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Slugging Bed Height of Polyethylene Particles in a Fluidized Bed with 
an Expanded Section 
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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 ruth an expanded section. High-density polyethylene (HDPE) parddes of 0.5 mm were employed 
as the bed materials. The slugging bed height was linearly increased with the gas velocity m 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 

An understanding of flow regimes is very impoitant for the stable 
operation and scale-up of fluidized beds of commercial mits. Lee 
et al. [2000] and Tsutsumi et al. [1999], who studied the hydrody- 
namics characteristics from fixed to flatly fluidized beds for the three 
phase fluidized bed, reported that the bubble behavior is the one of 
the key factors in the hydrodynamics of fluidized beds. A slugging 
bed is characterized by gas slugs of sizes close to reactor cross sec- 
tion that rise at regular intervals mad divide the main part of the flu- 
idized bed into altemate regions of dense and lean phases [Lee and 
Kim, 1989; Ryu et al., 1999]. The slugging phenomenon in flui& 
ized beds has been extei3sively studied mad is described in detail by 
Davidson and Harrison [1971]. The Imssage of these gas slugs pro- 
duces large pressure fluc0aatiom inside the fluidized bed The bed 
height win reach the maxirnurn 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 slug 
[Yang and Keaims, 1980]. An effective way to suppress the slug- 
grog and to reduce the maxinmm slugging bed height is to expand 
the bed cross-sectional area toward the top of a fluidized bed reac- 
tor. The reason for designing the expanded section is that in the ex- 
panded section the bed tends to bridge at the conical transition be- 
tween the bottom section and expanded section and bed tends to 
be defluidized, thus reducing the maximum bed height during the 
slugging. Therefore, it is interesting to investigate the slugging bed 
height with an expanded sectiort Baker et al. [1978], Carla& et al. 
[1978], Geldart et al. [1978] reported the bed expansion data for 
slugging fluidized beds. Most of data reported are sand, glass bead 
and metals that are heavier than water. Only a few experiments were 
conducted in a flnidized bed with polymer particles. Cho et al. [2000] 
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investigated the gas behavior in a fluidized bed of polyethylene par- 
ticles. 

In this investigation we are concerned with the slugging bed height 
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Fig. 1. Schematic diagram of experimental test set-ulL 
1. Blower 5. Distribution plate 
2. Filter & Regulator 6. Fluidization column 
3. Rotameter 7. Disengaging section 
4. Calming section 8. Cyclone separator 
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in a fluidized bed of polyethylene particles whose density is lighter 
than water. The expanded bed height was measured and compared 
with the existing correlation. 

E X P E R I M E N T A L  

The experimental test set-up is shown m Fig. 1. The fluidized 
bed column is nmde of acrylic pipe of ? cm ]]7) and 51 cm in height 
and is connected to cyclone. Tile disengaging section is located be- 
tween fluidized bed column and cyclone as shown in Fig. 1 and 
was designed to shnulate the dimensional similarity of commercial 
flaidized bed reactor of the Unipol process. Air is supplied fi'om 
the compressor and flow to calibrated flow meter and m~a-oduced 
to the bo~c~n of the bed t&-ough the perfc~-ated distributo1: The static 
bed height was 75% of the bed vohme mad it was about 37 can above 
the disbibuto:: Tile bottom section was 7 cm in inside diameter and 
the expanded section was 13 can m inside diameter Tile Wansition 
between two sections was a conical section with a 78 deg inclined 
angle. It: a typical expe:iment to measure the slugging bed heigt~, 
the gas velocity was first set. Values of maxmmm bed height were 
then recorded vistally and by marking on the colunm wall. Tile 
bed height was detmmined by taki:g the five minute thne-aver- 
aged values at specific q:eratmg conditions. The operating gas ve- 
locity covered the 1.2-5.0 Uwranges and the slug flow was ob- 
staved for that gas velocity ranges. 

The Hamvba Petrochemical Lt4, Korea, provided the HDPE pow- 
cte:~ for these expermm:Ks. The physical properties of HDPE par- 
tides employed in this study are given in Table 1. 

RESULTS A N D  DISCUSSION 

Tile maximum bed height of tile slugging fluidized bed is meas- 
ured for particles of HDPE. There was a wide variation of slug- 
ging bed heights, m:d tile vmiation of slugging bed height is the re- 
sult of a clisb5bution of slug velocities due to coalescence m the grid 
region of the bed Matsen et al. [1969] proposed the con-elation with 
over 60 sets of  data as given rathe Eq. (1). 

H,,, I=U U,,,, r (i) 
H.,f k~g4~ 

Satija and Fan [1 985] moclified tile correlation for maximum bed 
height of the slugging bed for uniform cross section by an equation 
of the form 

H,,,o, = 1 +kdU -U,~ r) (2) 

k: =0.35 for axial slugs 

Table 1. Physical properties of employed particles (HDPE) 

Properties Value 

Particle diameter, dp 
Particle density, p, 
Particle bulk density, p~ 
Voidage at incipient fluidization, Gf 
Minimum fluidization velocity, U ~  

0.0603 cm 
0.82 g/cm 3 
0.44 g/cm 3 
0.46 

10.5 cm/s 

1.7 

1.6 

1.5 

1.4 
t**d  

-f- 1.3 

1.2 

1.1 

/ ' / Q � 9  

/, 
Z Eq,(2) 
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Fig. 2. Comparison of experimental slugging bed height with Eq. 
(2). 

k~ 0.5 for wall slugs 

"G_ ~  0 " ~  k2 :243  (D , )  ( ~ )  for dp<l.12 nml 

Fig. 2 shows the compaison of experimentally determined lnax- 
inmm bed height in the slug flow for the fluidized bed of polyeth- 
ylene particles with the proposed co:relation of Eq. (2). The exper- 
imentally detemrined maximtm: bed height increased with gas ve- 
locity and the slope was changed when the bed height reached the 
expanded section due to change of cross sectional area. In tile ap- 
plication of Eq. (2), k: 0.35 was applied due to axial sktgs of the 
HDPE ~rticles. As can be seen in Fig. 2, the correlation was very 
successful for the lower gas vebcity which corresponded to tile uni- 
fore: ca~ss sectional mea of the bed. Beyond the unifbma cross sec- 
tional area (D>D:), Eq. (2) could no bngca- be applied because at 
the higher gas velocity the maximum bed height reached tile height 
of the bed tramitiort Yang and Keaims [1980] developed the modi- 
fied correlation that follows cbsely that ofMatsen et al. [1969] for 
expansion of fluidized bed in slug flow They divided the expan- 
sion of a slugging fluidized bed with an ext~Med section into three 
Clfferent stages and suggested the different correlations for expan- 
sion stages. 

Fig. 3(a) shows the conflgtwation of the expanded section of Yang 
and Keaims [1 980] for the correlation of maximum bed height in a 
slugging fluidized bed and the pmlx~ed con'elation for the expanded 
section is given m Eq. (3) for H~,ax<h, 

+(D~]2(U - U J f l  
H.,~ h /D:VF <D2) Ub~ J H~r =H.---f +/D:)~ 1 

L 
h @}] (3) 

H~f{1 + 

In this equation, subscript 1 represents the utffon-n cross-sectio:ml 
area and s~bscript 2 represents the exl:~:ded section of the beck When 
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Fig. 3. (a) Configuration of bed for Eq. (3) of Yang and Keairns 
[1980]. (b) Conf~qwalion of bed for proposed correlation 
of Eq. (4). 

D,=D2, LTb: =Ub2 , and Ub,=0.35 g~-D-7~, Eq. (3) reduced to Eq. (2), 
the slugging bed height equation for a bed of t~fiform cross secfio:: 
Fig. 3(b) shows the configuration of the expanded bed employed 
in this study. In this expexm:ent we observed that the maximum bed 
height reached the expanded section of the bed at (U-Uw)= 15 cm/ 
sec. Eq. (3) was applied for the prediction of maximum bed height 
when the (U-Uw) was lager than 15 cm/sec. The agreement of 
experimental data with Eq. (3) was not satisfactory. The discre- 
pancy of e~cpe:-hnental results and proposed correlation may result 
fi-om the difference of particle properties and the geometry of ex- 
panded section. It was guessed that the sand particles employed for 
the derivation of Eq. (3)may have shovm different slugging be- 
haviors such as slug rise velocity, slug frequency and types of slugs 
(axial slugs, and wall slugs) which detem:ined the maximtrn bed 
height as well as bed diameters as along with different conical tran- 
sition angle as shown in Fig. 3(a) and (b). With the expelq_mental 
data at the higher gas velocity, we proposed the modified correla- 
tion that follows closely that of Yang and Keain~s [1980] for ex- 
panded section of the bed and is given m Eq. (4). 

Dmng  operation, the maximum bed height reached the transi- 
tion section (h~<h2) only so that the average diameter of transi- 
tion section was chosen as the characteristic length for expanded 
section. 

V 
H h /DI~2/ h l 

hi +H,,f - -  
He 

(4) 

The comparison of correlations for maximum bed height at the uni- 
fonn cross section and at the expanded section in the slugging flu- 
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Fig. 4. Comparison of experimental results with correlations for 
uniform cross section of Eq. (2) and expanded section of 
Eq. (4). 

idized bed with experimental results is shown m Fig. 4 and the com- 
parison is found to be satisfactory. 

CONCLUSIONS 

The maximum bed height for slugging m a fluidized bed of poly- 
ethylene particles with an expanded section was experimentally de- 
tem:ined. It was found that when the bed expansion reached below 
the transition section of the bed, the correlation proposed by Satija 
and Fan was satisfactory for the uniform cross section and when 
the bed height reached the expanded section of the bed, the modi- 
fied con-elation proposed in this study showed a good agreement 
with the experilnental results for the expanded section. From the 
results of this study, it was concluded that the correlation based on 
the heavier particles was satisfactorily applied to the lighter parti- 
cles such as HDPE for the uniform cross-sectional area, mad for the 
expanded section a slight modification of the existing equation was 
required for the prediction of maximum bed height of HDPE par- 
ticles. 

N O M E N C L A T U R E  

D : bed diameter [cm] 
D: : bed diameter of uniform cross section [cm] 
D~ : average diameter of expanded section for Eq. (4) [cm] 
dp : pa:ticle diameter [cm] 
g : acceleration of gravity [m/sec 2] 
h : height of transition section for Eq. (3) [cm] 
h: : height of uniform cross sectional area for Eq. (4) [cm] 
H,, : slugging bed height [cm] 
H,, I :height of minimum fluidization bed [cm] 
k~ : parameter for Eq. (2) [-] 
k2 : parameter for Eq. (2) [-] 
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U : superficial gas velocity [cm/sec] 
UI : superficial gas velocity at uniform cross section [cm/sec] 
U2 : superficial gas velocity at expanded section [cm/sec] 
Ub~ : bubble rise velocity at tmifon-n cross section [cm/sec] 
Ub2 : bubble rise velocity at expanded section [cm/sec] 
U~ s : milmnum fluidization velocity [cm/sec] 

Greek Letters 
pg ' gas density [kg/m 3] 
p, �9 particle density [kg/m 3] 
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