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Numerical study on heterogeneous reaction characteristics of coal char particle
group combustion
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Abstract: The reaction of coal char is a unique feature of pulverized coal combustion, which is differed from that of gas or
liquid fuels combustion. Since the heterogeneous reaction process accounts for about 90% of the entire time for pulver-
ized coal combustion, it is very important for the efficient utilization of pulverized coal. In general, pulverized coal
particles are carried into the furnace in the form of dense phase rather than sparse phase or single particle, and the interac-
tion between particles will affect the heterogeneous reaction of coal char. Therefore, it is necessary to deepen the under-

standings on the heterogeneous reaction behavior of coal char particles for the efficient utilization of pulverized coal. This
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study carries out a two-dimensional numerical simulation with the pseudo-steady state approach to study the reaction char-
acteristics of coal char particle group. Firstly, the reaction characteristics of coal char single particle and coal char particle
group are analyzed by the comparison, compared with the single particle, the peak temperature of the particle group in-
creases by about 300 K, the surface temperature of the particle decreases by about 100 K, and the carbon consumption rate
decreases by 56%—65%, which indicates that the interaction between particles affects the combustion reaction process of
coal char particles. Then, the combustion characteristics of the coal char particles dispersed with three typical modes are
studied. With the increase of particle spacing, the proportion of coal char oxidation reaction in each dispersion mode in-
creases by 0.22%—2.20%, and the carbon consumption rate increases by 9.8%—26.1%. A larger particle spacing is benefi-
cial to the diffusion of O, molecules between particles, and the oxidation reaction and carbon consumption are promoted.
Finally, the reaction characteristics of coal char particles under different reaction atmospheres are explored. Compared
with the air cases, the peak temperature of the particles under high CO, and H,O concentration atmospheres increases by
49%—30%, and the surface temperature of the particles increases by 0.5%—3.7%, among which the carbon consumption rate
under the condition of 30% O,/70% H,O0 is the largest, which is 80% higher than that under the air atmosphere. By com-
prehensive comparison, the order of carbon consumption rate of coal particles dispersed with three modes under the condi-
tions of interaction between particles, particle spacing and reaction atmosphere is as follows: Mode C > Mode B > Mode A
(Mode A: particle group is rectangular dispersed; Mode B: particle group is diamond dispersed; Mode C: particles are dis-
persed in a regular triangle). Thus, the disturbing effect between the particles and the air flow on the consumption of coal

char cannot be ignored.
Key words: heterogeneous reaction; coal char particle group; combustion; particle temperature; char consumption rate
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Fig.1 Three typical distribution types for coal char particle group
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Fig.2 Geometry model and the meshing scheme

CO, +H, — CO+H,0 3)
C+CO, — 2CO (4)
C+0.50, — CO (5)

C+H,0 — CO+H, (6)
C+0, — CO, (7)

R I 3 2 I R k, TR 1
JrEHHE: k= A Trexp(~r ) U, A K IR LG
T n RS T4 5 IR S Ea I 1 B
R AR, A5 SCR 0 20 3092 B4
%1,

x1 BENIHZSHOM

Table 1 Kinetic parameters for the reactions'?* %!

SRR A, n Eal(10%7 « kmol™)
1 2.74x10° m*/(kmol - s) 0 0.836 8
b3 2.24x10"2 m>®/(kmol®” - 5) ¢ 1.673 6
3 9.98x10'% m*/(kmol - s) 0 1.2050
4 4.605 m/(K - s) 1 17510
5 300 700 m/s 0 1.493 7
6 11.25 m/(K - s) 1 17510
7 593.83 m/(K - s) 1 1.496 5

1.4 BREHE

A 1 N3 AT (Velocity inlet), i# %
Wb 5 0.27 m/s, XT3 A9 5 54X Re 294 100071,
T DR B R T (Pressure outlet), B ]
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A AE R RE T b, PRSI B AR 1 400 Ko AR 5
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Table 2 Summary of the considered cases

T SSORL/ ORI ASURLE]FE UK
1 PLIORL — 21% 0,/78.9% N,/0.1% H,0

2~4  JRIEEA/B/C 0.5D 21% 0,/78.9% N,/0.1% H,0

5~7  FURLfFA/B/C D 21% 0,/78.9% N»/0.1% H,0
8~10  WiKi#EA/B/C 1.5D 21% 0,/78.9% N,/0.1% H,0
11~13  JkifEA/B/C D 21% 0,/78.9% CO, /0.1% H,0
14~16 BURRFA/B/C D 21% 0,/78.9% CO, /0.1% H,0
17~19  JkiFtA/B/C D 21% 0,/79% H,0
20~22  WUKIAEA/B/C D 30% 0,/70% H,0
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and the literature
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Fig.3 Temperature contours of the single particle and particle group combustion
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Fig.4 Comparison between the char single particle and particle group combustion
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Fig.5 Particle group combustion with the different the distances between the particles
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Fig.6 Contribution of each heterogeneous reaction for the particle group combustion with the different the distances between the particles
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Fig.7 Particle group combustion under different atmospheres
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