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Abstract—A two-stage swirl-flow fluidized bed combustor(FBC) has been devised to increase the combustion effi-
ciency. The combustor consists of a first stage and a second stage with overflow drain, respectively. The combustion
gas, including fine particles from the first stage, is tangentially introduced into the second stage through 4 nozzles,
which are inserted into holes drilled in the second stage distributor, and secondary air is axially introduced through
multiorifices drilled on the upper plate of the second distributor. The second stage is equivalent to a “‘axial-plus-tangen-
tial entry swirl generator”, so that fine particles in the second stage are thrown to the wall under the influence of centri-
fugal forces in the swirl-flow,decended, collected on the second distributor, fluidized by the secondary air, and burnt
within the second stage. Hot bed tests are carried out using low-grade anthracite (gross heating value = 2,810kcal/kg,
particle diameter <2 mm).

Due to the effect of swirl-flow, the amount of fines elutriated and the unburned carbon loss are considerably reduc-
ed in the two-stage swirl-flow FBC as compared with the same size single-stage FBC. Combustion efficiency is increased
by about 20% as compared with the same size single-stage FBC.
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Fig. 1. Schematic flow diagram of experimental

apparatus.
1. Compressor 2. Air preheater
3. 1st air distributor
4. Ash overflow tube and hopper
5. Coal hopper 6. Screw feeder
7. Swirl generator 8. Cyclone
9. Bag filter 10. Cooling water line

11. Air filter

12. Variable speed motor

13. Regulator 14. Sampling line
15. Thermocouple 16. Pressure tap
17. Gas analyzer
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Table 1. Experimental conditions

LS4 - A

Table 2. Compositions of Borim coal

Variables Conditions

Proximate analysis(wt.%) Ultimate analysis(wt.%)*

Bed temperature 1st stage T,,1 =900°C
2nd stage Tl,2= 900°C
Superficial gas velocity 1st stage U, = 0.9-1.5m/sec
2nd stage U,,2= 0.27m/sec
1st stage Hy; =20cm
2nd stage Hy, = 10cm
1st stage F;, =120-200 {min
2nd stage Fa,- 35 //min
F,=37.47-58.33g/min
A =120

Fluidized bed height

Air flow rate

Coal feed rate
Stoichiometric air ratio
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Moisture 1.83 C 34.39
Volatile matter 5.79 H 0.70
Fixed carbon 36.33 (0] 4.18
Ash 56.05 N 1.46
Calorific value 2810 S 2.18
(Gross, kcal/kg) Ash 57.09

*dry basis
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Fig. 3. Size distributions of coal fed through
screw feeder and of ash after combustion
in electric furnace.
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Table 3. Combustible loss and CO concentration.
in flue gas from the single-stage fluidiz-
ed bed combustor(T, =900°C)

U, F, Combustible loss rate(g/min) CQ
(m/sec) (g/min) bed drain carry-over total (PPM)
09 3747 0.55 4.92 5.47 425
1.1 44.42 0.53 6.36 6.89 400
1.3 51.39 0.57 8.12 8.69 430
1.5 5833 0.49 9.95 10.44 440

T”l : bed temperature at 10 cm above distributor
U,: superficial gas velocity
F.: coal feeding rate
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Table 4. Data of carry-over in the single- and in.the two-stage swirl-flow fluidized bed combustor(T,, =

900°C)
Us F. Single-stage Two-stage
(m/sec) (g/min) carry-over carry-over drain from 2nd bed total
rate(g/min) CA%)* rate(g/min) Cd%) rate(g/ min) Cd%) (g/min)
0.9 37.47 11.91 41.29 6.85 31.03 3.58 6.49 10.43
1.1 44.42 15.44 41.21 9.21 31.52 4.60 6.74 13.81
1.3 51.39 19.55 41.55 12.82 31.32 4.96 6.91 17.78
1.5 58.33 24.32 40.92 16.99 30.25 5.08 6.66 22.07
+: combustible content
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