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Reverse filtration combustion wave of coal and Kinetic-transport

regimes
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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 : (1) 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 (8L/min, 32L/min, 64L/min ). The results show that : (1) The model is in good agreement with the

experiments, and it successfully predicts the propagation process of reverse filtration combustion wave. (2) As the
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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.

(3) As the reaction temperature increases, the reaction rate accelerates, and the limiting conditions of reverse

filtration combustion from kinetic mechanism to oxygen transport mechanism.

Key words: filtration combustion; combustion wave; underground coal gasification; smoldering; control

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
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HR 2.592 x 1010 194.662 8 0.731- 0.335
Wi 1.896x 108 164.841 2 0.981- 0.335
Vo,00=1.796
HR 3.291 x 104 220.612 1 23.527
— Vo=0.423
E=
Vo,00=1.877
B 1.430 x 108 139.682 2 24.583
Vo=0.848
Vao,02=2.164
HR 1.187 x 1010 166.285 2 28.351
Vuo.u:0.203
a R4
Vao,02=2.108
B 1.616 x 108 155.030 1 27.612
Vao,a =0.144
Vpo,02=2.164
HR 1.812 x 1010 208.913 1 28.351
o Vpo=0.144
B AR
Vpo02=2.108
B 3.460 x 10° 170.922 1 27.612
Vpoi=0.167
22 FlEFIE
22.1 |SEMAIE 222 ERRETIERIE
ap ) 2 S B TT S805 S BRR AR, R A
02 _ o N
05 TV Wpo,)=#DV po, B AR R T
ye) (1 _ q))apwater =_r
_Z min(,o'g2 L 502 )(i=co,x0,/50) ot e
! (1 - q))apcoal _ 4
Hrbpoy NEAINERE: D AT BUARELG (1-p)op
- 1
N . e - s » « -char — Vp,arp _I.ao
AN — DU B NRE oA 8 SR RRIE ot
KB % HUE AE — 5 o P Rl AR A AR AL . (1-)dp
p-char 4 _ '
/)gz N2 AR ) S FE A B, H Arrhenius 2 ot =Veopleo “Tpo
REFA: (1-9)0pu _ 'y '
8‘[ - Vao,arao Vﬂo,arﬂo

SR _ _ nym A /R,
Po, . =Viohi = Vioo Y Yo, Aje 0

DRI I sz 97 o R P ) AR 1 Y R o3 ] /) B B
FKIRN:
“E/RT, u—'OO2 )

V. 0

1,02

' mi nym;
. =min(pY Y5, Ae

(i=co,0,[30)

)

I5 s :,0 water +,0 coal +IO a-char + p 3-char + IO ash

4 10(10)-(15) 4 M TR HERE P I FLIRE,,
(S s 20 R4 0 I DR



223 BFERETELE

Pop,

8t +V (upg) V r +(1 l/p a— char)r

2 A=y
(1= co,x0, po;j= f —char, ash)

ERA6)F B u NAMRFBHEEE, m/s.
224 gEETIERIE

C,.=2.C,%,

+160dT’ /3

(=) PG, )en

(1- @)k, VT, + > tAH,

i=e,p

h, (1-
+ > rAH, - ; )U'T)
i=co,ao0, o
Cps B s 53 1R 3 Lo (B 44 1 LU A28 R 5 40

REG TONSRIRE, T, v RRE. ER08)H,
PR FHE—AME ST, H Rosseland TR R A Kea
= 160dTs3/3014161, B MERTR AR, ] FLAL AR AR
FEATH N 6(1- @)/ dU'S), ILAE(19).

oT,
pp,C,,—+C_p,-V(ul,)=

6h (1-¢)
2 s,

(I,-T))

C,, =(=3-107x(T,)* +0.2261x(T)
+940.35)

k, = (=1x107 x(T,)*

+8x107° x(T,)+4.3x107)

TEEE(20)-22)F, Cog WAL kgl
S FREE . IR, SR A 1A 1)
AR —E R PR TR I, < 2 8] 1) #4-F
1 DA B A P18 of 0 8 A B 1 R AN R I B
Wi o A SRR S ) AP R 3, AR &
5e A% O I TN B4 1 - B T A% R R B
(hsg), TS RE TR PR

ngu

Sg=

k
= Eg (0.001Re"” Pr'?)

Hdr, Nu NEHEIRE, Re NEH
EESEA

3 HEEM

SRR ProRE

B A 3 R H COMSOL Multiphysics #04
ﬁﬁ,hiﬁﬁ%%%m&ﬁw%Iﬁﬁﬂ X g
RPE R RS R SR i BO AT
B, PR AORARN 75, R HA B IE N A%
AR GMRES Kifds . N 7Mbb RE, A
R T YRR AR Y, SO R A k. A
KA E B = ATty #IouECh 7407
AN, BN IT RN 0.668, P14 H L 2N 0.9614.

BAE TR ATUR AT A0 PR
Po,|,_, = Po,
pcoal t=0 = (1 - Yw)ps
=Y
pwater t=0 wIOs (24)
pchar/ash t=0 =0
I, =T,
&lt=0 ~a
Horr Y o B K o 8 B 2 #
HAE T I SRR
p02 bottom - pOZ
& |bottom —fa
kgvz—;', bottom = _hbottom(]; _7—;) (25)

—eo(T, = T,")
bottom = _hbottom (]; - Ta)
—eo(T' - T.")

25) BT IR T2 H A hooom
VRIESUETE S AT /@

DYp,| =0
top (T ) (26)
top top (T T )

(k,+k,, VT,

(k,+k,_ VT,

kgvz—;f‘top :_h (T:%’ _T;)

top

22 3K (26) 9 BB AR H THAR 30 5 5% A, Herp
hbottom %Ejﬂﬁ?ﬁ%%%ﬁ °



D V _ 0 ﬁ(27)jjﬁ'fa$%%u E/J@_IJ Jﬂﬁmﬁ:, :H\: hlateral
P0: e L FHH R
kT =—hy(T,-T,) B RER Y R 1030 7% B RO A LN 1 BT
o (T T apy A BRI SO 2 . K
£ P 7SFHAS R TOLEAT T BB A, W3R 3 Pios.
(k + krad )v lateral hlateral( s ]:1)
—eo (T}~ T
£ 2 R IEBBEER I S5
Table 2 Numerical model parameters of reverse filtration combustion
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Fig.2 Reverse filtration combustion numerical model and experimental comparison diagram
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Fig.3 Residual carbon mass fraction comparison diagram
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Fig.4 CC coal sample filtration combustion reverse propagation control mechanism diagram

wE 4 FME 5 R, EARPRERMGT, =
ANEALIT B R AR A R — 80 L
FH 46 (19 3 7 257 WL 42 o) 2 A g S A i o L
il o X0 TR R ARV B, AR
FoA, AR LB RS SR TR A R

IREAT, MR G, e MO R G AR,
7 HEAT B — REREREI . Ao S BT AR T
2, DRI B [ BAJoR I8 1A A 8 T 52 1) S <A A )
HLA 2 1 o

~06 Q=8L/min 5 Q=32L/min 5 5 Q=64L/min :
S04 4 i 8 (g
foz 2 !ﬁk ( ’ !é !EA
o0 0 0 :

0. i 1 15 25 3 25 3 35 4 45
=06 6 12
§o4 (b) 4 @ g (h)
i
5 0.2 2 : i { 4 &
g o,—LLLLuLL 0 u u—l 0 i l 1—L—A

05 1 15 2 1 15 25 3 25 3 35 4 45
_06 6 12
) o BNFEHMNE g
£o4 4 O g} - wapnennn @
s i
Bo2 2 % 4 § L
& |
@ & 3 | 0 i L

05 1 15 2 1 15 25 3 25 3 35 4 45

(-) Tk-)

B 5 XA SRR PRIREE S 1i 4 FE i AL 5]

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