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Abstract — Effects of height from the distributor plate and bed height at minimum fluidization on the minimum slugging
velocity have been investigated in a gas fluidized bed(0.1 m i.d. and 2.5 m height) using sand(mean diameter : 0.286 mm,
apparent density : 2,561 kg/m®) as bed material. Minimum slugging velocity decreased with increasing height from the distri-
butor plate, however, increased with increasing bed height at minimum fluidization. A model has been proposed to predict the
minimum slugging velocity based on bubble size correlation. The proposed model can predict the present and previous exper-

imental results reasonably well.
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Table 1. Factors influencing on the onset of slugging
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. Variable increased Effecton U, Source
Bed geometry Bed diameter increase Stewart and Davidson[2]
Baeyens and Geldart[3]
Broadhurst and Becker[4]
Ho et al.[5]
Agawal[6]
Lucaetal.[7]
Distance above distributor decrease Lucaetal.[7]
Types of distributor no effect Luca et al.[7]
Particle properties Mean particle diameter decrease (U,,,—U,,cor U, /U, Matheson et al.[8]
Ho et al.[5]
DiMattia et al.[9]
no effect Gerald[10]
Sphericity of particles negligible Baeyens and Geldart[3]
Broadhurst and Becker{4]
decrease DiMattia et al.[9]
Operating conditions Static bed height or height of decrease Baeyens and Geldart[3]
bed at minimum fluidization Broadhurst and Becker([4]
negligible Agawal{6]
DiMattia et al.[9]
increase Levaet al.[11]
Gas properties no effect Levaetal.[11] - air, CO,
Pressure no effect Lanneau[12]
Temperature decrease Fatah and Flamant[13]
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Fig. 1. Schematic diagram of fluidized bed.

1. Air compressor 8. Bagfilter

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

Table 2. Sieve analysis of sand
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Fig. 2. Bubble or slug frequency versus gas velocity.
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Fig. 3. Minimum slugging velocity versus H and H,,.
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Table 3. Summary of correlations for the calculation of U,
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Authors Correlations Parameters
Urrgf Dt Hmf(H:) H pp pg dp ¢s emf U T g
Stewart and U,,,- U, = 0.07,/gD, o *
Davidson[2]
Baeyens and forH,,<H, * Ok * *
-3 2
Geldart[3] (U,s—U,,)—0.07,/gD, = 1.6x10~°(H,~H,,z)
H; =60 D17
(in CGS unit)
for Hmf> H;
Um—Umf = 0.07,/gD, (Stewart and Davidson[2] correlation)
U? DAL 0.09 _p )d3\041
Broadhurst and (—"P:L)d =s14(m) (%) +0.00416(E~’§1‘3”2—p8)—2) . L o
Becker[4] g pp pg P S pp W
(in CGS unit)
Ho et al[5] 150[(1;8'")Lzuw _2u )}+1 75[(—1—_ﬁ'L)‘35(U2 _ou? )] =0 * ok ok k% x
. 8?nf¢s2d§ ms mf’ y €r3nf¢:dp ms mf
Lee and Kim [15]  Re,,=[(33.7)%+2(0.0408) Ar]>*-33.7 * * ok ox * *
Correlation derived by combining of Ho et al.[5] and
Wen and Yu[16] correlations
Fatah and Re,, = (-0.01241 N ”Tﬁ)Are . . o w . s s
Flamant[13]
0 = 0.526+0.0001826T (T in °C)
(rDt)0.90
Lucaet al.[7] Ums_Umf= ZISS(W) r= 0.50 * % *
(in CGS unit)
DiMattiaetal[9] U, =U,,(1.0551-2.283 log ¢;) * *
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Fig. 5. Comparison between measured minimum slugging velocity and
calculated values by previous correlations and present model.
Symbols : measured values, lines : calculated values
(1) Stewart and Davidson[2] (5) Luca et al.{7]

(2) Baeyens and Geldart[3] (6) DiMattia et al.[9]
(3) Broadhurst and Becker[4] (7) present model
(4) Lee and Kim[15]
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Fig. 6. Comparison between measured minimum slugging velocity and
calculated values by previous correlations and present model.
Symbols : measured values, lines : calculated values

(1) Stewart and Davidson[2] (5) Luca et al.[7]

(2) Baeyens and Geldart[3] (6) DiMattia et alL.[9]
(3) Broadhurst and Becker([4] (7) present model
(4) Lee and Kim([15]
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Fig. 7. Comparison between measured-minimum slugging velocity and
calculated values by previous correlations and present model.
Symbols : measured values, lines : calculated values

(1) Stewart and Davidson[2] (5) Luca et al.[7]

(2) Baeyens and Geldart[3] (6) DiMattia et al.[9]
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(4) Lee and Kim{[15]
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Fig. 8. Comparison between measured minimum slugging velocity and
calculated values by previous correlations and present model.
Symbols : measured values, lines : calculated values
(1) Stewart and Davidson[2]  (5) Luca et al.[7]

(2) Baeyens and Geldart[3] (6) DiMattia et al.[9]
(3) Broadhurst and Becker[4] (7) present model
(4) Lee and Kim[15]
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Table 5. Result of the statistical analysis of correlations for predicting U,

Standard deviation of correlations[cm/s]

No. of

Measured data data Stewartand  Baeyens and Broadhurst and Lee and Fatah and Luca DiMattia This
Davidson[2] Geldart[3] Becker[4] Kim[15] Flamant[13] etal.[7] etal.[9] study
Baeyens and 130 2.513 0.896 14.048 15.811 471.71 6.198 16.161 4.579
Geldart[3] :
Broadhurst and 51 5.708 6.424 1.167 6.721 285.80 1.954 6.665 2.967
Becker[4]
Ho et al.[5] 15 9.226 7472 31.126 8.624 574.60 15.399 - 7.503
Lucaet al.[7] 60 31.783 29.528 72.853 22.800 1002.60 10.748 21.242 10.373
San Jose et al.[20] 3 96.681 88.059 162.310 111.860 1919.90 136.24 72226 82.118
This study 17 2709 2716 7.598 3932 369.58 4.704 4.142 1.648
Total data 276 17.223 15.957 38416 18.240 621.64 13.851 16.821 9.305
No. of Root-mean-square deviation(RMS) of correlations[-]
Measured data data Stewartand  Baeyens and Broadhurst and Lee and Fatah and Luca DiMattia This
Davidson[2] Geldart[3] Becker[4] Kim[15] Flamant{13] etal.[7] etal.[9] study
Baeyens and 130 0.1145 0.0477 0.3820 0.4484 19.9850 0.2927 0.4862 0.2805
Geldart[3]
Broadhurst and 51 0.8165 1.0214 0.1029 0.4809 43.6710 0.2444 0.4729 0.3258
Becker[4]
Hoetal.[5] 15 0.1433 0.1059 0.5370 0.2117 12.3830 0.3143 - 0.1174
Luca et al.[7] 60 0.1999 0.1850 0.4944 0.1647 7.0939 0.0740 0.1429 0.0773
San Jose et al.[20] 3 03115 0.2818 04777 0.3477 5.8645 0.4179 0.2005 0.2588
This study 17 0.1788 0.1792 0.4662 0.2342 23.431 0.2905 0.3998 0.1016
Total data 276 0.3763 04514 0.3929 0.3880 24315 0.2548 0.4207 0.2484
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10 ! ! W R & Qi
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Fig. 9. Flow regime map.
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AE7|E

: variable defined by Eq. (3b) [m'?]

: Archimedes number, pg(pp—pg)gd;/l,x2 [-]

: variable defined by Eq. (3b) [m'?]

: equivalent spherical bubble diameter having same volume as

that of bubble [m]

:d, in equilibrium [m]

:d, at distributor [m]

: particle diameter [mm]

: column diameter [m]

: slug frequency [1/s]

: average slug frequency [1/s]

: splitting frequency of a single bubble [1/s]

: slug frequency measured lower pressure taps [1/s]
:slug frequency measure upper pressure taps [1/s]
: gravitational acceleration, 9.8 [m/s%]

: height above distributor [m]

: limiting bed height where coalescence is complete and a stable

slug spacing achieved [cm]

- height from distributor of measuring point [m]

:bed height at minimum fluidizing condition [m]

: static bed height [m]

: column diameter [m]

: bubble flow fraction of excess gas flow A(U—Umf) [-]
:number of data [-]

- number of orifices per unit area of distributor [1/m?]
: pressure [kPa]

: ratio between bubble and column diameter [-]

: Reynolds number, d,Up /i [-]

: Reynolds number at transport velocity to turbulent fluidization

regime, dPUcp&Ju [-]

: Reynolds number at minimum fluidizing condition, d,U,,,»./\ [-]
: Reynolds number at minimum slugging condition, d,U,,p /it

[-1

: particle Reynolds number, de,p$J|,L [-]

: Reynolds number at terminal velocity, de,pg/u [-]1
:bed temperature [°C]

: superficial gas velocity [m/s]

: bubble rising velocity {m/s]

: transport velocity to turbulent fluidization regime [m/s]
:minimum fluidizing velocity [m/s]

: minimum slugging velocity [m/s]

: calculated minimum slugging velocity [m/s]

: measured minimum slugging velocity [m/s]

: slug rising velocity [m/s]

: terminal velocity [m/s]

J2jolA 2Kt
Ef - void fraction in a bed at minimum fluidizing condition [-]
18 : gas viscosity [kg/m - s]
Pe : gas density [kg/m’]
Pp : apparent particle density [kg/m’]
O : sphericity of particle [-]
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