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Research on intensification methods for atmospheric packed-bed combustion of
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Abstract: [Objective] Online atmospheric-pressure laser-ignition calorimeters perform effectively in measuring
high-quality coals with low ash content and relatively high calorific values. However, for high-ash, difficult-to-burn
coals, an insufficient burnout ratio severely restricts measurement accuracy. Therefore, there is an urgent need to
explore efficient atmospheric combustion intensification methods to improve the burnout ratio of coal samples
during instrument operation and expand the fuel adaptability of the instrument. [Methods] Based on the existing
calorimeter architecture, an atmospheric combustion experimental testing system was established. A diverse set of
pulverized coal samples encompassing various coal quality parameters was selected to comparatively study the
effects of different intensification techniques on the combustion and burnout characteristics. The investigated
methods included the regulation of the oxygen flow rate and jet velocity, the addition of a thermal insulation layer
around the crucible to minimize heat dissipation, and the introduction of a novel active mechanical agitation device.
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Specifically for the mechanical agitation strategy, which utilizes a tiltable and rotatable crucible, a multi-parameter
coupled optimization was conducted using an orthogonal experimental design to systematically evaluate the
interactive effects of critical operating parameters. [Results] The experimental research indicates that conventional
approaches, such as oxygen parameter regulation and thermal insulation, yield very limited improvements in the
burnout ratio of high-ash coal samples, as they fail to eliminate the oxygen diffusion barrier. In contrast, the active
mechanical agitation strategy based on continuous crucible tilting and rotation proved to be highly effective.
Through the orthogonal experiment optimization, the optimal operating conditions were precisely determined to be
a crucible tilt angle of 45< a rotation start time of 60 s, which corresponds to the early stage of the main combustion
process, and a rotation speed of 30 r/min. Under these specific conditions, the continuous mechanical tumbling
dynamically and effectively disrupts the formation of the dense ash shell structure, thereby significantly intensifying
gas-solid contact between the unreacted carbon particles and the oxidizing atmosphere. [Conclusion] The
combustion intensification method driven by the mechanical agitation of the tilted and rotating crucible expands the
applicable fuel range of this calorimeter from the original high-quality coals (ash content <10%, calorific value >
25 000 J/g) to a much broader spectrum of coals (ash content <60%, calorific value >11 000 J/g). This research
significantly enhances the coal type adaptability of the instrument and provides an efficient and reliable technical
pathway for the design of atmospheric online calorimeters.
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Fig.1 Schematic of the pulverized coal combustion
characteristics experimental system
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Fig.2 Schematic diagram of the combustion chamber with a
tiltable and rotatable crucible
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Tab.1 Parameters of raw coal and coal gangue for power

plants
e i/ ERZ 0
GO wa(MY%  Waa(AV%  Waa(V)I%  Wag(FC)/%
nl 27133 1.98 21.21 8.69 68.12
n2 24 647 12.78 10.01 27.12 50.09
n3 30 287 2,59 12.48 751 77.42
n4 17 652 1.47 42.26 18.36 37.91
n5 20 246 15.73 15.28 24.67 44.32
né 4096 1.30 86.23 3.37 9.10
n7 5292 173 82.05 437 11.85
n8 3723 2.00 80.86 459 12.95

w2 RMHEREH

Tab.2 Parameters of pulverized coal samples

T Tk b
G waa(M%  WaalAN%  Waa(V)%  Waa(FC)/%
HRE1 10731 4.49 58.56 13.19 23.76
HRE2 12401 5.38 52.13 16.14 26.35
BEFE3 20543 3.65 30.65 25.90 39.80
R4 23501 2.55 30.12 3.69 63.64
WFES 10945 2.20 62.81 2.88 3211
JFE6 15087 2.22 53.27 3.09 41.42
BERET 19175 2.31 4254 3.76 51.39
BRE8 27133 1.98 21.21 8.69 68.12
EE9 30287 2.59 12.48 751 77.42
MHERE 10 17652 1.47 42.26 18.36 37.91
R 11 11581 6.66 47.04 29.86 16.44
MHRE 12 20246 15.73 15.28 24.67 44.32
MERE 13 26585 2.86 20.89 5.42 70.83
FERE 14 26 606 3.15 18.24 10.47 68.14
MERE 15 25673 5.85 15.76 15.59 62.80
MERE 16 24551 9.06 12.62 2281 5551
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Fig.3 Burnout ratio and CO mass of coal samples under
different coal quality parameters
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Fig.4 Evolution of combustion patterns of coal samples
under low oxygen flow rate conditions
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Fig.5 Influence of oxygen flow rate on combustion
characteristic time parameters and peak temperature
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Fig.7 Photographs of three oxygen nozzles
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temperature and crucible bottom temperature
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1 60 35 15
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Tab.4 Scheme of orthogonal experiments

il A B C R 1%
1 1 1 1 90.66
2 1 2 2 95.83
3 1 3 3 96.64
4 2 1 2 90.87
5 2 2 3 95.83
6 2 3 1 97.20
7 3 1 3 89.87
8 3 2 1 95.39
9 3 3 2 96.41

=5 MESHER
Tab.5 Range analysis results
ZH A B C
K1 94.38 90.47 94.42
K2 94.63 95.68 94.37
K3 93.89 96.75 94.11
R 0.74 6.28 0.31
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Fig.12 Comparison of burnout ratios for six coal samples
under different combustion conditions
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