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Fig. 1. Fluidized bed with a draft tube
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Table 1. Summary of test conditions for circulating fluidized bed with a draft tube

Autors Bed dia. Draft Distributor* * Solids
[Ref.] D. DiXHs;  DyD. Annulus dp (ps) Us/Uw  Uo/Uni™ W
[m] fm] Draft [mm] {kg/m*} [kg/s)
Ishida and Shirai 0.28* 0.028x045 010 F alumina 0-1.0 - -
{15] Perforated 0.34
LaNauze [25] 0.30 0.15X06 050 F sand 0-15 16 15.7
020X12 067 Perforated 0.17 (2630)
catalyst
0.07 (900)
Yang and Keairns 0.286* 0.096x12 034 F,C polyethylene 0-1.0 11 32
[55,56] ND=25 2.8 (907)
epoxy shpere
2.8 (210)
Judd et al. [19] 05 0.15x15 030 C,RS sand 0-1.0 13 103
Tuyer 0.64 (2480)
Bolten and 0.285 0.186X037 065 C vermiculite 0-45 30 10
Davidson[6] Perforated 0.2 (384)
Song et al. [45] 0.3 0.096x03 032 F,CRS sand 0-1.6 20 31
0.096 <0.6 Bubble cap 0.3 (2620)
Yang and Keairns 0.22* 0.029 013 F sand 1.0 45 0.69
[581 ND=15.7 0.61
Claflin and Fane 0.3 00508 017 C wheat - - -
[11] 0.08X0.8 027 ND=50 3.5
Tsuchiya [50] 0.1 0.02x215 020 C iron powder 0.0 128 0.20
ND=20 0.15, 0.21,
0.27 (7680)
Uemura et al. [51] 0.1 0.02 020 C glass bead 0.0 16 0.12
ND=20 0.21,0.28,
0.08, 1.54
Muir ef al. [37] 0.2* 0.023%x06 012 C sand 0-0.9 75 1.26
0.040X06 020 ND=27 1.02 (2560)
Milne et al. [34] 0.2* 0.031X09 016 C sand 0-14 83 0.45
0.044x09 022 ND=26 0.61,1.31

* : Semi-cylindrical bed, + :2-dimensional, + + : Annulus base: F=flat, C=conicial, RS=ring sparger, Draft
gas supply: ND=nozzle diameter [mm], **: maximum operating gas velocity
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Table 2. Measuring methods of particle velocity

Bed matrial  d, [mm] p, [kg/m®] Tracer Method References

Sand 0.61 2620 Particle (16 mm) Stop watch [56, 57, 58]

PE bead 238 907 Radio pill (13-25 mm)

Sand 0.17 2630 Radio pill (20 mm) Aerial [25]

Sand 0.64 2480 Radio pill (6 mm) Scintillation counters [19]

Sand 0.1 2600 Particle gluing a tiny y-detector [29]
Co® source on a fuel grain

Vermiculite 02 384 Metailic pill Two coiles wrapped (6]
around the annulus

Sand 041 2636 Particle dyed with a Camera & UV [35]
fluorescent sulpur based dye filter

Alumina 0.16 1540 Particle treated with Optical fiber probe [24]
fluorescent dye

Sand 0.34 2600 Heated sands Thermistor probes [10,45]

Iron powder 7680 - Solids separation [16,50,51]

glass beads device and load cell

Alumina 0.16 1540 - Measuring box, Wedge-  [23]

shaped 200 mesh gauz net
Sand 1.02 2560 - Mechanical screen [4,37]
weighing separator
Sand 0.6 2480 - Probe fitted with a [17]

pivot rod and a strain
gauge (can be operated
at hot conditions)
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Table 3. Applications of circulating fluidized bed with a draft tube to the various chemical processes

Process [Ref.] Dimensions [m] Draft [m] Solid Distri- Bed matrial Remarks
D, X height DiXHy feeding  butor** dia [mm]
Coal devolatilization 0.3X6.1 0.096X18 Bottom* F & C sand Design procedures
[56] 0.75
Hydrocarbonization of 0.1X15 0.02X0.74 Bottom* F coal Coal feed=4.5kg/h
coal [60] Nozzle 0.16
Gasification of Black 0.4X3.0 0.2 Wall F char Solid residence time can
shale [3] Nozzle 05 be prolonged by
adapting the slit type
annulus
Gasification of fine 05X%X4.3 0.15X15 Wall C,RS sand Pilot scale test;
coals [19] Tuyers 0.64 coal feed=40-100 kg/h,
H,/CO=1-3
Ultrapyrolysis of 0.2X1.65 0.04X0.6 Gas phase C sand Model to predict reactor
propane [46] reaction Nozzle 1.03 performance

* : pneumatic feeding, ** : same in Table 1
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SiehFig. 1. YAEVEES AT 5 Aok
LaNauzed) 29e Rise Agaor 2o}
s BH3hE ols Prie] uA B ) Uh-§y ol 99
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Table 4. Comparison of generating efficiency

Technology Net efficiency (% LHV)
PF+FGD 383
CFBC 39.1
PFBC 40.8
IGCC 417
BCTC (CFBC) 464

PF+FGD : Pulverized fuel with Flue Gas Desulphuri-
zation; CFBC : Circulating Fludized Bed Combustion;
PFBC : Pressurized Fluidized Bed Combustion;
IGCC : Integrated  Gasification Combined Cycle;
BCTC (CFBC) : British Coal Topping Cycle-CFBC Op-
tion; LHV : Lower heating value

Net efficiency =generated electrical energy/energy in
the coal
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:wall area [m?]
Cps : drag coefficient on a single particle

D. :diameter of main column [m]
D; :diameter of draft tube [m]

d, :mean diameter of particle [mm]
f, :Fanning friction factor

f, :solid friction factor ‘

g. :gravitational acceleration [m/sec?]

L :height of draft tube [m]

AL : distance required to acceleration [m]

H :bed height [m]

Hy :total height of draft tube [m]

Hy :total height of draft tube [m]

P :pressure [N/m?]

S :cross-sectional area [m?]

U :superficial gas velocity [m/sec]

U, :incipient fluidizing gas velocity [m/sec]

Up : minimum fluidization gas velocity [m/sec]

U :terminal velocity of the solid particle [m/sec]

V  :solid particle velocity [m/sec]

vg :net upward superficial particle velocity [m/s]

W, : solids circulation rate based on the annulus area
[kg/m?/sec]

W, :solids circulation rate based on the draft tube
area [kg/m?/sec]

W, :total solids circulation rate [kg/sec]

Jg|A0q

g :voidage at incipient fluidization

¢ :bubble voidage

u  :viscosity of the fluid [kg/sec/m]

p :density of the fluid [kg/m%]

po :bulk density at incipient fluidization [kg/m®]
ps :density of particle [kg/m¥]

t  :shear stress at the wall [kg/m?*]

®s :sphericity of solid particles [ —]

SH XL
a :annulus side
d :draft tube side
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