experimental results with correlations for
() (b) uniform cross section of Eq. (2) and expanded section of

Eqg. (4).
Fig. 3. (&) Configuration of bed for Eq. (3) of Yang and Keairns
[1980]. (b) Configuration of bed for proposed correlation

of Eq. (4). idized bed with experimental results is shown in Fig. 4 and the com-

parison is found to be satisfactory.

D,=D,, U,=U,, and ;=0.35./gD, , Eq. (3) reduced to Eq. (2),
the slugging bed height equation for a bed of uniform cross section. CONCLUSIONS
Fig. 3(b) shows the configuration of the expanded bed employed
in this study. In this experiment we observed that the maximum bed The maximum bed height for slugging in a fluidized bed of poly-
height reached the expanded section of the bed-&t (315 cm/ ethylene particles with an expanded section was experimentally de-
sec. Eq. (3) was applied for the prediction of maximum bed heightermined. It was found that when the bed expansion reached below
when the (UJU,,) was larger than 15 cm/sec. The agreement ofthe transition section of the bed, the correlation proposed by Satija
experimental data with Eq. (3) was not satisfactory. The discreand Fan was satisfactory for the uniform cross section and when
pancy of experimental results and proposed correlation may resuthe bed height reached the expanded section of the bed, the modi-
from the difference of particle properties and the geometry of exfied correlation proposed in this study showed a good agreement
panded section. It was guessed that the sand particles employed feith the experimental results for the expanded section. From the
the derivation of Eq. (3) may have shown different slugging be-results of this study, it was concluded that the correlation based on
haviors such as slug rise velocity, slug frequency and types of slughe heavier particles was satisfactorily applied to the lighter parti-
(axial slugs, and wall slugs) which determined the maximum bedcles such as HDPE for the uniform cross-sectional area, and for the
height as well as bed diameters as along with different conical tranexpanded section a slight modification of the existing equation was
sition angle as shown in Fig. 3(a) and (b). With the experimentalrequired for the prediction of maximum bed height of HDPE par-
data at the higher gas velocity, we proposed the modified correlaticles.
tion that follows closely that of Yang and Keairns [1980] for ex-
panded section of the bed and is given in Eq. (4). NOMENCLATURE

During operation, the maximum bed height reached the transi-
tion section (f,.<h,) only so that the average diameter of transi- D : bed diameter [cm]
tion section was chosen as the characteristic length for expanddd, : bed diameter of uniform cross section [cm]
section. D, :average diameter of expanded section for Eq. (4) [cm]

d, :particle diameter [cm]
g : acceleration of gravity [m/s8c
Hopa— 0 (Durf h ~h, +H., 1 @ h - height of transition section for Eq. (3) [cm]
Ho Hu BD.H| o (U-U,)0 Hoor h, :height of uniform cross sectional area for Eq. (4) [cm]
m+ 0 H,, :slugging bed height [cm]
O Us O ; . T
H.: :height of minimum fluidization bed [cm]

The comparison of correlations for maximum bed height at the unik,  : parameter for Eqg. (2) [-]
form cross section and at the expanded section in the slugging fike,  : parameter for Eq. (2) [-]
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U  :superficial gas velocity [cm/sec] Press, NewYork (1971).
U, :superficial gas velocity at uniform cross section [cm/sec] Geldart, D., Hurt, J. M. and Wadia, P. H., “Slugging in Beds of Large
U, :superficial gas velocity at expanded section [cm/sec] Particles;AIChE Symp. Sei74, 60 (1978).
U,. :bubble rise velocity at uniform cross section [cm/sec] Lee, D.H., Epstein, N. and Grace, J. R., “Hydrodynamic Transition from
U, :bubble rise velocity at expanded section [cm/sec] Fixed to Fully Fluidized Beds for Three-Phase Inverse Fluidization
U,: :minimum fluidization velocity [cm/sec] Korean J. Chem. Engdl7, 684 (2000).
Lee, G. S. and Kim, S. D., “Rise \Velocities of Slugs and Voids in Slug-
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P, :gas density [kg/fh (1989).
p, : particle density [kg/ri Matsen, J. M., Hovmand, S. and Davidson, J. F., “Expansion of Fluid-
ized Beds in Slug FlonChem. Eng. Sgi24(1), 743 (1969).
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