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ABSTRACT  During<the operation of pulverizing systems in power plants, the high ambient temperature creates
conditions where Goalydust‘deposited on equipment surfaces is prone to thermal runaway. When these self-ignited coal dust
particles are lifted by aicflow, a significant risk of combustion and explosion is posed. To reveal the process and mechanism
of dust cloud explosiondinduced by airflow entrainment, this study constructed an experimental setup capable of monitoring
coal dust self-ignition, dispersion into a dust cloud, and subsequent ignition and explosion. Subsequently, research was
conducted on the self-ignition process and characteristic parameters, critical conditions for entrainment-induced explosion,
explosion behavior, and underlying mechanisms. The experimental procedure involves first placing the coal powder on a
high-temperature flat plate, then using high-pressure airflow to entrain the coal powder into the air under various spontaneous
combustion conditions, and subsequently observing the phenomena of spontaneous combustion, explosion, and their
transitions. The results indicate that thermal conduction and oxidative heat release are the primary causes of high-temperature

spot migration in the self-ignition process of deposited coal dust, with the high-temperature point moving upward from the
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hot surface and then downward. As the deposition thickness increases, both the peak temperature and the duration of the
combustion propagation and decay stages increase, reaching 538°C, 510°C, 810 s, and 1520 s for thicknesses of 8 mm and 10
mm, respectively. The degree of self-ignition and the mass of coal dust significantly influence the occurrence of explosions,
with the central temperature representing the self-ignition level. When the central temperature of the coal dust layer ranges
from 280°C to 420°C, the entrained coal dust can trigger an explosion. As the central temperature increases, the flame
propagation speed first increases and then decreases, while the particle size and surface smoothness of the solid residues
decrease. The flame propagation speed of the explosion is the largest at a mass of 6.0 g and a central temperature of 340 C,
which is 4.76m/s. Additionally, the explosion intensity initially increases and then decreases with the increasing coal dust
mass, the maximum flame length and flame area occurring at 6.0 g, measuring 26.81 cm and 301.4 cm? respectively. A
lower dust mass results in insufficient combustible particles, leading to a decrease in flame intensity, whereas a higher dust
mass limits combustion due to inadequate oxygen supply. Furthermore, the combined effects of heterogeneous combustion of
carbon particles and homogeneous combustion of volatiles such as CO and H, are the primary trigger, mechanisms driving
the explosion of deposited coal dust. The homogeneous combustion of combustible gases ignites coal’ dust particles, further
promotes the pyrolysis and combustion of coal dust, produces more combustible gases, and/strengtliens‘the explosion process.
When the coal dust is at a low concentration and low spontaneous combustion degreée, the.combustion and explosion are
dominated by heterogeneous combustion. Additionally, the coupling of these two ignition ‘mechanisms will also lead to
incomplete combustion, secondary ignition, and multiple ignition sources. This, study, provides a theoretical basis for the

prevention and control of spontaneous combustion-induced explosion hazards imindustrial pulverizing systems.

KEY WORDS deposited coal dust; temperature evolution; coal dust cloud ignition; flame propagation; trigger mechanism
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(D-Heating furnace: (@-Temperature controller; (3)- Gas Chromatograph Interface ;: @-Valve; G-

Viewing window; (©-Solenoid valve; (D-Pipeline; ®-Electric wire; ©@-Gas cylinder; (0-Nozzle;

(1D-Hot plane; (2-Reflector; (13)-High-speed camera; (4)(5)-Heating rod; (16)-Thermocouple; (17)-
Signal wire; (18)-Data acquisition instrument; (9)-Pressure gauge
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Fig.1 Coal dust ignition and explosion test system
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Table 1 Industrial and Elemental Analysis of Coal

Mad/% Aad/% Vad/% FCad/% S/% N/% C/% H/% 0/%
11.97 4.55 35.98 46.12 0.11 0.54 46.56 4.70 48.09
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Fig. 2 Particle size analysis of coal dust samples Fig.3 EDS.and SEM structure of raw coal
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Table 2 Coal dust dispersion explosion results

/g h/mm Coal dust central temperatures / °C

260 280 300 320 340 360 380 400 420 440
5 8 N Y Y Y Y Y Y Y N N
6 8 N Y Y Y Y Y Y Y N N
7 10 N Y Y Y Y Y Y Y Y N
8 10 N Y Y Y Y Y Y Y Y N

3 2 /Al BB OIR TGN 280 °C~420 °CI 547 )5 7T KA IREE, 4 [ IAFE B
B, AR A >, B IR A B CA TR RT RS AR TN 2 kL, 2 E AR Hh g A
MR RE, TR MM T8 Lok, WA R BERR A, AH R A P 3 F A 2 Ok v PR )
k2, R EE 10mm 2R kR A R RO R E BRI NS 420°C .

T UL, ASCLLA IR E A 280 °C~420 °CH E AR R 2 X GF 7 53 J5 IR RS,
L E 36 580, SEI THaR 3.
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Table 3 Experimental conditions

Condition Mass/m/g Thickness/h/mm Central temperature of coal dust / °C
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10-18 6.0 8 280+ 300, 320. 340 360. 380. 400. 420
19-27 7.0 10
28-36 8.0 10
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Fig.4 Evolution temperature of coal dust at different thicknesses. (a)h=8 mm, m=6.0 g; (b) h=10 mm, m=7.0 g
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Table 4 _Main parameters of spontaneous combustion process of different masses

m/g h/mm At{/s Aty/s Aty/s T,/ °C T/ °C T/ °C Tomax/ °C
5 8 230 380 820 215 286 420 506
6 8 270 360 840 210 290 410 510
7 10 210 450 1050 225 294 430 538
8 10 250 465 1100 220 292 428 530
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Fig. 5 Dust particle ignition process
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(a) T=300°C (b) T=340°C | (¢) T=360°C (d) T=380°C
B 7 AR AR N AT, (a) T=300 C; (b) T=340 C; (c) T=360 C;,(d) T=380 C

Fig. 7 Coal dust explosion at different central temperatures. (a) T=300 C; (b) T=340 C; () 7=360Cx (d) T=380 C
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Fig.,8, Ignition process and flame structure of pulverized coal. (a) Ignition process;(b) Flame structure
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Fig.9 Flame front of dust particles. (a) m=5.0 g; (b) m=6.0 g; (c)m=Z0.g
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Fig. 11 Flame length and area variation curve  Fig. 12 Flame propagation speed
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