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Hydrodynamics of a Gas-Solid Spouted Bed with a Draft Tube
— Effects of the Tube Shape and Particle Properties —

Hiroshi NAGASHIMA**

Abstract Flow characteristics of a gas-solid spouted bed with a modified draft tube have been investigated experimentally. In this
work, four different types of draft tubes were employed and spherically shaped silica gel particles having low particle density were used
as the bed materials. The flow characteristics were compared with those obtained using spherically shaped glass beads and irregularly
shaped silica sand. The results showed that the conical-cylindrical porous draft tube was the best option for gas-solid contact and solids
circulation, and the gas flow rate through the annulus reached the level of a conventional spouted bed without a draft tube. Also, the
minimum spouting gas velocity, bed pressure drop and gas flow rate through annulus for the silica gel particles were smaller than those
for the glass beads and silica sand. Although the silica gel particles descended in annulus faster than the glass beads because of high

sphericity, the particle density of the silica gel was so small that the solids circulation rate was smaller than that for the glass beads.
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Fig. 1 Schematic diagram of spouted beds with four different
types of draft tube.
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Fig. 2 Schematic diagram of experimental apparatus.

Table 1 Experimental conditions.

Column

inside diameter Dy (mm) : 100

nozzle diameter Do (mm) : 12

cone angle 0 (deg.) : 60

bed height H (mm) : =300

Draft tube (material : brass)
tube length Lp (mm) : 300
distance of entraintment zon H, (mm) : 20, 30, 40
Cylindrical tube

inside diameter Dp (mm) : 14

arrangement of hole : square

opening ratio B (%) : O (non-porous): Type (a)
20 (porous)  :Type (b)

hole diameter : 1mm

Conical-cylindrical tube (bugle type)

inside diameter Dy (mm) : 14—23

arrangement of hole : square

opening ratio B (%) : O (non-porous): Type (c)
20 (porous)  :Type (d)

hole diameter : 1mm

(2)
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Table 2 Properties of particles used.

Dess 0y ¢c  P» Um Rewm U
[um] [ [l kg/m’ [m/s] 1 [m/s)
Silica gel (SG) 1590 1.10 0.872 650 0.36 38 5.1
Glass beads (GB) 1350 1.11 0.781 2480 0.74 67 9.1
Ube silica sand (USS) 1960 1.25 0.427 2560 0.86 112 11.1
* : Calculated values
1
H 300mm
=300mm
ISOmm
Dp=23mm
*H_=30mm |

Fig. 3 Schematic diagrams of spouted bed with a cylindrical
and a conical-cylindrical porous draft tube.
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Fig. 4 Relationship between bed pressure drop and superficial
gas velocity for fluidized bed, conventional spouted
bed and spouted bed with a draft tube.
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Fig. 5 Relationship between bed pressure drop and superficial
gas velocity for four different types of draft tube
spouted bed.
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Fig. 6 Relationship between bed pressure drop and superficial
gas velocity for four different types of draft tube
spouted bed when using SG and GB as bed materials.
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Fig. 7 Relationship between minimum spouting velocity and
minimum fluidizing velocity.
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Fig. 9 Relationship between gas velocities in annulus and

draft tube and superficial gas velocity.
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Fig. 10 Relationship between gas flow rate through annulus
and total gas flow rate for four different types of
draft tube spouted bed when using SG and GB as bed
materials.
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Fig. 13 Relationship between descending particle velocity in
annulus and superficial gas velocity for four different
types of draft tube spouted bed when using SG and
GB as bed materials.
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Fig. 14 Relationship between solids circulation rate and
superficial gas velocity for four different types of
draft tube spouted bed.
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Nomenclature cylindrical part of annulus [m/s]
W : solids circulation rate [kg/s]
A : coefficient in Eq. (1) [kPaes/m’] V4 : longitudinal ordinate [m]
Ay : cross-sectional area of annulus [m’]
Ap : cross-sectional area of draft tube [m’] Greek letters
Ay : cross-sectional area of column [m’] p : opening ratio of perforated draft tube [%]
B : coefficient in Eq. (1) [kPass*/m’] &4 : average void fraction in annulus [-]
D, : diameter of draft tube [m] % : angle of cone base [°]
D, : diameter of spouting gas nozzle [m] My : gas viscosity [Pa-s]
D, : particle diameter (medium diameter) [1m] Pe : gas density [kg/m’]
D; : column diameter [m] Pp : particle density [kg/m’]
g : gravitational acceleration [m/s’] O, : geometric standard deviation [-]
H : bed height [m] : surface factor [-]
Hp, : length of entrainment zone
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