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4D dynamic simulation of coal oxidation heating law in gobs with heterogeneous

porosity
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ABSTRACT Using the Fluent dynamic mesh model to realize the 4D dynamic movement of a gob and inputting the kinetic mecha—
nism of coal low-temperature oxidation and the dynamic change of heterogeneous porosity into Fluent through the user defined function
4D dynamic simulation is performed on the spontaneous heating law in a gob for U + L ventilation of a certain mine. The results show
that unsteady heterogeneous porous media can be more realistic in response to the change of porosity which exponentially decreases
with time. The greater the advancing speed of the working face the smaller the heating rate and the average heating rate at an advan—
cing speed of 3. 6med ™" is 1/5 of that at an advancing speed of 1. 2me*d~'. However the higher the advancing speed the deeper the
depth of the high temperature region which is unfavorable for the prevention from spontaneous combustion of coal. Because of the
existence of a tail roadway in the gob the temperature field expands the temperature rises the main way to release CO is the tail
roadway and the amount of CO from the tail roadway is 10 times that from the outlet. Finally the results are verified by the field test
data indicating that the simulation results are correct and reliable.
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Fig.2 Schematic diagram of the calculation model ( unit: m)

1

Table 1 Physical parameters of coal and air

1300 kgem 3
1003. 2 Jekg™leK !
0. 1998 Wem oK ™!
(1mol 0,) 300 k]
1.0 Jekg7'eK!
2.6x1072 Wem ~'eK ™!
1.8 x107° kgem!es!
1.5x107° m?es !
300 K
1.4 mes™!
3 . (a) t=2d z=Tm ; (b) t=2d

(f) t=16d

2
2.1
3 .3 v 2.4me+d”’ t=2.9
16d
“O”
4 Im
100 m
5
(10 10 1)
2.2
2.2.1
i (e) t=9d z=T7m ; (d) £=9d i (e) t=16d z=T7m

Fig.3 Porosity temporal and spatial evolution: (a) t=2d z=7m section; (b) t=2d space; (¢) t=9d z=7m section; (d) :=9d space;

(e) t=16d z=7m section; (f) t=16d space

1.2.2.43.6 6me+d”’

6 18 m 1m

v=1.2med"’ 313.39K v =

3.6med" 305.46 K
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5

Fig.5 Relationship between porosity and time

4
Fig.4 Dynamic change of porosity when the working face is ad-
vanced X
6 .(a) v=1.2med™"; (b) v=2.4m*d™"; (¢) v=3.6m*d™"; (d) v=2.4med™"' U

Fig.6 Temperature field distribution in the gob at different advancing speeds: (a) v=1.2m*d""; (b) v=2.4m*d"; (¢) v=3.6m*d""; (d)

v=2.4me*d™" U-ype ventilation

U+L 6(b)
(d)
U+L 2.2.2
U 2.4med”’
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Table 2 Depth of high temperature points at different advancing speeds 7( 3.)
/(med™") /m 100 m
1.2 60 :
2.4 64 t=6d t=10d
3.6 69 t=6d L5 150 m
6 75 200 m
(1) 7('b)
10 m 1 m
(x=215m)
(Y ) 2.5m
7( a) . : ( h <3 m)
(2) 10 m ; (h>3m)
65 m
(2 )
7 - (a) (y )i (b (z )
Fig.7 Spatial and temporal evolution of the temperatures field in the gob: ('a) in the y direction; (b) the z direction
2.2.3
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TR 154 Fig.8 Heating process of high temperature points during the working

face advancing in the gob
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Table 3 Width of the oxidation zone in the oxygen concentration field at

different advancing speeds

/m /m /m
v/(med™")
1.2 2~19 2~31 55 ~110
2.4 2~21 2~39 61 ~126
3.6 2~23 2 ~41 63 ~ 130
6.0 2~25 2~43 65 ~134
9
Fig.9 Relationship between advancing velocity and maximum tem—
peratures in the gob
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Fig.12 Layout of monitoring points in the gob
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Fig.13 Comparison between the simulated and measured values of

the temperature rising process in the gob
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measuring point temperatures after 16 d
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