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Pyrolysis Model of Single Biomass Particle in Stratified Downdraft Gasifier
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Abstract:In the present study,a mathematical model to describe pyrolysis of single biomass particle in flaming pyrolysis zone of
downdraft gasifier was developed by heat transfer equation coupled with the chemical kinetics equations. A tridiagonal matrix
algorithm ( TDMA ) method was used for solving the heat transfer equation, and the Runge-Kutta 4th order method for the
chemical kinetics equations. The simulated results, which calculated by the present model in oxygen-free atmosphere and flaming
pyrolysing zone, were in good agreement with published experimental results. The pyrolysis of biomass particle in the flaming
pyrolysing zone was investigated by the model. The results show that in the flaming pyrolysis zone of stratified downdraft gasifier,
convective heat transfer coefficient(hy) and emissivity coefficient(g) are 80.4 W/( m’+K) and 0.792, respectively. The trend
of temperature change inside particls is contrary to that of the particle surface. The average flaming pyrolysis time is 16.52% ,
which is shorter than that in oxygen-free atmosphere. The heating rate in the particle of the flaming pyrolysis zone was 182.5 K/min,
which was close to fast pyrolysis reaction. With the increaseing of flaming temperature , flaming pyrolysis time reduced, residue
gradually reduced from 16. 92% to 13. 97%. With the increasing of particle diameter, pyrolysis time and char yield also
increased. The depth of flaming pyrolysis zone was 6.59 —44.1 mm,which equals to 1.1 -2.2 diameters.

Key words : stratified downdraft gasifier; pyrolysis model; flaming pyrolysis zone; single biomass particle
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Table 1 Values and correlations of physical parameters used in the model

28 parameters B a2 3 values or equation 2 ik reference
AHE HEH wood specific heat/(]-kg’l-K’l) Cps=1112.0+4.85(T—273) [16]
7% L charcoal specific heat/(J+-kg ™' K1) €, =1003.2+2.09(T-273) [16]
AW 5 S A SK biomass thermal conductivity/ (Wem ™' -K =) k,=0.13 +0.0003 (T -273) [16]
R FINZEEL charcoal thermal conductivity /(W-m ™' -K ") k.=0.08 -0.0001 (T -273) [16]
S #4 heat of reaction/ (J-kg -1 ) AH = -255000 [16]
WG] 1y %5 BE initial density of biomass/ (kg+m ~3) po =650 [17]
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Table 2 Comparison of oxygen-free pyrolysis time with flaming pyrolysis time

HA2/mm TCA ISR 0]/ 5 H GRS ]/ s A 224/ %
diameter oxygen-free pyrolysis time flaming pyrolysis time relative difference
6 35 27 22.9
8 47 38 19.1
10 61 50 18.0
12 76 63 17.1
14 93 78 16.1
16 112 96 14.3
18 131 114 13.0
20 154 136 11.7
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Fig.3 Temperature profile in flaming pyrolysis Fig.4 Residual mass fraction profile in flaming pyrolysis
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Table 3 The depth of flaming pyrolysis zone
D ‘ RIS 5 AT D 1/
UKL A%/ mm IR /s depth of flaming pyrolysis zone at different gasification intensity
diameter pyrolysis time
300 kg/(m?-h) 400 kg/(m?+h)
6 27 6.59 8.74
8 38 9.27 12.3
10 50 12.2 16.2
12 63 15.4 20.4
14 78 19.0 25.3
16 96 23.4 31.1
18 114 27.8 36.9
20 136 33.2 44.1
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