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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, China)

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. @ 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
S SRR FERIH FAY/s™ THALBEE/ (K] - mol™) 2L Hn, it e R 8y, RIBHAH/(M] - kg ™)
IKIYHER H R 1318 x 10° 67.800 3 — 2.26
B 1.318 x 10° 67.800 2 — 2.26
JR AR A 2.592 x 10" 194.662 8 0.731- 0.335
B 1.896x 10° 164.841 2 0.981- 0.335
vEeNta WA 3.291 x 10" 220.612 1 Vo02=1.796 23.527
Vo,p=0.423
PE[R-S 1.430 x 10° 139.682 2 Vo02=1.877 24.583
Vo,5=0.848
afik AL A 1.187 x 10" 166.285 2 Vao,02=2.164 28.351
Va0a=0.203
oS 1.616 x 10° 155.030 1 Va0,02=2-108 27.612
Vo =0.144
HiE=gia Wk 1.812 x 10" 208.913 1 Vpo,02=2.164 28.351
Vpoo=0.144
B 3.460 x 10° 170.922 1 Vpo,02=2.108 27.612
Vpo,a=0.167
F2 RELNTEMREEERER S
Table 2 Numerical model parameters of reverse filtration combustion
ZH Bl 240 Bl
LB R 0.55(3 F1),0.45(H7 %) R ERI(W + m™ - K Keoq=0.2
AT Fq /(KW + m™) 12 (%), 15 (B ) Kya(er=0.6
SR T /K 293.15 K 0, =0.26
HARBBEp/ (kg - m™) 1482(H ), 1453 (BT %) kyg,=0.8
UL py/ (kg + ™) 1.185 Jut i /s =1 200
HACHIE p, J(kg - m) 027 SRS R HDY (' - ) 15x107
HECIO - kg - KT Cpcoa=1320 WA E/(W - m™ - KT Myotiom=20
Cp,water=4 186 htop:5
Cp,char:1 260 hlateral:30
Cp,ash=880 WERERL AL 0/m 0.006
k- BR 22 B Bo/(W - m” - KT 5.67x10™ I A e 0.06
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Fig. 2 Reverse filtration combustion numerical model and experimental comparison diagram

197



2025 4E55 1

IR N G N

www.chinacaj.net

ERIE

i USRI LR F AR I I R AR 0] J5 R . XA
FEAE R IR G, BEE TR AR, SRR X N A L
RGN, DI 75 22 TR A ISt ) A B ik 213 D8 4R
BEALHE I 254

& 3a FIK 3b 43 9 CC HEREFN XA BEAETEAR
R gt i I A s RIS AUL 58 A i 1) Jo F 404 e X

ORI, —W AT, T ERE N L&
Pz B PR AN, CCBERE i 8 3 A g 1) ok 2t 70 K
AAET XA BERE, X 0] BERIREREAS B B 5 e 5
K, RIJCHRRER dh b o e T AR B & i, T
AEFH T CCIEHE L XA SRR BE R o T80y, 14
WA 2 PRI (R EE L) 7

60 60

0 A O B

; = 5 — = 5

#40 40 | - ]

R

I

&

=y

%20t |_|_‘ 20

)

0 0
8 32 64 8 32 64

/(L - min™)

(b) B2 KEAE

/(L - min™)
(a) TR JERE
H3 HAeHRELSHES

Fig. 3 Residual carbon mass fraction comparison diagram
F R 1] ]XBE 5 R i R A ) A s ] ROBE IR A
K, SRAGS R R BLEE A, kT

Vio.p Y Vi Are

BEH AR, SACBERIIE I, As BN g
S, 2 FBERRGR AR Y R RO D o BUE R R
R AT ) CO VL RBR B S0 55, SN

SRAERIN B B0 TR ISk, sk A Da= o, (29)
BN FR I AEAE RS, XU 2 i 2 S A TS e 5

2 Pl JRERE 14 31 g 2 A0 4 A i BIR A AL 0 2 )
I e S I NN S N LIP3 R P I 7S
BRRER 3 DAL BE (4L, ot AL LA K Bk

ERB IR Z—
4.3 REERIRR ISR 5
ISR RS — N ICR B, TR R

0.5 1.0 L5 2.0 0.5 1.0 1.5 2.0

05 1.0 1.5 2.0
T B4 I ) T B 4[] Te A [8)
(a) P8 L/minfFI5 5 M3 3 (b) N8 Liminfr) ot S Bid % (c) Vi 98 L/min Bk S Bk
-M— " MJ[' [ “‘ﬂ' T
o4t | B4l o4t
£ i 2e 2e |
X5 2f R o 2T XL 2T L 1
BX i %60. %60 Lo
1.0 15 20 25 30 1.0 15 20 25 3.0 1.0 15 20 25 30
T B4 ) T E 2 I ] Te A [a)
(d) Pt 32 L/min Bk [ RLE 5% (e) TiE A32 Limin(Kjofif i 7 i # (f) Yt 432 Limin Bk [ R %
w2 30 2 30 v~ 30
N ) o 55 [oanzmmilm
2127 i 21 207 S 207w R
X T 10t kaf\ 'a x Eoof r P x £ 10}
w2 L ANLA G A wg L ANMLA B 3 g N
1.5 2.0 2.5 3.0 15 2.0 2.5 3.0 1.5 2.0 2.5 3.0

T YA 8]

T B 1]
(i) T N64 Limin o 2 B ik 3R

(h) 64 Liminf ol i B % %
H 4 CC MR IR MR b K 1 3 FI L%

Fig. 4 CC coal sample filtration combustion reverse propagation control mechanism diagram

Te YA ]
(2) T H: 64 LiminfIHk [ B i %

198



AR R I U HRBE B R 5 R s P R HL T

www.chinacaj.net

2025 455 11

o~ 06 206 =~ 06
M, M, 3 1
B 704t ‘ 204t B 04p
Seoet ARAAAN | 2o AARAARN | 25t KAARAR
w2 T . I
==
0.5 1.0 15 2.0 0.5 1.0 1.5 2.0 0.5 1.0 15 2.0
To 2N [1] T A (] TC A (]
(a) VLE A8 L/min R 5 V3 % (b) Vit B8 Lmin ot i W i (c) VN8 L/min ) phi S o 22
T3 6 g 6 > 6
B 7 A M
l*é),; 4| { i f—iﬂ""‘ 41 gf’ 4t
> g » )= . 2
X = 2F , ‘ X Z o2t x g o2t i
aéé“o_w_ B2 L“LU == {24
10 15 20 25 30 10 15 20 25 30 > 0 15 20 25 30
T AT (1] TC A (] Te 2NN 8]
(d) ¥ 32 LminfrIf [ v 58 2 (e) VB A32 L/minff ol S 37 2% (f) VL EA32 L/min Bt 7k 2%
o 12 RN w12
£ - BT 5% [omnErmLm
B 8t & 7 81 5 T 81w st bl
NI C I PR VIRV R RN I
S . T2 o0 ’%5 0 -
25 30 35 40 45 25 30 35 40 45 25 30 35 40 45
T AT (1] TC AT (] Te 2N 8]

(2) Wi 64 Limin IR fe 3 ik %

(h) iE 64 Liminff) ol 2 B 2

(i) W64 L/minIBHR 5  #%

B 5 XA BEAFIIRIR B Rt 3% 45 H WL

Fig. 5 XA coal sample filtration combustion reverse propagation control mechanism diagram
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