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Abstract — The combustion characteristics of mixture of anthracite and bituminous coal were studied in a fluidized bed
(0.155 m-LD., 2.2 m-height). The pressure fluctuations were measured by a pressure transducer under the various operating
conditions. The properties of the pressure fluctuations, such as the standard deviation of pressure fluctuations, static pressure,
cross-correlation function, dominant frequency and the power spectral density function, were obtained from the statistical anal-
ysis. The pressure fluctuation properties, particle size distribution of ash and composition of flue gas were measured to inter-
pret the combustion characteristics in a fluidized bed combustor of uniform or multi-sized particles of mixed anthracite and
bituminous coal have been compared with the particle size distribution, anthracite mixing fraction. From this study, the com-
bustion characteristics of mixed fuels in a fluidized bed combustor could be interpreted by using standard deviation of pressure
fluctuation and power spectrum distribution.
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Fig. 1. Experimental facilities and flue gas analysis system.
1. Fluidized bed combustor ~ 12. Air compressor
2. Preheater 13. Regulator
3. PID temp. controller 14. Air filter
4. Digital multithermometer  15. Flow meter
5. Pressure transducer 16. Screw feeder
6. Power supplier 17. Hopper
7. Amplifier 18. Condenser
8. Personal computer 19. Filter
9. Cyclone 20. Flue gas analyzer
10. Monometer 21. Gas chromatography

11. Vibrating discharger
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Table 1. Experimental conditions

Operation variables Operating range
Inlet air velocity(m/sec) 0.304
Initial in-bed particle size(mm) multi-sized
Operating tempertature(°C) 900
Aspect ratio(L/D) 1
Anthracite mixing fraction 0.0-1.0
Excess air(%) 19.24
Anthracite feeding rate(kg/hr) 0.27-6.74
Bituminous feeding rate(kg/hr) 1.85-2.55

Pressure fluctuation properties 0.05,0.10,0.15,0.20

measuring position(above distributor, m)

Table 2. Proximate analysis of coals

Moisture Volatile matter Ash Fixed carbon
(wt%) (Wt%) (wt%) (Wt%)
Anthracite 1.80 6.48 64.75 26.97
Bituminous 6.74 27.38 8.38 57.19
Table 3. Ultimate analysis of coals(wt%, dry basis)
C H N (0] S
Anthracite 30.0 0.71 0.34 4.24 0.31
Bituminous 72.3 4.30 0.36 11.70 0.21
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Fig. 2. Size distribution of coal samples.
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Fig. 3. Effects of measuring height on mean pressure in the coal com-
bustor with the variation of anthracite coal mixing fraction.
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Fig. 4. Standard deviation of pressure fluctuations for the size distribu-
tion of jetsam with superficial gas velocity.
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Table 4. Size distribution of cold test samples

Cumulative weight percentage

Particle size(mm)

PMMA Sand(narrow) Sand(wide)

0.058 3
0.069 13
0.081 17
0.097 6 26
0.115 16 35
0.137 29 45
0.163 44 56
0.193 60 66
0.230 74 12 74
0274 84 17 81
0.359 91 26 89
0.508 95 48 95
0.715 98 100 100
1.016 100
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the operation time(anthracite coal, 0.304 m/sec, Ea=20%).
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f : frequency [Hz]
G,(f)  :power spectral density function [kPa]

: gravity acceleration [m/sec?]

g
h : bed height [m]
P : pressure [kPa]
R(t) :auto-correlation function [kPa}
8] : superficial gas velocity [m/sec]
U,r : minimum fluidization velocity [m/sec]
Hy : mean pressure [kPa]
T : obervation time [sec]
S.D. : standard deviation [kPa]
t : time [sec]
X(t)  :simple time history at time t
L : bed voidage at minimum fluidization
Ps : bulk density [kg/m®]
Py : particle density [kg/m?)]
o] : sphericity
T : time [sec]
oz
1.Fan, L. T., Chen, Y. M. and Lai, E S.: Powder Technol., 61, 255
(1990).
2. Abdulrahim, A. A. and Noor Wali, M. M.: Powder Technol., 76, 185
(1993).
3. Saena, S. C. and Jadav, S.: Powder Technol., 36, 61(1983).

4. Puncochar, M., Drahos, J., Cermak, J. and Selucky, K.: Chem. Eng.

10.

11

12.
13.

14.

Commun., 35, 81(1985).

.Hong, S. C., Cho, B.L., Doh, D. S. and Choi, C. S.: Powder Tech-
nol., 60, 215(1990).

.Cha, W.S., Hong, S.C.,, Oh, K.J. and Doh, D.S.. HWAHAK
KONGHAK, 30, 641(1992).

. Bendart, J. S. and Piersol, A. G.: “Random Data.’ John Wiley, New
York(1971).

. Cooper, G. R. and McGillem, C. D.: “Probabilistic Methods of Sig-
nals and System Analysis;,” Holt, Rinehart and Winston Inc.(1971).
.Jang, H. T., Cha, W.S. and Doh, D. S.: HWAHAK KONGHAK, 30,

64(1996).

Sotlrchos, S. V. and Amundson, N. R.: Ind. Eng. Chem. Fundam., 23,
191(1984).

. Tanaka, 1., Shinohara, H., Hirosue, H. and Tanaka, Y.. J. of Chem.
Eng. of Japan, 5, 51(1972).

Kato, T. and Wen, C. Y.: Chem. Eng. Sci., 24, 1351(1969).
Svoboda, K. and Hartman, M.: Ind. Eng. Chem. Process Des. Dev.,
20, 319(1981).

Poersch, W., Bahnen, R. and Wagner, R. : 10th Int. Conf. on Fluid-
ized Bed Combustion, Atlanta GA, April, 1175(1988).

HWAHAK KONGHAK Vol. 37, No. 6, December, 1999



