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The effect of temperature on bubble size in gassolid fluidized beds was investigated using two kinds

of cylindrical beds of 147 and 256 mm in diameter each, and spherical glass beads of 272 ^ m in average

size as fluidized particles under the following operating conditions;

excess gas velocity=l —8cm/s,

static bed height =10 —42cm,

and temperature=300 and 600 K.

The following results were obtained.

1. The bubble diameter at 600 K is larger than that at 300 K. However, this difference becomes small

when the excess gas velocity is increased above minimal values.

2. The effect of column diameter on the bubble diameter was scarcely observed. However, as expected,

the larger diameter bed tends to give larger diameter bubbles in the slugging regime.

Introduction

A number of commercial fluidized beds are operated at high temperatures. To facilitate design and

scale-up, it is necessary to know the behavior of fluidized beds at high temperatures. A representative

study on the effect of temperature on bubble size by Yoshida et al.7) showed a tendency for decreasing
bubble size with increasing temperature. Recently, however, Stubington et al.5) reported that in a range of
temperature between 600 K and 1300 K, no measurable change in bubble size occurred although a 5 to

15% decrease in bubble size was found up to 600 K.

In a previous paper3*, the behavior of bubbles in a cylindrical fluidized bed with an internal diameter
of 147 mm was investigated at elevated temperatures.

In the present study, to know in detail the behavior of fluidized beds at high temperatures, two

cylindrical fluidized beds were used-one with an internal diameter of 147 mm and the other with an

internal diameter of 256 mm. Both were equipped with a high speed video-camera system in order to

investigate the behavior of swarms of bubbles.

1. Experimental

1. 1 Bed particle

Spherical glass beads shown in Table 1 were used as the bed material for the experiments. This

particle belongs to "Group B" in Geldart's classification.1* Air was used as the fluidizing medium in all
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Table 1. Particles

dp32
(jjml

Umf (cm/sl density

[g/cm3]300 K 600 K

272 7-0 4-8 2-52

experiments. The volume to surface average size, dp32, was determined by photography. Minimum
fluidizaion velocity, Umf, was obtained from measuring the relationship between pressure drop, AP, and
superficial gas velocity, Uq, at each temperature.

1. 2 Cylindrical fluidized bed

A schematicdiagram of the experimental apparatus for the cylindrical fluidized beds is shownin Fig.
1. One of the fluidized beds is fabricated of stainless steel with an internal diameter of 147 mm. The other

is made of steel with an internal diameter of 256 mm. The smaller bed is composed of one pre-heater
section with four upper cylindrical sections, the larger bed has one pre-heater section and three upper
cylindrical sections. The upper cylindrical sections are removable piece by piece to changethe bed height.
A flat plate of pyrex glass caps the top of the upper most cylindrical section of each bed. Through this
window bubbles erupting at the bed surface can be observed. Both sides of the bed are equipped with
pressurs taps and tubes into which thermocouples are inserted to measure bed temperature. A heater is
fitted in the pre-heater section in which raschig rings are packed to ensure uniform air flow. Jacket

heaters with Kaowool (ceramic fiber) are installed on the outside of the column to offset wall heat losses.

The flow rate of the air from the compressor was measured by a bank of calibrated orifice meters

after oil and water had been removed by an air filter and an air-oil separator. The air from the bed was
discharged through a cyclone and a vent pipe.

•Valve

-- —Orif ice-meter

Air-Oil separator

Air-filter

Compressor

Fig. 1 Experimental apparatus



Behavior of Bubbles in Cylindrical Fluidized Beds at an Elevated Temperature 139

1. 3 Distributor plate

A stainless steel perforated distributor plate of thickness 5 mm was used in each bed. The

distributor for the 147 mm internal diameter bed has 177 holes of 1 mm diameter arranged in square

pitch. The distributor for the larger fluidized bed has 489 holes of 1 mm diameter. The hole to bed area

ratio is about 0.8% for each distributor.

1. 4 Experimental procedure

After a steady state was attained for a given experimental condition, the bubbles were photographed

through the pyrex glass window by a high speed video-camera system (exposure time = 0.6ms, 60

frames/s) and recorded on a VTR.

1. 5 Analysis

The VTR pictures were analyzed to determine the average size of bubbles just before erupting. The

longitudinal and lateral lengths of the bubbles were measured and the average value of both the lengths

was taken to be the eruption diameter. The volume average calculated from these values is regarded as

the average bubble size. In this study, the eruption diameter is for convenience referred to as just "bubble

diameter". About one hundred bubbles were chosen for inspection for a given experimental condition.

2. Results and Discussion

The experimental conditions used are shown in Table 2.

Table 2. Experimental conditions

Static bed height : 10,15,25,30 and 42cm

UG -Umf : 1,2,3,A and 8 cm/s

Temperature : 300 and 600 K

Bed diameter : 1A7 and 256 mm

The minimum fluidization velocity for the spherical glass beads was in the range of the deviation of

± 35% from the correlation of Wen and Yu6) expressed by Eq. (1).

Figures 2 and 3 show the effect of temperature on bubble size distribution for Ug—Umf=4.0 cm/s,
in the 147 mm diameter bed. Under these experimental conditions, about the same bubble size

distributions were obtained at bed temperatures of 300 K and 600 K. In other words, a similar cluster of

bubbles occurred at each temperature.

Figure 4 shows the effect of temperature on bubble diameter for various static bed heights at an
excess gas velocity of 4 cm/s in the 147 mm column. The solid line in the figure shows the relationship
betweenDEr andhs,where DEr is 1.2 times the valueof De calculated by the correlation of Mori and Wen4)
given in Eq. (2).

De=DBm+(Dbo-Dbm) exp (-0.3h/DT) (2)
where DBo=0.347((UG-Umf) A/n)0-4

DBM = 0.652((UG-Umf)A)0-4
The value of h in Eq.(2) was obtained by extrapolation from the relationship between h and A p. It is
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Fig. 4 Effect of temperature on DEr vs. hs relation

apparent from the figure that the bubble diameter at 600 K is larger than that calculated by the

correlation of Mori and Wen, but theory and experiment agree for the 300 K results. Moreover, at the low

excess gas velocities studied, it was clearly found that bubble diameters at 600 K are larger than those at

300 K. This is believed to be caused by an increase in the frequency of bubble coalescences due to an

enhancement in the motion of bubbles in the transverse direction at higher temperature, as was clarified

by observation of the motion of a cluster of bubbles in a semi-cylindrical fluidized bed.2) As the excess gas

velocity is increased, however, the difference in bubble diameters at 600 K and 300 K is diminished. It
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appears that the bubble diameter is less affected by temperature as the excess gas velocity is increased to

attain slugging regimes. This is caused by the fact that coalescence of the bubbles in the transverse

direction is ceased when the gas velocity is increased to some extent.

Figure 5 shows the effects of temperature and column diameter on bubble diameter for a range of

excess gas velocities when the static bed height is kept constant. The solid lines in the figure show the

correlation derived by Mori and Wen. Again, the bubble diameter at 600 K is larger than that at 300 K

even for the 256 mm column. Furthermore, the effect of the column diameter is small at low excess gas

velocity. However, as expected, the bubble diameter in the larger column is larger when the excess gas

velocity is increased to attain slugging.
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Conclusion

Using cylindrical fluidized beds with column diameters of 147 mm and 256 mm, bubble diameters

were measured at 300 K and 600 K. The following results were obtaind.

1) Using spherical glass beads with an average diameter of 272^m, the bubble diameter at 600 K is

larger than that 300 K. However, this differerence becomes small when the excess gas velocity is

increased above minimal values.

2) An effect of column diameter on the bubble diameter was scarcely observed. However, as expected,

the larger diameter bed tends to give larger diameter bubbles in the slugging regime.

Nomenclature

A

Ar

Dbm

Dbo

De

De

DEr

DT

= cross section area of bed

= Archimedes number

= initial bubble diameter at distributor

= maximum bubble diameter due to total coalescence of bubbles

= equivalent diameter of bubble

= volume average equivalent diameter of bubbles

= volume average eruption diameter of bubbles

= bed diameter

[cm]

[cm]

[cm]

[cm]

[cm]

[cm]
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dp32 —volume to surface average diameterof particles byphotographic analysis [/^m]
g = gravitational acceleration [cm/s2]
h = bed height above distributor [cm]

hs = static bed height above distributor [cm]
n = number of orifices in distributor plate [-]

AP = pressure drop [Pa]
UG = superficial gas velocity [cm/s]
Umf = minimum fluidization velocity [cm/s]

Pi = density of fluid [g/cm3]
pp = density ofparticle [g/cm3]
fj. = viscosity of fluid [Pa*s]
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