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Abstract−The type transition in onset condition of turbulent fluidization in gas fluidized beds was investigated to

obtain the relation representing more precise roles of physical properties of gas and solid particles. The type transition in

onset condition of turbulent fluidization occurs at Archimedes number of 20.87 by type transition of bubble breakup.

The maximum stable bubble diameter (dbmax) is greater than the equilibrium bubble diameter (dbeq) in the region, Ar<

20.87, but dbeq>dbmax in the region, Ar>20.87. Therefore, the onset of turbulent fluidization is determined in the region,

Ar<20.87, by dbeq and in the region, Ar>20.87, by dbmax as the limit of bubble growth. The uc decreases in the region,

Ar<20.87, but increases in the region, Ar>20.87 as temperature increases.
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INTRODUCTION

Bubble splitting or breakup is one of the important phenomena

in gas fluidization that should be understood for making advances

in fluidization of very fine particles.

The next to the bubbling or slugging regime is called turbulent

regime in gas fluidization as gas velocity increases. The turbulent

regime is often realized to represent a dramatic breakdown of bub-

bling or slugging, and the predominance of bubble breakup over

bubble coalescence. The bubble size in bubbling or slugging bed is

limited by the maximum stable bubble diameter (dbmax) according to

the study of Harrison et al. [1]. The bubble size in the bed of Geldart’s

group A particles is controlled additionally by equilibrium bubble

diameter (dbeq) because bubble splitting occurs [2-4]. Chehbouni et

al. [5] and Peeler et al. [6] have reported that two opposite trends

exist in the effect of temperature on onset gas velocity of turbulent

regime (uc). Choi et al. [7] explain those opposite temperature effects

on uc with their model successfully. According to their model, one is

that uc decreases with an increase of temperature when dbeq is smaller

than dbmax. Another case is that dbeq is greater than dbmax. Then uc in-

creases with temperature. They have shown that the onset of turbu-

lent fluidization is caused by two different types of bubble breakup

and discussed the transition condition between them by comparing

dbmax and dbeq.

However, precise roles of physical properties of gas and particle

phase on the type transition of bubble breakup are unknown yet.

Here we show that the type transition of bubble breakup in onset

condition of turbulent regime can be represented by Archimedes

number (Ar) that consists of physical properties of gas and solid

particles.

THEORY

Choi et al. [7] represented the ratio of dbeq to dbmax at the onset gas

velocity of turbulent regime (u=uc) as

(1)

Remf is represented by the correlation of Wen and Yu [8]:

Remf=[(33.7)
2+0.0408 Ar]0.5−33.7 (2)

At the condition dbeq=dbmax, the onset velocity of turbulent regime

[7] can be determined by

 for the case dbeq>dbmax (3)

or

for the case dbeq<dbmax (4)

Combining Eqs. (1) to (3), or Eqs. (1), (2) and (4) at the condi-

tion dbeq=dbmax, gives Ar of 20.87 as the type transition condition in

the onset condition of turbulent fluidization.

RESULTS AND DISCUSSION

Fig. 1 from the report of Choi et al. [7] confirms the present type

transition condition in the onset condition of turbulent fluidization.

The maximum stable bubble diameter (dbmax) is greater than the equi-

librium bubble diameter (dbeq) in the region, Ar<20.87, but dbeq>

dbmax in the region, Ar>20.87. Therefore, the onset of turbulent fluidi-

zation is determined in the region, Ar<20.87, by the equilibrium

bubble diameter (dbeq), and in the region, Ar>20.87, by the maxi-

mum stable bubble diameter (dbmax) as the limit of bubble growth.

Fig. 2 with the data of Chehbouni et al. [5] and Peeler et al. [6]

shows the same result. Eq. (3) for the case dbeq>dbmax agrees to the

experimental data in the region, Ar>20.87 well, however, Eq. (4)

for the case dbeq<dbmax agrees with the experimental data in the region,
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Ar<20.87 reasonably well. The uc decreases in the region, Ar<20.87,

but increases in the region, Ar>20.87 as temperature increases. As

a result, the type transition in onset condition of turbulent fluidiza-

tion occurs at Ar of 20.87 by type transition of bubble breakup. Ac-

cording to Peeler et al. [6], Ar of 20.87 is the upper limit of Geldart’s

group A/B transition.

This interpretation initially started to understand the published

two opposite temperature effects on uc [7]. However, the uc data

published with variation of temperature in the condition Ar<20.87

are unfortunately rare. Therefore, we could not add more experi-

mental data. We thought that extending the meaning of the bound-

ary value Ar more than present knowledge seemed improper at the

moment because it might get into the wrong discussion. More dis-

cussion based on findings is needed in the future.

CONCLUSIONS

The type transition in onset condition of turbulent fluidization in

gas fluidized beds was investigated to get the relation representing

more precise roles of physical properties of gas and solid particles

on the basis of the model of Choi et al. [7]. The type transition in

onset condition of turbulent fluidization occurs at Ar of 20.87 by

type transition of bubble breakup. The maximum stable bubble diam-

eter (dbmax) is greater than the equilibrium bubble diameter (dbeq) in

the region, Ar<20.87, but dbeq>dbmax in the region, Ar>20.87. There-

fore, the onset of turbulent fluidization is determined in the region,

Ar<20.87, by dbeq and in the region, Ar>20.87, by dbmax as the limit

of bubble growth. The uc decreases in the region, Ar<20.87, but

increases in the region, Ar>20.87 as temperature increases.
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NOMENCLATURE

Ar : Archimedes number, (dp
3
ρg(ρp−ρg)g)/µ

2

dbeq : equilibrium bubble diameter [m]

dbmax : maximum stable bubble diameter [m]

dp : particle diameter [m]

dt : column diameter [m]

g : gravitational acceleration, 9.8 [m/s2]

Rec : particle Reynolds number at the onset condition of turbulent

fluidization, (dpucρg)/µ [-]

Remf : particle Reynolds number at minimum fluidization, (dpumfρg)/

µ [-]

u : gas velocity [m/s]

uc : onset velocity of turbulent fluidization [m/s]

umf : minimum fluidizing velocity [m/s]

ρg : gas density [kg/m3]

ρp : solid density [kg/m3]

µ : gas viscosity [PaÞs]
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