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Numerical Study on the Devolatilization models of Pulverized
Coal in DTF

Jin Nam Kim, Ho Young Kim

ABSTRACT

In order to evaluate the devolatilization models of pulverized coal, various
devolatilization models are examined for the numerical analysis of Drop Tube Furnace.
The results of analysis are compared with the experimental results. A numerical study
was conducted to explore the sensitivitics of the predictions to variation of the model
parameters. [t helps to elucidate the source of the discrepancies. Three different wall
temperature conditions of the DTF, 1100, 1300 and 1500C were considered in this
analysis. Two fuels are US. A, Alaska coal and Australia Drayton coal. The results of
analysis with constant rate model, single kinetic rate model and two competing rate
modes well presented fast volatile matler release in the early devolatilization. However,
in the latter devolatilization they did not coincide with experimental results which
presented tardy volatile matter release on account of pyrolysis of high molecular
substance. On the other hand, the results of analysis with DAEM(Distribute Activation
Energy ModeD coincided with experimental results in overall devolatilization,

Key Words @ Devolatilization, Constant rate model, Single kinetic rate model, Two
- competing rate model, Distributed activation energy model
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A arrhenius coefficient

C, specific heat at constant pressure
E activation energy

k  thermal conductivity

m,, mass of particle

gas phase
particle phase
standard deviation
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Fig. 1 Schematic diagram of furnace

Table. 1 Operating condition of furnace

Volume flow rate} 0.5 liter/min
Primary Mean velocity | 0.663 m/sec
Gas
Temperature(C) 80
Volume flow rate| 2.0 liter/min
Secondary Mean velocity | 0.018 m/sec
Gas
Temperature(C) 900
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Table. 2 Characteristics of coals

i Ultimate analysis{wt.%, Dry Ash Free Basis)
\\ Carbon Hydrogen Nitrogen Sulphur Oxygen
Alaska 68.82 6.18 1.27 0.65 23.08
Drayton 79.33 554 1.87 0.59 12.67
“~ Proximate analvsis{wt.%, Air Dry Basis) Calorific
\\\ Value
- Volatile Moisture Fixed carbon Ash (kcal/kg)
Alaska 49.39 10.05 31.49 818 6050
Drayton 31.82 453 ) 5261 11.04 6920
m,= A el A ekl up = o7b 4 71 ke BHEE ATEA TSI 2ol #
Bl &5 gpoin PR ol g 88 o Ea
ofch gelsh AAY W nelds W LEY k= Ajexp(= E/RT,) ®
21 g3 2
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Table. 3 Fraction of volatile

Wall Temperature Fx’\a}ztlgxleof
1100 0.658
Alaska 1300C 0.7
1500C 0.758
1100°7C 0.468
Drayton 1300°C 0.495
1500°C 0.579

Table. 4 devolatilization model parameters

Constant (s™)
Case A 12
Pre-exponential Activation
factor(s ") Energy(J/Kmol)
Case B 8.36% 10 7.4%10
Case C 55% 10° 787x10°
Case D 20% 10 494107
Case E 2.3%10* 2.303x 10°
Ay Ay an Ei, B, az
Case F 2% 10° 1.046x 10°
1.3x 10 1.674 % 10°
0.3 1.0
Case G 37%x10° 74%10"
1.5x% 10" 251x10°
0.421 0.9
Standard Mean activation
deviation Energy(J/Kmol)
Case H 1% 108 3.15x 108
Case I 2.93% 10" 2.12x10°%
A vy ¥eE ®d (Case B ~ E )

[1210131014](15}, 271X19) 2-F A& =2 (Case
F, G16]3] 283 27149 DAEM (Case H, I
M7i0181E Argsled Aatsigdoh 2 Zdd A
T+ Table. 49 2t}
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