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FRIE S BT E (dp/dr),,,, PITRBEL, P52 S0 T 00 MR KR 2125 I8 R B9 5%, B AR 38 19 28 Ak 1k Al
Wesh Pk, BA 8 I 5050 o B e AR A A B S (B . 2 R A DA E ( GB/T 16426-1996 #3282 = fi
G HE 3 RV K8 B 2 T3 ) U, SR A I B bl FH A 08 e B R R g R e e S, R S B F 5
LA e 2l [ Ehmiy | SRR A | B TC LA B 1A K AR PR IR AR 1, W]
HZh 2l g -m i 2. 3 B BUZ ARG ME5H, 25808 20 L, Bl A 8050 0.6 L, 7k il oy
—0.1~~2.0 MPa, £ HEA 0.001 MPa, FHE RAL T [B] [B]B% 4 0.2 ms, e KORFEIRE 12 s,

1. Sealing cap;

2. Sandwich coat;

3. Sandwich inner sleeve;
4. Vacuum gauge;

5. Circulating water outlet;
6. Mechanical two-way valve;
7. Base;

8. Observation window ;

9. Vacuum hole;

10. Dispersion valve;

11. Dust storage tank;

12. Pressure gauge;

13. Pressure sensor;

14. Circulating water inlet;
15. Safety limit switch;
16. Ignition lever
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Fig. 1  Structural sketch of the test device for explosion pressure characteristics
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R IR B AR B ]SS, 2 4> 5 kI AR UKk TR Ak ST BLAR O 20 mm 1 [P 1 95 35 3 7 K
W7 % 1 O, B S S g e A T 4 50 T B A S SR BB, I 0 £ A% i 0 B0 B Ay, Bl T B A7 3
Excel ik —25 40 # . %8 T un oA BOREE: O, BT A shHEBR R B D Re . % B OL S B2 A shmt
¥y BdE A S RN FE PG K B . TOZR MR . AL B RIE A B %

2 AEEREBEREEEENFIENTUNE

21 FAEITZRTBEFELEEEDFENTL

Sh A LI AN ] 728 Jo A AR AR A T T AR M O o0 B AR A A, R B R B I L IR R
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Fig.2 Temporal evolution of coal dust explosion pressure
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Table 1 Explosion pressure charateristics of coal dust with different metamorphism
A HME FE e A Y FE e
B B
Pma/MPa (dp/dt),,,,/(MPa-s™) Pn/MPa (dp/dt),,,/(MPa-s ™)
firEs 0.71 65.69 AFE 0.55 4227
Q7L 0.60 46.13 v 0.47 32.26

22 BERTETERRELEL D SEXE
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B 4 PR R R A RS, SR BEATRORE Tl 0 Mk, IR 45 R S IR AT X b, LR 20
2l LUFE 4 PR R AE R 4 20 5 B ORI N B, FLrb A8 ERE i 2 SR M A o0 B T O
P RUROR, I8 68.19%, KAGIES: 5 R M 945 A o3 5 R BT o B 20 KO 58.33%, A BB RS
FENE 45 6 23 5 BT o o 0 R 5/ N BB, 73 59138 5] 46.28% Hl 47.65%

M b AR TS AR AR R 23 B L A, W RIE BI E A 4 FREE S R, 2 5B R o i
JIT o5 B4 BT 2 B L Ol 46.28% ~ 68.19%, 145 R X I SR KE I AR T2 15 2 55 1 M S IO B fy 1 AR A 0
L2y s TR R A B2
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Table 2 Comparison of volatile content among coal samples with different metamorphisms before and after explosion

RN EG/I% RN EG/I%
T Z 51K L% TR Z 51K L%
FEKERT WIS FEKERT WIS
M s 36.88 11.73 68.19 A 30.27 16.26 46.28
KAAME 32.55 16.16 58.33 A 35.26 18.46 47.65
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TEFET 20 L BRI G B AL AR AE T R S8 v, 634 T 7 -5 5 JCCHE 33 Ak i) 2 52 W) 4% P 25 1) P
IR () IAE A 2 i U 2 ) P IO B B2 S0 T S R, W S R AR TR R E R G R T O E RS
X — R AR, R HAL S T OAE MBI T, 200 B TR T p, 2 1.8, 2.0 F1 2.2 MPa, 15 # 5 K HE
IREF[E] 7, 47 60, 80, 100 Fl1 120 ms, #4545 R ST 3R 3~4, IRl th O R E W& 3~4 s, LUR 4331
MR R 7 A K T F B T 3 7 T R AR A L0 AT o

R3 FELBIRTREEESKED F4 TEZVITATHRELBIERKEN EFHER
Table 3 Maximum pressure of coal dust explosion Table 4 Maximum pressure rise rate of coal dust explosion
under different test conditions under different test conditions
Dina/MPa (dp/dt),,./(MPa-s™)
T2 py/MPa BRI py/MPa
L,=60ms £=80ms (=100ms =120 ms =60 ms £,=80ms =100ms =120 ms

1.8 0.31 0.58 0.64 0.51 1.8 49.75 60.11 58.24 52.07

FicpLs 2.0 0.42 0.65 0.71 0.66 iRy 2.0 52.87 67.81 65.69 61.22
22 0.40 0.61 0.66 0.50 2.2 48.17 63.21 61.10 55.87

1.8 0.35 0.45 0.52 0.49 1.8 2522 36.80 41.94 33.26

KAaHE 2.0 0.43 0.55 0.60 0.54 K 2.0 32.36 45.29 46.13 39.46
2.2 0.39 0.49 0.55 0.46 22 29.54 39.79 44.75 36.72

1.8 0.22 0.30 0.49 0.36 1.8 23.47 40.83 30.29 24.07

AR 2.0 0.29 0.41 0.55 0.44 A 2.0 3321 45.03 4227 34.17
22 0.25 0.36 0.52 0.41 2.2 29.16 41.36 38.69 27.65

1.8 0.14 0.27 0.37 0.29 1.8 18.64 31.98 26.28 19.86

S 2.0 0.21 0.34 0.47 0.36 S 2.0 23.55 37.29 32.26 25.81
2.2 0.16 0.28 0.41 0.32 22 20.77 33.94 29.83 23.90
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S 3 AT MR A SRR M 4 PR A TE po PRFFANAS | 1, AR FRBT, XU 281 B KB TR )
B X 0 Y 2, 228 100 ms, UEPHFE £,=100 ms B, KA 7R ST ERIE 25 (8] IR B T e fE o BOIR A, BV o B i
o Tty PRFFAAE | py ZEALET, XL E] 4 Feh it 2D E e R T B XTI ) p, #2178 2.0 MPa, EHH7E p=2.0 MPa
B, A BROE 25 (8] 8 2 B s 00 B i e A

LR TG TR po Mt XIS B0 T 000 S B0 e RABRKE 1 52 M, 18] 3 25 A L HA I | R BRI R
I Do T Do 1o ZIATHY K R 53500 R

P = —10.556 +8.805p, + 0.05t, — 2.09p2 — 0.000 22 —0.004pot, (R = 0.95)

Poax = —7.78 +7.05py +0.03t, — 1.69p2 — 0.000 122 —0.003pot, (R = 0.95)

Pmax = —10.556 + 8.805 p, +0.05t, — 2.09 p; — 0.000 25 — 0.004 poty (R* = 0.93)
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Panax = =745 +6.50py +0.031, — 1.63p% — 0.000 172 —0.000 7poto (R* =0.91)

M3 AT UL, 4 AR p,oo F0E BRI T XA 4 KA, 43918 0.71. 0.60., 0.55 Fi1 0.47 MPa, 1N )

SR T804 py=2.0 MPa, 1,-100 ms, T4 p, A 1, 767 50 BHE AR BT AR BTN, p,o. BT,
B K3 FE B2 0

(a) Lignite (b) Long flame coal

Pma/ MPa
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S

(c) Non-stick coal (d) Gas coal
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20
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P 3 e MR KRR I A2 T g R AT K BRI 8] ) 22 A 56

Fig. 3 Maximum explosion pressure p,,.. as a function of dispersion pressure p, and ignition delay time ¢,
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AR B KAL) A B AR BE T ISR . N 4 TR I, 4 Pl vp 75 py BRIFAAL | o AR 4B, 3B . A
BRI B (dp/de) ., 35 T RIS R ¢, ¥ 80 ms, Wi KA 100 ms, YW 7E £,=80 ms
i, WL A BEIERT SRR (dp/de) ., (EARXT B, TG IEAE £,=100 ms IF Y (dp/do),,, (EARXT R . &

ty BRAFAAL | po LIS, W E] (dp/d0),,,, T RALWE IS B py #4970 2.0 MPa, 3X 5000 p,, B 1945
—.

LR 1 po F g XTIV SE B0 T 0SB0 (dp/dr),,, FISEIE, [ 4 25 s 1 KGR BRI
W (dp/d),,, 5 po- t, ZIEIHYE R 5054

(dp/d) e = —592.15+570.48p, + 1.79t, — 145.81p2 — 0.01£2 +0.2pot, (R> = 0.93)
(dp/dD) e = —566.87 +492.34p, +2.381, — 120.19p% — 0.0122 = 0.03poty (R =0.97)
(dp/dD) e = —756.91 +682.64p, +2.441, — 168.25p% — 0.0122 +0.02pot, (R = 0.92)
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(dp/dD)me = —470.40 +406.81p, +2.041, — 101.94p2 — 0.012 +0.09pyt, (R> =0.91)

S5G (dp/dt) e 5 po 1ty 1R SAUA HT AT (B 4) AT LA, 4 FBRERERY (dp/de) ., FETLE T 1
YW RAE, 200 67.81, 46.13, 45.03 F1 37.29 MPa/s, AN A M . A BE AT T 3 4 p=
2 MPa, £,=80 ms, KAGHEAIINE T 00 4 p,=2 MPa, 1,=100 ms, 24 p, I £, 7610 T 050 BFUE AN W7 48 Rk Bl AS B U
IINESE, (dp/de) e Y2 ETUR /DN, BRIV K 558 B B 22 A1

(a) Lignite (b) Long flame coal
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(c) Non-stick coal (d) Gas coal
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Fig. 4 Maximum pressure rise rate (dp/df),,,, as a function of dispersion pressure p, and ignition delay time ¢,
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RTEITERIE 23 (8] A 2 T fie A 50 BOTR A R W) 4R T 2, R K i 32 d i, B py R ¢, 792 T 00 B 3 AS
B R ECAWTI N, Py SIBWTI/, BRI B2 B 2 AR B poa T pon to Z IR =425 1] iy 1 45
AL A5 4 FREREY pa S5 sRECI T BB ORAE, 4305 0.71. 0.60. 0.55 F1 0.47 MPa,

(3) AR KTy b R R AR 0 BE i 251 R, M AN ZIE A SRETE py=2.0 MPa, £,=80 ms K, 15
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Experimental study on explosion pressure variation law of coal dust
with different degrees of metamorphism

LIU Tiangi', LI Yucheng’, LUO Hongbo®
(1. College of Safety Engineering, Shenyang Aerospace University, Shenyang 110136, Liaoning, China;
2. College of Safety Science and Engineering, Liaoning Technical University, Fuxin 123000, Liaoning, China)

Abstract: In order to study the variation law of coal dust explosion pressure with different metamorphic

degrees, the maximum pressure p,.. and maximum pressure rise rate (dp/df),. are characterized. The

variation of explosion pressure characteristics of lignite, long flame coal, non-coking coal and gas coal is
investigated by using a near-spherical coal dust explosion device. It is found that, among the selected coal
up to 0.71 MPa and 65.69 MPa/s, respectively. With

of long-flame coal, non-coking coal and gas coal are

dust samples, lignite has the largest p,,. and (dp/df)

the increase of metamorphism, the p,,. and (dp/d?),,,.
significantly reduced. Characterizing the explosion intensity by the explosion pressure characteristics, the
four coal dust explosion strengths are then ranked from lignite, long flame coal, non-coking coal to gas coal.
By comparing the volatile matter content of coal dust before and after the explosion, it is concluded that the
proportion of volatile matter involved in the explosion is 46.28%—68.19%. At dispersion pressure p,=
2.0 MPa and ignition delay time #,=100 ms, the p, .. values of the four types of coal dust reach the maximum
0.71, 0.60, 0.55 and 0.47 MPa, respectively. However, lignite, non-viscous coal and gas coal have the highest
(dp/de)

and #,=100 ms. The results are of significance for mastering explosion pressure characteristics under different

at p,=2.0 MPa and #,=80 ms, while long-flame coal reaches the maximum (dp/d¢),.,, at p,=2.0 MPa

max

test conditions.
Keywords: explosion of coal dust; pressure characteristic; pressure of dust injection; ignition delay time
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