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ABSTRACT Spontaneous combustion of coal increases the risk of fires during its storage and transportation, posing a challenge to the
sustainable development of the coal industry. This study employs various similarity criteria, including geometric, time, kinematic,
dynamical, Euler’s, Strohal’s, Vernold’s, and Reynolds’ criteria, to investigate the rules of the spread of loose coal body combustion
under wind flow conditions using a self-built, open-vehicle coal transportation simulation experimental device. The device recreates the
temperature rise process in loose coal bodies, the formation of high-temperature areas, and their subsequent spread. It also analyzes the
internal high-temperature area spread and gas distribution rules under wind flow. During the experiment, the temperature of each
measurement point changed as the constant temperature time increased, with the measurement points closer to the heat source showing a
significant temperature increase compared with those farther away. The experiments were conducted for 70, 54, and 48 h under wind
flows of 0, 1, and 2 m-s ™, respectively. The results reveal that the crosswind flow on the surface significantly accelerates the spread of
the seed of coal sample combustion. Compared to wind flow at 0 m-s™', the high-temperature area spread time is 0.3 times quicker (wind
flow at 1 ms™) and 0.5 times quicker (wind flow at 2 m's™'); moreover, the maximum temperature of the high-temperature area
increases by 120 + 20 °C, eventually stabilizing at 510 °C-560 °C. The spreading path of the high-temperature area drifts toward the
wind under the influence of crosswind flow on the surface. When the wind flow is 0 m-s™' the difference between the time when the CO

concentration peaks at the critical point of each layer and when the critical point reaches 300 °C (Ah;) gradually increases with the
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number of layers. However, under the effect of wind flow, Ak, is maintained at 1.4 = 1 h (wind flow at 1 m-s™") and 0.9 h (wind flow at

2 m-s™"), thus intensifying the coal-oxygen reaction and causing the combustion to spread more rapidly. For each critical point of the

oxygen volume fraction of the layers, the time elapsed during the rapid decline phase of the O, volume fraction at the high-temperature

point of combustion gradually increases with depth. When the wind flow is 0 m-s™', the difference between the time to reach the limiting

0O, volume fraction at the critical point and the time to reach 300 °C at the critical point (Ah,) increases with depth. However, under the

effect of wind flow, Ak, is maintained at 0.6 + 0.3 h (wind flow at 1 m-s™") and 1 + 0.2 h (wind flow at 2 m's™"), indicating that surface

airflow can exacerbate the rate of O, consumption during the downward spread of high temperatures. Therefore, controlling air leakage

can delay the spread of coal fires. These findings offer valuable insights for developing guidelines to control coal fires during coal

transportation and storage.

KEY WORDS coal spontaneous combustion; cross wind flow; temperature field; gas spreading; open-vehicle coal transportation
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Table 1 Proximate and ultimate analysis of coal sample

Proximate analysis (mass fraction)/%

Ultimate analysis (mass fraction)/%

M, ad Vad A ad Fcad

C H (6} N S

11.2 23.1 7.86 57.84

62.96 2.56 33.24 0.69 0.55
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Table 2 Particle size distribution and mass of coal samples

Experimental

Coal particle size/ mm Coal sample mass/g
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Similar simulation experiment of gondola car transporting coal
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Fig.1 Programmed temperature test system diagram
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Fig.2 Coal spontaneous combustion gondola transportation system diagram

B3 MRS EUE S . (a) MU BB SRR (b) KU AR ZE 4]

Fig.3  Coal spontaneous combustion gondola transportation experimental device diagram: (a) gondola transport experimental model; (b) internal

structure of the blower
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Table 3 Experimental wind conditions

Experiment number Wind size /(m-s™") Fan speed /(r'min ")

1 0 0
2 1 800
3 2 1000
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Fig.4 Distribution map of measuring points on the left side of the furnace body: (a) outside number of measuring points; (b) internal position of the
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Table 4 Depth of measuring point and distance inserted into the furnace

Layers  Depth/mm Measuring pointnumber Distance /mm Measuring pointnumber Distance /mm Measuring pointnumber Distance /mm

Layer one 30 1# 50
Layer three 170 4# 250
Layer four 240 T# 50
Layer five 310 10# 250

Layer six 380 13# 50

Layer seven 450 16# 250

2# 150 3# 250
S# 150 6# 50
8# 150 o# 250
11# 150 12# 50
14# 150 15# 250
17# 150 18# 50




-192 -

TRERLF2ER, 26 46 5, 55 2

S7ige | IS REA ST 1 W VT Y 1K VN G LR
FEAEBE = K R, BEis, 55 R R AT LA
H A AT 200 TR b, it S U i A B 1Y
SO BE . AR S S AR F R Y T S B R
3 Ao R R S B

(b) i X e X

O BE S BEAE 25 S IR I Ak LR e 1 B
R, H B 9 B, 4 g DX 30 R e A
R JOREERT, ERETF IR RS, 774k Kt CO. CO,
SRS, TR A R AR B2 S T e A Y
SRR R AL PG, SR O R R DA R R T 2,
FE ) 2 KRR 3k A 280 ~ 340 CP24, AR
TEFH 300 °C AF A 9 44 P BEAE 1 v Ui DX 3. S 5 ok
FEH IR AR JZ B R 2 R R R F] 300 °C
A, 26 B R X IR B 298 A, 155 L k.

(5) S5l 2.

PIRGIA 1 mes™ SE56 8 ], B i 4 00 SRR B A
P R XU B, B LR AU S R R
M AT I RALIF O, 15 B KA 8 o 3 o A 3R
T () RS E B, T X (R 58 — )2 HEAT 1E IR, %
I I R A S R B T AR R, Y S ik AT
F) 2.7 b, A I F) S# A e SR IR B 300 °C,
ISCHE b, 452 b i AR 256 2o AR v AR B AR B A
SO B A B K 2 W B AR S L 2R R R TR
B B ) AN TE & A28 Ak, B B RIS 2 28
BRRRE B) ve R DX 3, T AR A S 4 PR

2 HR5iTiE

21 HERE
i AR T IR L 5, &G S AR A R
Hh A IR B IR AR AL R AR, SR AR A AR
KBk oh B A R R AR IR B Y 5
AW I
B = (civ1 —c)/ (tis1 — 1) (1

Z=B/c; (12)

Horr: B AR B R T 1 °C AR BE AR % ¢
Civt PR B B 200 0 SRR R A3 355 630 1 AR
B F 220 B R BE 5 Z O iR R R v 1 °C B U TR
PR

& 5 S CO e i LA B CO S ARG K 2R b 113 i AR
fih 2 & T LA, Bl A I BE A T i, CO ARk
JE 52 T AR B KR, FEAIR B B, CO ARk i
SRR, YR A B SR S T AR EE R, CO
SRR R B M. R, 0 AR F R A I

1 T )
0.14} Critical _ ¢ - | Drycracking {4909
temperature i~ | I i temperature
| ! 1 -
i b ,
0.12 1 ;4 18000 2
Q i i =
‘5 | ! 1 =}
= i AN ks
g 0.10 : | : 416000 E
e i P o
=) i RN g
o i Y] - =
9008 ‘ . 4000 3
] 3
0.06 | o 12000 ©
g
004 .‘ I L L o 0
30 50 70 90 110 130 150 170

Temperature/ °C

Bl5 COMBAEM ARG ARG

Fig.5 CO concentration and growth rate curve with temperature

SRR 70 ~ 80 C, TELEEE R 110 ~ 120 C.
22 RUmIt AR E S H R

250 A L B T ) AR AR Ze an 18] 6 . S
WL BTBL, A0 AR BE 5 PREE R B 400, T 2545 °C.
Wi 5 P () 388, 4% 00 L B T 4 R AR AR Ak,
W AU A T ) ST B T B, I RE AR
T A58 1 00 U P AR AR A X208 AE KU R 0.
1 A1 2 mes™ i, SEEG 40 B 28 105 70, 54 F 48 h 45K,
RIFE R AE R T R T P\ R S 3k 3 P Sl e

P 6 A I 3R R B I 1) A2 bl £ 1. [ 6(a)
AN TR] XU T 5 — 2 0 e i B AR Ak i 2 &L A XL
T 0 mes™ A, AT e U B DR T R PR R R AR, B
JataTHaE, IEERN 12510 °C. L5 fE P AT
T B 2 #0) a5LE Fe Se R AR AR Ak, HLIRLEE R B
15 TR 2 HAB SIS E KR T mes™ Al 2mes™
b, 25— )2 I % R 2 0 A [R) A AR A i 34 B IR
JEE T T v ) W U B S O 0 92 8 R AR, B A S
IGHEAT, IR OB LI R TR, AR
A3 4R AE 2605 °C F1 34010 °C. 35X 5 4 il Pip
R A G, B T, Y BRSBTS T
X KR 0 5 1, 2 mes™ TR EE A2k R B, XU
WY Sk B v TS D A W U L X T A — R D A
DAL A K, R TR s IR0 ™ i, — T T R TR XU 254
A B AR N 7 A G BT, 5 — T T, RO A
AN PR FE R SRR, R A S N A T, Y A
INTFRRER SO A B PR I, SRR B 2 )
PRI, X6 3R 23 I A, KU X R e A A1 1A .

AR R 2 =200 i B AR A th 4 an ] 6(b)
FioR, FEAN R XU AE FH R, £ D0 50 32 R 3 T g 3k
B W AE IR B S K TR E . S IR B BE, 43 i AE
3. 2.6 F12.5 h WAL R XA 0, 1 Fl 2 mes™ B () 5#
I Je ik #) 300 °C, H i i X 3l i 28580 7E 420+10,



F DLAE TR ] KU AR T R 4 P R e 2 e LA

400 —
(a) Wind size,

350 b measuring point
—O0ms!1#
L —O0m-s!'2#
. 300 —O0m-s!3#
I — 1lms!1#
g 250 — I m-s'2#
— 1lms'3#
g 200 —2ms! 14
g* —2mss' 2#
8 1507 —2m-s 3#

100 |
50t
O 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80
Time/h
600
(©
500 |
© 400
) Wind size,
E measuring point
£ 300 —O0m-ss' 7#
=" —0m-s'8#
£ —O0ms 9
£ 200 —1lms' 7#
— 1lms!8#
—— 1ms!'9#
100 - —2ms! 7#
—2ms!' 8#
0 1 1 1 1 1 7? mS?} 9#
0 10 20 30 40 50 60 70 80
Time/h
600
(©
500

in(_i size,
measuring point
—O0m-s' 13#
—0m-s!' 14#
—O0m-s!15#
— Ims!13#
— Ims!14#
— 1ms!'15#
—2m-s!13#
—2ms! 144
—2m-s!15#

Temperature/ C
W
(=
(=)

0 10 20 30 40 50 60 70 80
Time/h

- 193 -
600
(b)
500
& 400 7 Wind size,
95) measuring point
s — O0m-s ' 4#
5 0 —— Om-s 5#
g —0 m~s’: 6#
° L — I ms'4#
= 200
— lms!' 5#
— 1lms!6#
100 + ——2ms 4#
—2ms!5#
—2ms! 6#
0 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80
Time/h
600
(d)
500 |
> 400
8;0 Wind size,
E] measuring point
S 300 —0ms!10#
2 —O0m-s' 11#
E —0m-s" 12#
= 200 —0m-s ' 10#
—O0m-s!'11#
—O0m-s!'12#
100 | —0m-s!'10#
—O0mss!'11#
0 1 1 1 1 7pm~sll 12#
0 10 20 30 40 50 60 70 80
Time/h
500
®
400
% 300 F Wind size,
g measuring point
s —O0m-s! 16#
2 —O0ms 17#
£ 200 —O0m-s!18#
= —1ms’ 16#
—1 m-s’: 17#
— 1 m-s! 18#
100 —2ms! l6#
—2ms ! 17#
—2ms!18#
0 : . . . . .
0 10 20 30 40 50 60 70 80

Time/h

B6 DNARZRI AR, (a) S —RMALG () H =R AL (o) FPZM AL (d) FHARMAG () SBAZMAL; () SE-LIZM A

Fig.6 Temperature curves with time of the measurement points: (a) layer one; (b) layer three; (c) layer four; (d) layer five; (e) layer six; (f) layer seven
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