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Abstract — In order to understand the slugging regime comprehensively, the characteristics of slugging have been studied
experimentally in gas fluidized beds. The onset velocity of slugging and the properties of slug were measured in gas fluidized
beds(bed A:0.055m i.d., 2.0 m height, bed B:0.1 m i.d. and 2.5 m height) using sand(specific surface mean diameter:
0.286 mm) and FCC(FCC A, specific surface mean diameter: 0.082 mm, FCC B, specific surface mean diameter: 0.091 mm)
as bed materials with variations of gas velocity, height from the distributor plate, bed height at minimum fluidization, column
diameter and particle properties. The minimum slugging velocity decreased with increasing height from the distributor plate,
however, increased with increasing bed height at minimum fluidization and column diameter. However, the effect of particle
properties was found to be dependent on the column diameter. The minimum slugging velocity of sand was higher than that of
FCC in the column of 0.055 m inside diameter, however, that of FCC higher than that of sand in the column of 0.10 m inside
diameter. The slug frequency decreased with increasing gas velocity, height from the distributor plate and bed height at min-
imum fluidization, however, increased with column diameter. The effect of gas velocity on slug frequency diminished as gas
velocity increased. The effect of height from the distributor plate on slug properties decreased as the bed height at minimum
fluidization increased. The slug frequency of FCC was higher than that of sand at the same excess gas velocity.
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Table 1. Factors influencing on the slug frequency
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Variable increased Effect op f Source
Bed geometry Bed diameter]D Decrease Baeyens and Geldart[7]
Increase Verloop and Heertjes[8]

Distance above distributor(H)

Particle properties Mean particle diame_tge)(d Negligible
Increase
Sphericity of particlesg) Negligible
Decrease
Operating condition Superficial gas velocity(U)
Decrease
Negligible

Static bed height(fi or bed height at Initial decrease and independent thereafter

minimum fluidization(H,) Decrease

Initial decrease and independent thereafter
Negligible below K¢

Initial decrease and independent thereafter

Noordergraaf et al.[2]
Luca et al.[9]
Lee[10]

Nakamura et al.[11]
Noordergraaf et al.[2]
Baeyens and Geldart[7]

Satija and Fan[12]
Baeyens and Geldart[7]
DiMattia et al.[13]
Baker and Geldart[14]
Verloop and Heertjes[8]
Noordergraaf et al.[2]
Luca et al.[9]
Lee[10]
Baeyens and Geldart[7]
DiMattia et al.[13]
Baeyens and Geldart[7]
Verloop and Heertjes[8]
Baker and Geldart[14]
Nakamura et al.[11]
Thiel and Potter[15]
Satija and Fan[12]
Noordergraaf et al.[2]
Luca et al.[9]
DiMattia et al.[13]
Lee[10]
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Table 2. Summary of correlations on the slug frequency
Authors Experimental technique Correlations Considered parameters
Uy U dy @ Dy HyH) H
_0.35¢° _9.38
Baeyens and Geldart[7] DPT & visual observation fs = Wd;_ k= D() 35, (N CGS unit) *
t
Verloop and Heertjes[8] DPT fs= % >/90 * *
mf
Nakamura et al.[11] for H<120 cm * oo *
f=27.0(U-U,,,) 04 H 00
for H>120 cm
f=15(U-Up 0%
Satija and Fan[12] DPT for 1.00 mm glass beadsil.h<2 m/s ook X *

1 0.5
nearf ol |
(U_Umf) ’ Hm
for d;>2.32 mm

d
fo= 100[—L]
(U _Umf)Hmf

0.5

Shichun et al.[3] Optical fiber £=0.533U-U,,,) °15%in CGS unit) * %
Noordergraaf et al.[2] APT £0.320015 10 . .
mf =0. 0.1 * * * *
Luca et a[9] Video camera 7[ (U=U,)’ }
—Ymf,
2
DiMattia et al.[13] DPT fo= 0.515-¢,—0.51%;—0.65H, . .
0.13
fHu =08 ({ D, } +0.07 A .
Lee[10] DPT U U

DPT: differential pressure transducer, APT: absolute pressure transducer
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Fig. 1. Schematic diagram of fluidized beds.
(a) Fluidized bed A(0.055 m I.D., 2.0 m height)
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Table 3. Properties and size distribution of bed materials

1. Air compressor 8. Pressure gauge

2. Filter 9. Let-down valve

3. Pressure regulator 10. Bag filter

4. Valve 11. Data logger

5. Mass flowmeter 12. Differential pressure transducer
6. Fluidized bed 13. A/D converter

7. Cyclone 14. Personal computer

(b) Fluidized bed B (0.10m I.D., 2.5 m height)

1. Air compressor 8. Badfilter

2. Filter 9. Sample pot

3. Pressure regulator 10. Differential pressure transducer
4. Flowmeter 11. A/D converter

5. Fluidized bed 12. Personal computer

6. Cyclone 1 13. Data logger

7. Cyclone 2
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ﬂ FCC A(fresh) FCC B(spent) Sand
Properties
Mean particle diameter[mm] 0.082 0.091 0.286
Apparent density[kg/f) 1600 2083 2561
Bulk density[kg/m] 847 802 1313
\oid fraction in bed at minimum fluidizing condition[-] 0.47 0.62 0.49
Sphericity of particles[-] 0.87 0.57 0.86
Geldart classification A AB B
Size distribution
Sieve size Weight fraction[-]
-600+425 - - 0.150
-425+300 - - 0.432
-300+212 0.002 - 0.302
-212+150 0.026 - 0.065
-150+106 0.246 - 0.034
-106+75 0.493 1.000 0.015
-75+53 0.184 - 0.002
-53+0 0.049 - 0.000
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Table 4. Fluidized beds specification and operating conditions for the measurement of minimum slugging velocity

Fluidized bed Particle properties Operating conditions
Notation Qim] H,{m] Particle ¢[mm] pp[kg/m3] Him] Hnedm]
A 0.055 2.0 FCCA 0.082 1600 0.85 0.38, 0.58
Sand 0.286 2561 0.85 0.38, 0.58
B 0.10 25 FCCA 0.082 1600 0.85 0.43, 0.60
FCCB 0.091 2083 0.95,1.05, 1.15, 1.25 0.83

Table 5. Fluidized beds specification and operating conditions for the measurementsifig frequency

Fluidized bed Particle properties Operating conditions
Notation O[m] H{m] Particle ¢[mm] pp[kg/m3] U[m/s] Hpdm] Hedm]
A 0.055 2.0 FCCA 0.082 1600 0.01-0.45 0.85 0.38, 0.58
Sand 0.286 2561 0.108-0.45 0.85 0.38,0.58
B 0.10 25 FCCA 0.082 1600 0.01-0.45 0.85 0.43, 0.60
Sand 0.286 2561 0.108-0.45 0.85 0.36, 0.46
0.95 0.36, 0.46, 0.83
1.05 0.36, 0.46, 0.83, 0.93
1.15 0.36, 0.46, 0.83, 0.93
1.25 0.36, 0.46, 0.83, 0.93
0.018
T T T T T T T 7
0.016 |- Particle :FCCB _ At
D,:0.1m Foy —
0.014 |- d,:0.091mm, p, : 2083kg/m’ ~ S
3
— o —
Y - - o
= 0.012 =
"% o010} ~ =4 .
2> ° ® @
- — o
0.008 ° B
re)
0.006 - = 2
m L 1 1 1 | ]
! 1 1 I ! b1 0.2
0.004 006 0.05 0.10 015 020 025 0.30
0.90 095 1.00 105 110 115 120 125 1.30
0.18 , | . . 25 T T T | T
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AE7IE
3
dy : equivalent spherical bubble diameter having same volume as
that of bubble [m] 4.
dy : particle diameter [mm]
ap : mean particle diameter [mm] 5.
D, : column diameter [m]
fs : average slug frequency measured simultaneously at lower and 6.
upper pressure taps [1/s]
fe, : slug frequency measured at lower pressure taps [1/s] 7.
fsu : slug frequency measure at upper pressure taps [1/s] 8.
g : gravitational acceleration, 9.8 [rfi/s 9.
H : height above distributor [m]
Hi,  :height of the freely-bubbling zone in a fluidized bed [m] 10.
H. - height of the slug coalescence is complete and a stable slugging
zone [m] 11.
Hnea :Pressure signal measuring height(average value of lower and
upper pressure taps height for differential pressure fluctuation 12
measurement) [m]
Hns @ bed height at minimum fluidization [m]
H,  :static bed height [m] 14.
H; : column height [m] 15.
N¢ :number based bubble flow rate [1/s] 16.
Np : point bubble frequency [1/s] 17
U : superficial gas velocity [m/s] 18:
Uns - minimum fluidizing velocity [m/s]
Uns - Minimum slugging velocity [m/s] 19.
J2|ojA &} 20
(08 . sphericity of particle [-] 21,
Pp : apparent particle density [kgfn 2.
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