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Reverse filtration combustion wave of coal and Kinetic-transport regimes
ZHANG Hao, SONG Zeyang, ZHAO Chongbao, HUI Shaotang, DANG Boyuan
(College of Safety Science and Engineering, Xi’an University of Science and Technology, Xi’an,, 710054)

Abstract: Coal reverse filtration combustion involves clean coal combustion, pollutant and disaster prevention and control. In-depth
study of reverse filtration combustion wave model is of great significance for China to achieve carbon neutrality and sustainable
development. In-depth study of the reverse filtration combustion wave model is of great significance for China to achieve the goal of
carbon neutrality and sustainable development. However, there are still several key problems to be solved in this model : (D The traditional
oxygen component transport equation is difficult to solve the problem of oxygen non-equilibrium between gas and solid phases. 2 There
is a lack of in-depth analysis of the dynamics and oxygen supply control mechanism of the reverse propagation dynamic process of
filtration combustion wave. Based on this, a numerical model of reverse filtration combustion wave including five-step reaction system is
constructed. At the same time, two different coal samples ( bituminous coal CC and anthracite XA ) were used to study the reverse
filtration combustion under different flow conditions (8, 32,64 L/min ) . The results show that : The model is in good agreement with
the experiments, and it successfully predicts the propagation process of reverse filtration combustion wave. As the flow rate decreases, the
reduction in oxygen supply leads to reduced reactivity, resulting in a decrease in both peak temperature and propagation rate. At the same
time, the peak temperature is also affected by the type of coal sample. Under the same flow condition, the temperature of XA coal sample is
lower than that of CC coal sample. As the reaction temperature increases, the reaction rate accelerates, and the limiting conditions of
reverse filtration combustion from kinetic mechanism to oxygen transport mechanism.
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Fig. 1 Experimental device diagram of reverse filtration

combustion
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Table 1 Kinetic parameters, stoichiometric number and reaction heat of the five-step reaction
2 TERERP TEE??AJ-/(SJ) THALREE/ (kT - mol ™) TN Bn; i R Ay, FERAH/(M] - kg ™)
KOy AR H R 1.318 x 10° 67.800 3 - 2.26
B 1.318 x 10° 67.800 2 - 2.26
SRR H R 2.592 x 10" 194.662 8 0.731- 0.335
GRS 1.896x 10° 164.841 2 0.981- 0.335
[ ENta H R 3.291 x 10" 220.612 1 Vo02=1.796 23.527
Vo=0.423
P[RS 1.430 x 10° 139.682 2 Vo.00=1.877 24.583
Vo,5=0.848
ofifc S AL HR 1.187 x 10" 166.285 2 Vao,02=2.164 28.351
Vaoa=0-203
s 1.616 x 10° 155.030 1 Vao,02=2-108 27.612
Vo =0.144
Bl AL H R 1.812x 10" 208.913 1 Vpo,02=2.164 28.351
Vpo=0.144
B 3.460 x 10° 170.922 1 Vpo,02=2.108 27.612
Vpo,a=0.167
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Table 2 Numerical model parameters of reverse filtration combustion
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Cp,waler:4 186 htop:S
Cp,char:1 260 hlateral:30
Cpasn=880 JEFERLAE 0/m 0.006
Wk PR 2B M o/(W - (m” - K Y) 5.67x10™" HIES 8 0.06

250 C, K 2d—K 2f fias, XA MEREFE TR & R

I, NITREHCE Z e, S EUEEIRIER T o

TEAIRI AR AR, A AR A e £ R
PR, X WLEESE S SONG!™ iy RIFSE —
B MESERENEL, X2 MR P25
WRIA R BB G WK 2a FIE 2¢ s, 1E

8 L/min A} AW (7L B 4% 32 L/min A1 64 L/min 535

FAR T 24 250 °C F1 350 °C, X ARG A 85 A7

T, BRI & 5 20T DR X IR A R B

hFe i, X HE— AR R R N, A AR
168



K AR R i BB B R 5 R s P R HL BT 2025 4F45 1 3]

£3 RETEKEHEZRTR WA 8 Limin B, AR B W (R VL B AR 4 T30
Table 3 Reverse filtration combustion numerical model MRS 2 200 °C; WA 2b F1E 2d R s, AE
conditions 32 L/min MRE AT, BEZELHR 50°C 475 W
G BERERNS WL - min) KUH/(m - s) S0k BEREAE K BE /m Kl 2c FE 2f rs, M £ 64 L/min, & AE
e s o o R e (U5 TS T4 2 2 0 120 C 245
FH T HRJCRE R TC ATRRE ) RO 235 ) LA R Ak 2 IO 3 PEAS
2 CCUki) 32 0.106 0.003 . o
coi [, S8 2 PR AR 2. E s A
3 yALSY 64 0.212 0.003 s
ZHFLBRZE A, AL T2 RN R A, A
oM 007 00 HERR L, LG R AR B3
5 XACEHEAY 32 0.106 0.003 TEIR2Z VRGN, TC1—TC6 LI M il 4t
6 XACEAIM) 64 0.212 0.002 HRIASY 6 AN R A0 W L 1 AR R — 3
WAk, MEHR AT LUWEE R, bl I 3,
1 500 1 500
1000 | 1000 |
o o
2 =
Juc Juc
500 | 500 -
0 - 0 .
0.5 1.0 1.5 2.0 2.5 1.0 1.5 2.0 25 3.0 35
T EE AT (] T B[]
(a) Y5t 98 L/mini 3 FHOLRE I 01 (b) VA3 Limind 46 LRI (i
1 500 1500 T
y=0.12m —TCI - - Tl
¥=0.10m —TC2 - - T2
Sme e 8
1000 | 1000 [ 9004 m — TCS - - T'S
& & =0.02 m — TC6 - - T¢6
500 | 500 |
03 2.0 2.5 3.0 3s 4.0 0 0.5 1.0 s 20 2.5
TR 1 AR
(c) i fit 64 L/minke 3 RHBLREVE (2 (d) ¥ 8 L/mink 57 2 ERE U (3
1 500 1 500
1000 - 1000 -
o o
i i
Juc Juc
500 500
0 : 0 1
1.0 1.5 2.0 2.5 3.0 35 2.0 2.5 3.0 35 4.0 45
TC A [H] T e YA I 1]
(e) Vi EN32 Liminh 3 22 JH AR I AE IR 5 (f) Vi N64 L/minf 57 22 ERE 0 15 5

B2 Rom ook S EAR AL 5 K5 3t I
Fig.2 Reverse filtration combustion numerical model and experimental comparison diagram
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Fig. 4 CC coal sample filtration combustion reverse propagation control mechanism diagram
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Fig. 5 XA coal sample filtration combustion reverse propagation control mechanism diagram
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