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Energy principle of simulation experiments on coal and gas outburst
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Abstract: Coal and gas outburst is an extremely destructive gas dynamic disaster in mines. Since such dynamic disasters
are usually difficult to observe directly, physical similarity simulation of coal and gas outburst has become an important
method for collecting observational data on outburst and studying outburst mechanisms. However, the energy principles of
outburst similarity simulation experiments still lack systematic research. A review of outburst simulation experiments over
the past 70 years revealed that experimental coals generally have a higher porosity (10%—40%, median 21.2%), which sig-
nificantly increases the expansion energy of the initial free gas stored in the coal pores (by several times to several tens of

times). To further elucidate the energy release characteristics of outburst simulation experiments, a series of outburst simu-
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lation experiments were conducted using a true triaxial coal and gas outburst simulation system, based on similarity criter-
ia. Combined with observational data and energy analysis, it was found that gas expansion energy is the predominant com-
ponent of outburst energy, accounting for 87.50%-95.31% of the total energy, of which the contribution of initial free gas
accounts for 1/3 to 2/3. This demonstrates that the essence of laboratory simulation experiments is to represent the out-
burst process as a dynamic process driven by high-pressure gas in coal. Due to the high initial free gas expansion energy
resulting from the high porosity of experimental coal, simulation experiments can be induced without relying on stress
conditions, and even by non-adsorptive gases (such as He) under low pressure (about 0.45 MPa). In contrast to actual field
outburst, simulation experiments often exhibit simultaneous release of gas expansion energy and stress energy, lacking in-
teraction between stress and gas, thus making it difficult to reproduce the excitation process of outburst. In the design of
future experimental apparatuses, matching the porosity of experimental coal to that of the original coal seam (usually

1%—11%) is key to whether outburst similarity simulation can achieve breakthrough progress in similarity.
Key words: coal and gas outburst; gas expansion energy; experimental apparatus; energy principle; outburst mechanism
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Fig.1 Fundamental principles for simulating an outburst in the laboratory
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Table 1 Physical parameters of selected outburst simulation devices from 1958 to 2020
T Uk
BN PIFRAERE R /mm - -
BRE S /MPa FLBR/% B FEJ1/MPa
[7] FA260, #5100 CH, 0.5~4.0
[9] BAE, %551.2x10° mm? CH, 0.5~3.0
[10-13] EiA296. #5300 10~30 CO,, N,, He
[48] 225x225%187.5 15~60 CH, 0.25~0.50
[57-59] 1 500%1 500%3 000 15 CO,, N, <3.0
[60] EAR442, #530~200 30 CO,, N,, CH, 0.311~0.974
[61] 100x100x100 25 CH,4 0.65~0.75
[62-66] 385x385x570 4 CHy4 0.5~1.5
[35-36, 67] 1 050x410x410 <10 CH,, CO, <2
[34] 1 500x600%1 000 <20 CO, 0.53
[32,37] 1 500x800%800 <25 CH, <6.0
[68] 3 000x800x500 5.95 CH, 1.0
[38-39] Ef48, 5550 1.8~17.2 11.2~32.0 CH, 0.14~3.17
[24] HA#£200, 7300 >35 CO,, N, 0.1~0.5
[46, 69-70] 250%250%250 30~80 19.09~25.01 CO,, N,, He 0.3~0.7
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Fig.7 Test system diagram of triaxial coal and gas outburst simulation systems

71 <80 MPa, /247 K i & 0] AKF- 1 71 <27 MPa; B 1
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F G5, R A BRI B (0 B s AR 1R R G, A2
TRIR ML © Bl R R G, A BT R ) 1% s
BRI R R R A R AR
SEHGIERE B FEAR ST 2, IR AR LB RN
4.1%, RIS R FLER 3N 20.08%, %36 Bl T LA TR

B AE AL (8] 3), B EEARLR B K, 290 1.25, i
5 P AR BRSNS TR ST R/
I 2 5 0o 28 HA RE e RS2 ), 28 R BRI 1E 8% CO,
(3 o 1 AR ) o N (559 TR B PE ASAA) . He(FE M B 1<
) VE MBS ST LR ELRNHE, KRS
WR 7 B3 CH AE R LB Sk, AR 0% 3. DU
CO, I N, AR CH, ME MR AR L AZE L
?}:E’Jﬁﬁ% Epj%ﬁﬂyjégﬁﬂg[lo-m, 34-36, 57-58, 67, 86]o
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Table 2 Basic physical parameters of the experimental coal sampe

W £(CO,) W B 4 (N) Tk 5 H7/% HE FLpa B
VL /m® -t PL/m® - £ Vi/m® -t PLim® - th My Agg Vad pl(t - m>) #1% oy/MPa
59.02 0.77 13.45 091 4.54 5.88 6.78 1.46 20.08 0.4

e ViobLangmuirfhBL, mt, SEEETRLZU B HRIOR IR 28 it PLOLangmuirkE Sy, JERMHATSE T Vi It ST, MPa,

£3 RERHTRUEBIRBAT R

Table 3 Experimental scheme of coal and gas outburst tests

RS e SRR Ky MPa SRR N
(ox = 0y = 0;, MPa)
=i (i=1,2,3,+,n) He Jo 0.1~0.7 25 5
2-i(i=1,2,3,",n) N, EEl 0.1~0.7 25 5
3=i(i=12,3,n) CO, b 0.1~0.7 25 5

THIRAHLRIE Y S TR I T

@ il £ BE S o B R AR I RE R B R AR 0.25~
0.50 mm, il A 6% Ko G Bt £ 3457 . @ BERE AL,
PR BT S g0 A rh, HNE J n 28 2R 46 e il ki 22
JE J1 3R B H1N 60 MPa, {1} E] 60 min, B A

MRS . EMMIASCI IR B, E2324 h, SRJETEA
SEHG AR, FEdE AR R T ORRET2 h DL L, (525
RUR B SRR ANRE . @ 28 M RTHER . XTSCge Y
Wil o= 0, = 0. =5 MPa BUFREE N F1, 38 3 112 )8%
kAT A N AR 7 R A IR B E 5 R T,
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3.3 BEERHTRHEIXEER

FESEE R, FUHT I 8 2 MR D R AP
R, BRI 5 00 5 2R -5 FUI s ) e 1 B (R
IR S, BB M A5 R R Y (3 4), R RHT
s 3 R0 ORI 5 0= A 0% R 3 3 48 o i 9/ 4

#., CO, M 0.35~0.40 MPa, N, & 0.40~ 0.45 MPa,
He 24 0.45~0.50 MPa, iZ 3 % 0] fE 5 AR 520 )
B 3 AR S AR S5
AHAXT5E 58 BE (R, ) 3 % 9 R 2 m iR M iy
@Zﬂ:,ri[m, 51, 69, 79], ;H\:KHEX%
M,
R, =
L
Ao, M, R AR i, B2 SR, kgy My M2
AGE 0 I AR R A B, kg o
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Table 4 Results of the coal and gas outburst simulation experiments

[R¥e e SRR S Ak F1/MPa pUNIEES R kg AR SR EE % % I B /m
1-1 ~1-8 He 0.10 ~ 0.45 R
1-9 He 0.5 N 2.170 10.327 10.3
1-10 He 0.6 g 2.355 11.293 15.4
1-11 He 0.7 it 2.649 12.655 16.2
2-1 ~2-7 N, 0.1~ 0.4 R
2-8 N, 0.45 R 2.791 13.571 16.0
29 N, 0.5 R 3.027 15.329 17.1
2-10 N, 0.6 N 3.421 17.003 18.5
2-11 N, 0.7 R 3.992 18.829 19.4
3-1 ~3-6 CO, 0.10 ~ 0.35 K
3-7 Co, 0.4 N 3.721 17.908 17.2
3-8 CO, 0.5 i 4,881 23.292 18.1
3-9 CO, 0.6 S 5.342 25.394 21.8
3-10 Co, 0.7 Rih 6.020 29.790 24.9
SRR, AN SE T 5 B R B A5 5 H0 R 7 3 FY) LT AR B

2 EFHES MR R T, COy ik K IR, 7
A2 N, Fl He 119 1.96~2.02 /5 F1 1.80~1.82 f5 . *F
TR, 25 53R HAT R B AR CO, TN, 28 H
BEAPLIA I rhomT DL ) AR 2 RS (K] 8(a). (b)),
AEAE I B PSR He (928 R0 L 5o J2 24
PG (& 8(c))o el SRam A 1 M BRSO 28 o
149 5 3 DTHER DL RO 2 2R Jre i R P R i

R T ARAFREARALE 58 H A B2 v A B RRAIE, VR
55 5 YR I 5 AR A T T AT AR AN 4. 119
JER T BT E J1°h 0.5~0.7 MPa B 28 H B il B
OYAT, REBURAR (B (5 H 48.57%~ 78.84%) ¥ 1E
Hift 0.25~0.50 mm, VA 13.65%~17.83% HIBEAAR,
MEEEE] 0.25 mm PLF o R/ INIURLEER I T L
BN, AR AR R i 4 1 JEA T S i Wk AR PR
TR X T 0E 28 1 K A T AR ST 0 g
A ERPRLBE 43 A B A B T HE T T AL A5t e A

9T 3eA% 5 AR R HEBURRAE, mE A e
B JE LA 1 m b (R B AR I AR R, S5 SR an &l 10 fir
No ATLAR I, HERR 2 H AR R BA HAT A AR ) D
TRIEAI AR, X R 58 B v R 2 i i 2L 4% T
FUA EIAMERRE, BB aR R 224 E S R B
TR B EA L, 33CFP 3 B S 10 B0 2 1 584 e
LAFAG I AR R I R T SR A, PRI BT i B 2
FE B v L i 2 S BRI IRIE o X b ) SR Y R
AR T 128 H R S B A R 0, SORE AR SR 4 1
HiE— e .

LA, 28 HUBARMERURAE (18 10) B BEL TR &
Ji& B B i AR A R 0 5% B R ) B 2 Tk .
PRI, 5 AR BRI AR He A28 R AH EE, N, Al
CO, A6 o] LA £2)-5-3h 4376 1) 5 HH BE 5, 9 FL
T 10 28 H PR SR AR A I 3 58 1 1 5 67 8, TE P
HRE TR RS 2 5 0 — BL T I 12 Bl B (R
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Fig.8 Outburst hole characteristics induced by different experimental gases
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Fig.9 Particle-size distribution of outburst coal
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o, 1 R RFELIT ], s5 9, o 265 2 R Y 1 P A
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H T ARAFEC (19) A3 R R Y, JE R TR
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CO, fEW 25 . 5T AR ST A 58 BEL 0 iy Fp 2L
B[] 355<2.5 s, TSR X AL HCHT 2.5 s -1 349 i Wi
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(3K (19)) BF, 2 R H 58 a0 e A4 PN oA 2 HH 17 TR0 40
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Fig.10 Mass distribution characteristics of outburst coal
x5 RHABRHPSERBRENITESH
Table 5 Parameters related to initial desorption amount of outburst
. SR <0.074 mm 0.074~0.250 mm 0.25~0.50 mm 0.5~1.0 mm >1 mm
JIMPa v - (- ) /% vl e o)) 9% vl e s y/% vl (e /% vl - ()T pil%
N, 0.5 0.53 0.54 0.38 1.19 031 5.92 0.21 2.70 0.10 89.82
N, 0.6 0.57 0.60 0.42 1.39 0.34 8.17 0.23 2.24 0.11 87.84
N, 0.7 0.60 0.68 0.44 1.58 0.36 10.83 0.24 0.78 0.12 86.41
CO, 0.5 1.69 0.99 1.22 2.56 0.84 6.55 0.56 3.00 0.28 88.97
CO, 0.6 2.00 1.17 1.40 3.08 0.91 8.39 0.61 2.60 0.30 87.15
CO, 0.7 2.06 1.35 1.49 3.66 0.98 10.15 0.66 2.84 0.33 84.79

ARTFIIEER, S P P AR 2 B B LI
PRI RETT o NI, LdR— R AL SRR RIS 1Y,
HAPS 4 R A5 4 ik — 2 5 DRI T (1Y
TR TEE G T

5 Hh i B MO T Z2 R B R, AR AR T
BV E ORI IR BT I 7 4 U2 R R 5 Rk (19),
AT RURE S 2 H ARG ) AR RE s BRI BE
W R AR e 2 (12) 0 B R 2 A (o= 0y = 0. =
5 MPa) DA 2 B T 22 S RO . a5
FW] (3% 6), XF TR B8, AR 5 5 E Bl
B AR (A) BRI MUZ R RS, anlal 11 fr

7N o TETLHTEZ K BE (Al v, fiff W B 3T 1Y AE & 5T Bk
(Aq) 15 25.66%~ 66.02%; HAKF Uk, W B 1 SR N,
F1 CO, IR0 PR 1 AR K BB LU AR B SR He
(IR T 3G A 1.34~2.94 1%, FEHA 14 b g B R0 307
RS 55 e X B LT RE R 1) B sk, o —
1, FUUTIZAKREAE Bz RE R (A 15 LA 87.50%~
95.31%(F 6), WEB T % th i B2 AR IK 3 i 31 7 3
P EAT— PR R, AR SOl AR R T E (0.5~
0.7 MPa) L) & Fil FEJE ] (5 MPa) S 45 4 A AL v ) £,
RE IR B T 76 3 & 0 e ) 80 B B A
FRABLR R A AR AE RS 7100,
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Table 6 Gas energy under different conditions and their comparison
Sk J£J1 /MPa Af/(MJT + m™>) Ag/(MJ » m™3) AJ(MT - m ™) (Ad/As)/% (As/AD)/%
He 0.5 0.195 0.195 0.230 — 84.78
He 0.6 0.252 0.252 0.287 — 87.80
He 0.7 0313 0313 0.348 — 89.94
N, 0.5 0.195 0.267 0.302 26.97 88.41
N, 0.6 0.252 0.339 0.374 25.66 90.64
N, 0.7 0313 0.425 0.460 26.35 92.39
Co, 0.5 0.195 0.561 0.596 65.24 94.13
Co, 0.6 0.252 0.735 0.770 65.71 95.45
Co, 0.7 0.313 0.921 0.956 66.02 96.34
1.0 ‘ | SEBRZ
0o | ¢ BIHIERAH) , 8T g3t 3 b 0.74 MPa
T e mEZAEREAN,) ] 0.7+ N ﬁ%gﬂ%?
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Fig.11 Correlation between the relative intensity of

outburst and outburst energy
4 W’

—SETEOCTE MG S, BRI 5 0
77 18 {0 AT S R g8 1 R T A,
0.1~0.7 MPa(Z&= 3L Jy 0.4~0.5 MPa)!*™> "% &) 12
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Fig.12 Range of outburst pressure thresholds
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