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The formation mechanism of shock waves in the coal and gas outburst process
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Abstract ; Based on research results of motion parameters oficoal-gas flow,this paper analyzes the formation mechanism
of shock waves at different states of coal-gas flow in_the coal and gas outburst process. While the ejected coal-gas flow
has not exceeded the critical state, nor has it reached the state of low under-expansion , both the flow velocity after com-
plete expansion in the roadway,and the overpressure of forming shock wave will be small. While the high or super high
degree of under-expanded flow expands in-the roadway , the flow will speed up with an explosive process if the roadway
space is big enough. Conversely ,if the roadway space is limited, the final overpressure of forming shock wave will be
smaller , but the dynamic pressure of the two-phase flow and gas static pressure in the expansion process could seriously
damage mine production equipment or facilities. The results of these tests are significant to the pre-warning and pre-
vention of outburst disasters,the formulation of contingency plans,and the optimization of mine safety facilities.
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Fig. 1  Sketch drawing of shock wave in pipe
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Fig. 2 /Heavily destroyed driller

2 RUMEKIERRERRE

B PLHTSR H oh o 5 S5 B T oAb s <ovb iy
QIR h: JaNC S SN A S =R
RypPoe i) — 48, RA A TR K I RRIENEEL S
B g e TR Ap | FE 48 MR VR T AT 7 I i
EE UK ERE T FAE R E 7, %, (Hix ek
SHEID MRS LAHREWAR, EEEH
fE

(1) R b i B M EE S FLRES R
MRS AR R EMERA LRSS H
BIAR, HA e (B iR Bk FR IR 1t
BABENRE. EFICRIRBLH D, REEHAHE
IR R 2 5%, TR % o i R T AT B UL A
TSR R o I 22 Y it U s i ] 5 7l k
SRFAEZ M RERRAXIE, B TR R
FRAEFNAMEN, JOB R E A —E HHEY
MIEXE,

(2) HE LGRS RAEEE RBIOBEER
FIHERL, (15 5% ) vh ol T URIE 48 19 & 1 B BLAR AL
TEH RS (BFRL) B HIEIRE S, BHER
BOBLIE B B 2 & T HAOH T bl e
WX i B A EE W, BT
BOBL S P A EAE A B 2RI R RE R,
AR T ook U5 B R VB, IR T v U 98 O B
WER. RIES AL T IS B sh <R
R L, (8 HAE R 38 S UE T SRR Sk,

(3) 5 FLIT R T 12 B 4 177 By e 18] M LD 3



H3M

HEE S S TR bt B T LR 369

IR, B R AR R B R o oy ik T LA
W, 5 R E T FUATEUR AR B AT LR IH]
F,

58 H b R TEAR B R P B IR AR N A B
R, HEFRE S bl e E B E EH
R R A S E A REREE X" . HERLE
R ERNB RS R T T, Hlin s Kb
WABE Ap 4 0.02 ~0.06 MPa B, A2 47 [EFid
P ERERE NEEESG, TRERER LT H ME
P ARSI XU AR ST BRSSP B R IR A S
EERREE. Y= EEE Ap 4 0.06 ~
0.30 MPa A}, K¥ ASHT, &8 BB,
MTFILRRSBEEZTAMTE, KFLLHRER
ISR AT o (6] 42 30 L 2 i 37 it R B
PHARAT i B B . R R AN, TARmMHEA
RAfEEZ TR BN E RS AN E S
MAEEEHIFEL,

WHT £ EAME S TR S, BT
YEA R &G rh i BB E R iy A SRS T
FEESAERESMGE, HEFLER/ . BB
Bk, B FEAERTEHNHE S LR ENRG, &
FETIHBARERME R, EEATRSLHE
W E RN EFE L E, A T Wy R A E,
SETHELEFERR, BYTEXNH PRl
BT AT .

3 RUSEBRPHARNESHNRS

A EEREE A S TR a2 , PIARNA s sheiR
BRAFN . TEFHLE O /MER BT F 0 - L
TP AR L 05 B AE LR 1 K B0 75 i B AR S R O i
FRE. LAEFORES AR A, R AR A2 3R
BRMRAT 53 1 B AR AE B (A5 18 58 ) fLIH P A
o) : @ AR RAEKEE p. FTHBESRHE
o, BIREENTE TR o (FHE o, fHHE-FH
PRI P RO, B /D TR A& ¢, T
) ;@ AL RAREE p, K TEESARE p., H
RABEELETHE o WA, B OAREKLTRESR
FEROIRAS , BRI L T — L 357 R 4 O 7 8 1 s ] o
471 98

i T4b TR 18153 SRS 6 76 AR U A 4 1 5 ]
HLE B REAR R, H il RSB = SO b
HER PR R

4 RERHEHhEEIFEIE
5 L2 B S 2 LR L R 2, 2

B ORE KR ZIENBENERSTILE S JERY)
B U R RO & B TR R G
iR SEL A EE MK, BAAH R E MY
W AL, BVETER H- 7] — LG R s [R] A2 B
R, HFHEW AR ME , F it B e TR A A4
REE TN BN IR SRR LETHE, AT
X 5 i AR o 7 A B e AT R AT, A SO A
FE R, BERE S I 22 P B AR B B, g A B
ISR e i MY BALEE T R T
4.1 FHERKBIHFKS(E 1 #ER)

- TUIT P AE R I SRS I, S i AL
T AR B BLAT BRAL T o2 AR, HomR ok mE ih
MR LT R T oo RIFEIF
R RE BRI, PR TR sl AR 4 Bl = KR,
S BV B — 88 JF R 4% A i 5 TR ) v i 5
T, R BE S U, HoRV/ 5 e iR BV, B
RTURAR & ¢, A% p, KR E ) p,, PR TR
R p, SFSBCR 5% (W A XS 3

JE)[Z’ISJO
U= [Pn(p/Pn) ~1
P 1 _pm/pb
v, :\/(Pb ~ Pu) (Py = Pr)
PuPp
FAX(D),(2)"1E
V, =

(2)

Ap

AT
2k p,
e, =340 m/s,k=1.4,p,=0.1 MPa,p, =
1.29 kg/m’ B, I (3) Al B R AR B V, 5%

MEEi R KHBIE Ap ZIRIHICR ML, I 3 Fin.
300
250
2 200}
£ 150+
§‘100-
50F

(3)

pmcl 1

0 40 80 120 160 200
Ap/kPa

B3V, 5 Ap WRRML
Fig.3 Relation curve between V, and Ap
B 3 AU, W RR B E Ap BRE R
PRIEFE AR R, B T WA A BAE
e, RAJLTRER, Wb, 4 - B3 P 7R i it
FolRAsE, Kb B RS E 1 X0, R EE



370 23 3

% # 2013 445 38 4

Ap WHBAK, Bl V, =50 m/s B, B K i
Ap % 0.024 MPa,
4.2 FHEREITIEFRE(E 2 HER)

0K - FL I PO AR R AE 28 FLIR ) O b ot ik R
REE AL O#E p, KRTHBESREHFE .o
REIRBN 1538 % B O T — B30 75 48 000 5
FLiR B, LA A& B RIS, B T Aol 3 iz 3 sh i
X B R SRR IE R AR B Ak, R G 3 isk IX 4 B o i
BRI (4 B2k, RBEZTE LK), 213k
WX AT, Wikm TR 6 fi. ITHf 6 MK/, B
R RS ARSI p, BOF/NBTRE

N/
yi47y

P

‘ RHFLIA '\\

B4 MKk AERE
Fig. 4 Diagram of flow expansion principle
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