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Method of synergetic multi-windows caving in longwall top coal
caving working face

LIU Chuang"*,LI Huamin® ,ZHOU Ying®,LI Dongyin’

(1. School of Safety Engineering, Henan University of Engineering , Zhengzhou 451191, China; 2. School of Energy Science and Engineering , Henan Pol-
ytechnic University , Jiaozuo 454000, China )

Abstract ; In terms of the problems of low top coal recovery rate,high gangue mixing rate and low top coal caving effi-
ciency in longwall top coal caving working face,the method of synergetic multi-windows caving was put forward in this
paper. Based on the definition of synergetic multi-windows caving method , by means of theoretical analysis and numeri-
cal simulation,the top coal caving method and the characteristics of coal rock mass interface at three stages top coal
caving including initial stage top coal caving, intermediate stage top coal caving and end stage top coal caving were
studied under the conditions of synergetic multi-windows top coal caving. The initial stage top coal caving method of
“open window at the same time and close window in reverse” was proposed. According to the influence range of coal
caving at the coal caving point,the velocity and movement equation of top coal particle during the caving process of top
coal ,an algorithm model for the initial stage top coal caving method was established ,and the calculation method of the
time intervals among caving windows in the initial stage caving process was deduced theoretically, which provides a

method for the application of the initial stage top coal caving method. By analyzing the characteristics of fully mecha-
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nized caving face, it was concluded that roof stability, gas concentration,the transport capacity of rear scraper convey-
or ,dust concentration and coordination of mining and caving in longwall top coal caving working face are the main fac-
tors affecting and limiting the number of caving windows which are opened at the same time with synergetic multi-win-
dows caving method. Taking the coal seam conditions of the 8202 longwall top coal caving working face in Tongxin
Coal Mine as an example,a numerical simulation model along the advance direction of the working face was set up to
simulate and compare the top coal caving laws,top coal recovery rate and the top coal caving efficiency of the different
top coal caving methods. It was concluded that under the condition of multi-windows top coal caving method ,the coal-
gangue interface is relatively smooth in the process of top coal caving,and the top coal recovery rate increases with the
increase of the number of caving windows at the same time, and the efficiency of the multi-windows top coal caving
method is 48 times as much as the single-window , and the top coal recovery rate of the multi-windows caving method
is 5% higher than that of the single-window.

Key words: longwall top coal caving working face ; multiple top coal caving windows ; synergetic top coal caving;nu-

merical simulation
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Fig. 1  Schematic diagram of initial top coal caving process in
multi-windows top coal caving method
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Fig. 2 Schematic diagram of multi-windows top coal

caving method
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Fig. 3 Schematic diagram of the coal-rock moving

boundary in initial top coal caving process
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Fig. 4 Schematic diagram of coal-rock moving boundary at

different time in initial top coal caving process

ARG AT B D7 B o S R B BE P

YRR V LA ) ¢ W] IS S FR el (1), 7
R U R IO 11 | 7 J R 43 B A A5 s T) B2 Y
A 2 0, 5 AR R O T RS o AT A
SIS o ST e B R T R il X AN
Hr R n AN E] ¢ SRR R, BT A5 3] 48 R 1 o i

Rt H S PATARAR 2 AN OHE TR I 22 ¢,
[ﬁltl + VZIZ T F V’\:lﬂc :hn
1771Ht1 + Vni_llz Tt V;;}txﬂ =h,,

4171172% + Vnzizlz T t VZ;ZLH-Z = hn—Z (1>

Lvill + V;t2 Tt Vrlztn = h|

M 50 o A o S R B R A
K2 R« E AT AR AR, M5
1,2,3, -+, x—1 ADTHCEE O [R]EERE s, 056 n A0
F gl b RgREA o L& A 2, 2455 1,2,3, - ,x
AT RS TR XE 2R n AN TORE e B RS
S3 PR s B[R] iR o B R w B, X
55 n ORI 2 b RIS 43 B A S e DU i
55 ANHOBE D B R IR S /2 O 1 A B KT S
S (nl=0.51-0. 5x1) , H.iiti /&

R=1(0.30 ~0.36)h + 0. 5xl (2)
nl - 0.50 - 0.5x0 < 0.5x + (0.30 ~ 0.36)h
(3)

4 ] B SR A SO 1 B a— 1 B BRSO
XFER n AT e I o3 T AT S ), U)ot
BFEE n AR T B P 2R BE B (x—1) /2 B FT AR R 7K
S ES K nl-0.51-0.5(x—1) 1, Hii &

nl —0.50-0.5(x = 1)l >0.5(x = 1) +

(0.30 ~ 0.36)h (4)

Barx(3), (4) 153

(0.30 ~0.36)h =1 < nl - 0.5 -

xl < (0.30 ~0.36)h (5)
A AT 15
n—-0.5-(0.30 ~0.36)h/l <x <n+

0.5 - (0.30 ~ 0.36)h/I (6)

XFFORAFIY a8, BT o (BRI I R R, 5
ATEE T SRS n ASHORE D AR 2 BT A B
TS AE BRI

A1) A A M A JORE BB T e o3 ST Y
BT b, AT ARG O 0090 B S WO A R
T AR AR OO B, AT 45 U R, B 25 R

(b —p-nb=050 1

h =—h
nl 2n
hu*l =ih
2n
5
h _,==—h
n-2 2n
= 1)
hy = 2n — Sh
2n
h = 2n - 3h
2n
2n — 1
h, = h
U 2n

2 (8) WL PREAR YR B R R sk
fifp S P AH I P AN IO 10 22 TB] A I T 25 ¢, I, 25 BT
GURTR T 2 L A o ST R R, S



2636 # 2

www.chinacaj.net

F % 2019 4E55 44 %

T SRR Sl R TCE AU RO H
WA SR AE R A ) URLEE 1T R U, KA SR
BUE DL SR A AR ACA (), rIH R 4 (1)
AR ST T R BV, ETO J7 R AL R B n ST
BeibArsRkig .

pro_(m+ gl Y +Z2\" (0= DpgX
' mkx" KX" ) (n+ 1)npyqet
(8)

KK n,m RS w5, SO SRR BT
Kesq ERALIN ] A EE AR ARSI g DA BRLASE I ] )
AR o, NIRRT E ;p, A U BE 5
BRI R B X, Y, Z 20 50 OB AR AR

R SR At B 0 25 A ¢, (B, 5B n AN TUEE B R
JRCRERE B Ry T, 565 n—1 AR R 8] oy 7
s BT AN TORE T SR TR TR A T A R 1T
FEA IR T R Rm

[Tn, =1

T, =t +1,

T, ., =t +t, +1,

T, =t, +t, + -+ +1&,_,
T, =t +t, +- +1t,_,
(T, =6+, + 0 1,

R SR AT 1025 AS B 11 TF i A st ] 7, w] LA 22
JROHRE PR B i e 8 v A IO 11 ) TR I ) 2R £
REra R, LUHTER 06 O R 45 R | RS TR Il —
UM LR B o AT, SCHR TR A O 1 T
JAmSTE] T HYFR 2 S 408 i it S50 = g AR, 5 B
W PMEAFAE R 22 , T B AR 5 Bk 2 28, H
AU ER S [ HE SO 0 s iR T A3 5 v,
WG RHERE  3X—R I S ORI e 5 E
— IR A 5 FIELZ1IR

3 ZHE AR B R AR 7T

3.1 HEmEE

Hh )RR R A TR AR ATy 3 L T A o
) O AE TSR B — A~ I UL 2R 0 e 70 5t
T2 5 RIS AT IF n AN TORE 1 HEAT HOBE , 4 18 DL AT
SR I U AU G P LA B T 1, 3T TR AR AT Y
ARTBCRER OB AT ORE, B 2S5 1 AN JiosE B DA
IF, PSR 1 AR FTIFER n+ 1 AT T, 25 2
ANTORE T VLTI, DGPTSR 2 OB T AT IFER nt2 A4
TR AR 2R n AN TIOHRE 1 ) I 328 L , e J o
PR T 2, AR UK AR 1 AR K P T AR 10 BE AT T

B ELENFTIFER N ATIOME D AT OS2 0008 E R
(g IO RS
3.2 HEMEEE S R EFHES T

Z TR R R v DA B R[] 58 5 U
JAASANTIORE 2 S B AN O 1 15 1 TR 3 7
JEAE— TR 1] AT 111 J7 TOUREAR 2y k1]
K TURERURL AN HIORE B2, 7 B % 0 i v 45 R AH
(6] A5 s RUBE 382 T AR X85/ 0N | R 96 B BE B %o T
SRR )L PR TR 1T B 7 B THOREAR FBORE BE AR 50N, 7
H v A B AR LB s MRS S AR, AN AT
TOURER | 7, B Ve BE AR X 1S, RITE 22 500 11 v ]
RS AR B[R] — 2R R RS M R SR
ARTCRRE 1B T ) TR 8 9% o R B, 5 07 i i e
S/ NI TR 1 A DT OGP I I 30 1 OARE AR
o ST A B UL S v 6 (I A
B o S L U A o0 B 7 v, B
JCT B 73 B TR R 8 — AL A G [l )
FEAR, UNIEL 5 Fir 7 o kA Bl 2) 7 B R B 3 00 Y 2t
11, 280 2R, BTSRRI SR UG 2 | S5 73 5 I EG #R
Y R0 R LB K (P S ) o e o 5 R i ) [
)7 R B2 TR AT O A TR 1 e A T V5 R A —
TEIIRER , 2B AT I A4 HORE T &S g i i, m] L
INFHAR PN TEORE 1 B D7 A THOREAA TR JBE 22 5, Dl
T PRI A < (0] 2 R filH B R T U AR
HOT IR, Y TR IR RE BN 7 2R 7 ]
T JUPAFI IS P TR 10 F) TSR 1) 22 B =2 3, S 3
FHAS PN HOHE 1L J7 RO TOUBERA HEORE JEE 22 S 19, (i1
R o B R R i [l ) AR s, I, 2 R
1 H e A A v BB R B TR [l )
JEEAE [R) — TIOR8 B R A A 7 T 5, B I P 4 T
T BRI O 120 54 22 T i3 , - LI TOORRE I 18 f 484 o
M55

4 SHREOHEMERIRBIETT %

R i O R 22 TR R 9 i B B, S R A ik
SRR PRI OB B BEAR LE , R S A R AN T Y
JRCHRE T, $2 B DR ST A9 JEU0U) 528 1 0 /> [] ke 1
RO VRO B3 1 Ok AR5 (N-n+ 1) O H
DLATRS, SEPTZORE I, PR AF n— 1 A THOBE 138 ST
5 295 (N=n+2) N HCEE B ULAT DG 2R BE 11,
R n=2 AR R OB, B2 ACA R N AR D
TRORE 20 N AN TORE T B S AT, A ks 36 R S TR A e Y
LU0, IR AR T AR IHZAE DR IS RO 253, R
S TR R Y TR ESFT  B) TORE A i b,
BOVURE S I P BTN OB MTURER R



oM X

www.chinacaj.net

o) 26 ST T 22 O B R A Oy 2637

s =

(b) T+1 %]
W55y R

0T s
E‘Eﬁz “E/&”

=

1 2 3 = nntlntd-—
(¢) T+2 %l

5 wplalECRE I R A [T 2 B R SRR 2
Fig. 5 Schematic diagram of coal-rock moving boundary at

different time in middle top coal caving process
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Fig. 6  Simulation model along the dip direction in LTCC
working face
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Fig. 7 Simulation of single window top coal caving method
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Fig. 9  Different number of caving windows in initial top

coal caving simulation under
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Fig. 10  Different number of caving windows in middle
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Table 1 Comparison of numerical simulation results
of multi-windows and single-window top

coal caving method

TR = TR %/ % EAH/101
BAEB NI 78.97 399. 95
KBTI 1 4R 82.45 521.09
AR 2 20 80. 53 479. 90
[ RIS 3 AN 83. 49 96. 37
[FII FF A 4 AT O 84.96 76.92
[ FF R 5 A 86. 27 63.23
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