55 44 545 8 1] C K 2 e Vol.44 No.8
2019 4 8 A JOURNAL OF CHINA COAL SOCIETY Aug. 2019

I Al

JARE R, XA SR, A R TUTR R R Be S I F Sfem [ 7] M7 41,2019 ,44.(8) :2377-2387. doi: 10.
13225/j. enki. jees. KJ19. 0657

ZHOU Fubao,LIU Chun,XIA Tongqgiang,et al. Intelligent gas extraction and control strategy in coal mine[ J]. Journal
of China Coal Society,2019,44(8) :2377-2387. doi:10. 13225/]. cnki. jees. KJ19. 0657

&,

Bk
R HT & sE R IE 18 5 R R BR

Rz 4 & ER&E G BET

(1. P ET A2 B ERARLEF TRBIT O, T B0 2211165 2. PET A2 57 10BN F AR R oy 54 TR, Tk
BN 221008 ; 3. WIEGEET K2 BEIERIAS TRE2ABE, TR £E1E  454150)

i EATRHNBRGZLRNEZERN ET RN FRSRGRE, 23T LR E
PR -F LIRS ARADIER FTE ARKELHHRLEARZAH EH‘TM#C EIT RMFHRE »*‘t
A RACAET AN IR H A BT UAR AR FARY R M T ETH TR REAL L%
B BRI R A ALK R GRS T R R, éé}t#ém%zﬁ&f#@m%zTF?« VA
Bk 3L ROR BAR T AR AR B T IRF TR R e A 284 3,42 8 T 48 2 69 I AT
TR R G R ek 8 AT Y B AR B AR AR LA IR I T B A R R ARk R 2R B T BoR AR
B AR AR LA Z , TR BTG R MR R ARARS, RE,KITT HHIELRL
B B MAL BB LS R R SRR FRSARG M TSR AR, FRATAT
DI W AR AR IR ], I BB B EE RS RINRERER B A EE RS S, R
YR L E X A%, BB M R A FHUE P an SN 58 KA T RA S5 T R M
FIR BRI A E FAFEAR T & A3 50T M RAE A KR A E R0 TAEN R, AR T iR
AR AME A RS RART R0 BB A, AR TG EHA XA F T HLEX 2 AL
RRN R AR, TR AN B 5 B A BB AT B R, e S R A A 5] 22.59%
Fo 66. 7% , A FLAT% 7t i 2 R T 45 5,

LW A BT AT A AR A R R R AR

FESES . TD712 XEkERERS A X EHS:0253-9993(2019)08-2377-11

Intelligent gas extraction and control strategy in coal mine
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of Internet Applied Technology of Mines,China University of Mining and Technology ,Xuzhou 221008, China; 3. School of Energy Science and Engineering ,
Henan Polytechnic University , Jiaozuo 454010, China)

Abstract ; Precise gas drainage will be the way of gas control in the future. Currently ,there are many problems in gas
extraction,such as the unreasonable distribution of negative pressure, no timely regulation and control, high energy
consumption and poor safety in underground gas drainage. Therefore ,the principle of precise gas drainage is proposed
based on the safety and efficiency principles. The flow governing equations of methane-air mixture gas in drainage sys-
tem are established. A parameter optimization model for gas drainage pipe network is built with the maximum pure gas

drainage flow rate as the objective function. According to this model , the safety and efficiency of gas drainage are quan-
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titatively determined from the constraints of single parameters such as gas concentration, flow rate and efficiency ratio
etc. On the basis of the model, theoretical analysis and numerical calculation are carried out under the working condi-
tions of temperature in drainage area which is higher than the critical temperature , the pure flow rate of borehole drain-
age which is lower than the prescribed minimum pure flow rate of gas drainage ,and the gas concentration which is low-
er than the prescribed minimum of safety gas concentration. Also,the corresponding optimization strategy of gas drain-
age system under the characteristics of borehole gas drainage is put forward ,which effectively increases the gas drain-
age concentration , efficiency ratio and pure gas drainage amount. On this basis,an intelligent gas drainage system con-
sisting of data-aware module ,communication module , data processing and decision-making module and control module
is designed to realize the connection of things with things and things with human. An intelligent regulating valve is de-
veloped based on the Internet of Things (IoT). The data-aware module includes the sensors of temperature, gas con-
centration and gas pressure ,and the communication module uploads the data to the cloud storage, which provide the
path to measure and control the system by PC web and mobile phone client. The technical method of improving the ef-
ficiency of the water ring vacuum pump with high polymer drag reducer is proposed ,which greatly reduces the turbu-
lence loss of liquid ring and frictional loss. The two kinds of pump energy-saving system including surface closed type
and underground direct injection type are proposed. The technology is successfully applied in Luan group of Shanxi

province , which achieves the power saving rate of 22. 5% and water saving rate of 66. 7% and provides a basic support

for gas precise drainage.

Key words: coal gas;intelligent drainage ;control strategy ;intelligent extraction
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Table 1 Parameters of gas in borehole
2R el 1-1 L 1-2 L 1-3 L 1-4 el 2-1 il 2-2 Hifl 2-3 Hifl2-4
TR/ 0. 101 0. 101 0. 101 0. 121 0. 131 0. 131 0. 131 0. 131
VIR A/ (L - min™") 1 960 980 1 960 1 960 1 820 1 820 1 820 1 820
TXBHS1/(Pa « min + m™) 25 10 25 25 50 50 50 50
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Table 2 Initial opening of the control valve %
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Table 3 Opening of valve with coordinated control of each borehole %
Bifl1-1  gifl1-2  #hifl1-3 Hifl1-4  Hifl2-1 Bifl2-2  Hifl2-3  4hifl2-4 S S 2 A
100 10 100 100 10 100 100 100 100 100 10
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Table 4 Gas drainage concentration of each borehole before and after the control of the valve or pump

%o

S8 Hhifl 1-1 Hifl 1-2 Hifl 1-3 Hifl 1-4 Hhifl 2-1 Eifl2-2 Hhifl 2-3 Hifl 2-4

VLR 51. 61 15.92 50. 08 51.59 62.01 61.24 61.24 62.01

B PRESFLIRITTIFEE R 20% 51.28 16. 80 49.75 51.26 61.69 60.92 60.92 61.69

EAREFLA 1 FFBE R 10% 51.01 17.59 49.49 51.00 61.44 60. 66 60. 66 61.44

ZEGFLIRIT B O3 [ 4 48.98 18.07 48.93 48.96 60. 83 60. 81 60. 81 60. 83

R e k> 5% 53.15 16.79 51.61 53.12 63.49 62.71 62.71 63.49

TR I 08 10% 54.87 17.79 53.32 54. 84 65.11 64. 34 64. 34 65. 11
PRI AB AT T 00 0 e A8 B 25 i B A ok R 4 FUITHIER R e = R Al 8 iR,

MBATIEOL ., R S e S B AR S, 4R 7 I8/ 0N,
FL I At Bt 2 9/ ), 32 T T 398 25 AL P iR AR Ay
¥, B S SR THFL 12 FEAE U AR Bkt
SRR AT, LS AT LU HY R 5 4%
Gy AN 5% 1 10% J& Bl 1-2 PUET SRR 321
Sy 0. 8% F1 2% , KA FLETIARFR 43 053 1) 3 K
1.6% H13.4% , I B HAEFL BT IR F A B0 R TR
FEEERAIN (R 4), 6 JAS[R R A 5 3 B30T 4l
SRALHE LU, 245 5 22 R IR 5 U R AR Jh R 28
REFERRAR, R 28 G0 R AE L3S K, b R 28 775 1 v/
5% F1 10% 7] {4l SR 5 G824 68 L 43 01 38 fin 0. 6 il
1.5 m*/(kW - h) . FISRIIER G R BbhR 4l
AR KA Bk, iR 55 R R AR
J& , FCR gl AR A I AN B (B 7) , R R R
A5G, T 2 W TRt A A b 25 BRI 4 BT SR S s 3k, ]
T 1 [ Bt e b R Ak LU AN R 4 i ) H Y
2.3 ENMEIARELRRRE

F T FHICR 2R G019 48 2 FIRSCR 6 bn ) e ]

(1) By S 28 A9 Bl s A2 SR R B A2 S 4 4R
ORI R A AR G sh 2580 | il T Kt 4 i
W0 26K 508 19 2l i 3 RO 0 R B SR AR R S RO BL
BT o IREHE AL BT A B AR R S R

(2) HEEE FUI iR A ) 2 L AR Y | FUIOr 4 i
TR R GOH RN SRR ES R, LSRR
PR il R BT BE FLECH | TSR B AR
B 9 | R B R O B S SR TR A AR IR
FIWTR T O AT 5 2 A5 ORI A 20K

(3) WRAF A, WTCTE R, R AARE &, W 5E
T RIS AR AR B, 1 E VA4 SR, ] S B R 1T A O
& R HRE MUK S TS E, BB HirS
bV @RI

3 ATERHERMRAREEREES

FUIR BERR RGO RERIR A0 PR B, & 2
B AR i {5 AL F S R Ak L PR |
P AT T o A, B R A£G PLIr i A |



5 8 M JEIAR G255 BT TUIHT R RERR BEIE -5 1R 12 R 2383

32
31
30
29
28
27 _
w60 — L

Bt Lt TS

RIS &/ (m’ « min™)
RAEHL/(m3e (KW e b))

s -~ ~ TR 5% 10k —e— kA%
5 L’ == EE R 10% —A— ELTOR /N 10%
; 1 1 J 9 L . | s . | | L §
20 4060 80 100 0 10 20 30 40 50 60 70 80
R I 4655 K 71/kPa 15 J4)/h
(a) FRIEH Tk~ e 7 2
427 K6 ik RGEAAE LU RS # AL 1l
. 18 Fig. 6 Energy efficiency ratio of drainage system with
=< the pump speed change
tir 34
% 9.0
B 30 >
= ~ 2 = 85
261 - - - P 5% Y %80
—-—- FESH 2 10° N, %
22, L ‘jz:l;ili{}j//llo/'J L I I L \:I g 7y
20 30 40 50 60 70 80 90 100 mg 70
R I J)/kPa P
(b) R TA-TE Sy £ = 05 —m— fLid AAp
e - R 60| —o HRBNS%
el 4 ARALIERT T AL A D A A A I e G
Fig. 4 Variation of pump operating condition with the 0100 20 30 j‘4OJ 50 60 70 80
& k) /h

decrease of pump speed

24 ¢ K7 iR R GE FLT R Sl i B % i 1

Fig. 7 Pure gas flow change with the rotate speed of
X 22 .
8 gas drainage pump
=
g pclis
3 i 5 Bk R
2
= —a— R AR
E16 [ —e— s/ S%
—A— FEIRN0%
14 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80
IS [)/h

() HALI-2ECHT AR 2
65 LT, A

A s S

FLA R AT A

60 e
SRR

o\\‘
Ed
&
= 55
X
= N
fé 50 | —=— FEEAE ¢
fuo —o— FEIHR/INSY%
= —h— LR/ 0%
45 C 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 No
HF i /h
(b) BB LI AR 5 %1
IS AL 1-2 LR BRSNS bl R 5 o A BTN e

Fig.5 Variation curves of gas drainage concentration in No. 1-2

B8 PLrdh R R G AL R e i

Fig. 8 Flow chart of optimization strategy for gas

borehole and header pipe with the pump speed change
FLHTIARR 80 . CO AR R I BE T (IR T 55
IR | I LU IS S I AR BBCEUHE | 138 iod e TR A

drainage system



2384 # 2

F ® 2019 4E45 44 %

BRI T T M 46 Tolk ORI M = ik 557 &
R R 2R GEA5 R 23 ER IR R R AR S K £ i 2 i
Kb B DR | 28 3 AR O A A R 355 o0 B Ak B
Ja AR R G R AL R D7 ik e

ok J%jh}g E;égjg >k ifmu
- oy ® R =ik
iH AR © iEMkEE

A BRAS R 1 % P S P S I B AR B
R T H: T 255000 FLAHib R B L ST B LA |
AR AR T, LIS St U Rl % . LR e
R RS N 9 R,

#=H |
T
7S
HmAL | |
R
-*x‘?-i}l;%
AL
s
7S

HiR | |

T
G By 2% P i

Ko FRELIHIR RS

Fig. 9 Diagram of intelligent gas drainage system

B LA SR Bl 122 T 2, i SR X B B 3 2 Bl
A = D, AN [ SR X R G M TS
Bk i DREE ) I, n] LURSEE M
SRR P A T[] 39 2 BL T4l R 22 A 2 AR AF
SRR ARBTG5 BUAER X G e A T
SR B A VT AL, il R 28 58 O BB A AR 2R
PRI | 3 424 19 45 i 10 0 Y 4 (R B , 2 A DI
HAUNE 10 FoR

I —

RS A2
—- R A
—= il S
—= U B

= T BT

Pty

Rt

Ft o+,

e e

E,

g
F

ko

e e e e SR ]

P

&,

o 4 4 L AL 0 o e o
e
e b

ot
F

Hd
o

o

=
£

o
1!

e

.1_.
L

.
i
%
S
5
iy

o+

HRA R

]

K10 AR X RSB A VT E s
Fig 10 Dynamic matching principle of parameters for
drainage objects

TEAHR 2R G B &5 U5 1, 25 T4 Lk I )
REAL I N a2 3 A RE A S U R SCBER E -WU A
B N-YAE” O BE T R R R SR BRI
PERIHEAD . RIS & 1 56 T I T Je LAl a0 RO
R RE VR 0 1T, 1 1) A SRR e 4 I A JRK

i | BUITV A% IR S A% Rt 46 | 3 TRBE HOKE 4k
P& F1E 2 Yeelink A7, 18 33 B i Web [ 51 15
PLE P S B I S s, Al 11 fios >

UEAh, ECHIR RGN 3 1 ot — K IR E A 5
AR BE TR T U B AR R R Ge REHE /K B 0 Ak
METFR E A KA B A R AT AR A 10% ~
40% . Wb, R KB TR i OSBRI 4 K
IS ERR BB AR ITEDS, DL 43 F 0 ML AR
IR IR LA B TAEA 0, A3 R AR T IR BRI it i 45
PGS T TR B G . T LR
PR T A R B 2 AR
ENRERS, W 12 iR, Huim e R %
ALFE FUMTHIR A B B S R 5 A
WSS RSG5 AN HMER R GE R 807 e &
% T HEEXRRGEAEA XA R E
W Vol BFLFR A A TR Kt e, P ( I T A a8 1 7
HR Y FU AT R A S BT BE SRR

AR TE L V8 % 28 48 A A B Bl 52 0 T B
TR o Hi T 4 3 P 2R G A RO T RC
TR 2 5 BLHTh ORI (U2 1% 800 kW) 113 56 %=
B e R G R AR AN A 5, KR B A8
TP RER A F 22. 5% , KKK 66. 7% ; I
THERRGIEAE BRI T 3 bR A 1
S (BUE IR 250 kW) FIR 6 R I, K IR B s
TRERLR T IAH] 20% , FLHTHH R K PR B 28 B Y
il B A0 B AR B0 187 P TS 8 5 ik, o U i
Rl KR AR Z —



5 8 JEVAR S A5 T PUIUR RS REAH R BS54 SR s

2385

R

REAEREE  RUNRE s

¥ b

ArduinofZ | 2% WIFLY B
(b) FEEHAM
BT 5 peas il i 115 D 2 e A

Fig. 11 Design principle of intelligent control valve and composition of device

kAT SR ERCR i ek

0 B IS EI K TR B
— e R ——

AR A PLATL U
e

T 7K

(a) A 5%

R

HER AR

(b) HFEHRX
P12 BT B IR K PR LA T B AL R 5t

Fig. 12 Water ring vacuum pump energy saving and improving system based on drag reducing liquid



2386

=
e

1’ 2019 4F45 44 3%

4 HLERE

(1) 3R T TUTHIoRAS W 22 42 5 0R IR I, LU
K ECHrR 2l i Dy H b R &5, il R FUAT e BE AR
FLHT Al AR RER LA O S 1 LA
FRAE SRR

(2) BT FUITAil R AT ) 2 2R AR AR A ) =
TP BT, B4R DX IR o o 53t 3t 2 A
PR AL RAR TR 2GR T FRAGTE B0, 32 1 7 X BL A Bl
FL2 A SRR TR 24 R Al 12 i AL >R 20
i N PREORADR AR T B s RIS, AT LU
ARFHR 2R GE R SRR BEL T (1R TT OB ) 4 R 2 By A 2
FEE A B vy FUIr R L

(3) B T Hh B AR B e £ A e e %
A 5 PR SRSB4 T S e S S 2 Y FL AT
RERIR R GE, TF & T 2 T WK I B AR )2 RE 11 1
o BT 0 Del BEL 7R £ v 7K 3P 028 AR I 4
ARIT WREHET A 20% LA b, S FUITE re fi R 42
BT BORSHE

FUIE BRI R S 2 Bl o PRk AT
F GBAF R AR 22 2 PSS SR, AR Ok R 145 it R B4 AH
RIS AR AIELLT 2 A5 1

(1) WHFERBI N1 -5 - Z 585 T
FHRAT ML, 2 T8 H R\ LA oy, e it &
B AR R R R TSR, 2T AR
) ML~ REAZ IS HOR R LR R 5t
ZIRSHUR B RGO R  dlt Sr FUIrih R R S
SHIBE LA RS W FEAR RS, W
BEA RS PERER T30 e P e 7

(2) BF A Al 2R A ) 5C 5 2 M e AR TR Bt
S BEFTA R AR G0 BE A i A T B B R T K
ST LI R AR R SR R 1] HER OK #75F
BRI S, B - - BT
V- 3 RO AR A i AR, S BRI R R G
RERHN S 1 3 B4

S 3L Hf ( References) :

(1] FEFt. U REmR A AR IT [ J]. A% 4 ,2015,46 (12) :
179-183.

WANG Chunguang. Discussion on development of gas intelligent ex-
traction[ J ]. Safety in Coal Mines,2015,46(12) :179-183.

[2] WANG Xinxin, ZHOU Fubao, XIA Tonggiang, et al. A multi-objec-
tive optimization model to enhance the comprehensive performance of
underground gas drainage system|[ J]. Journal of Natural Gas Science
and Engineering,2016,36:852-864.

(3] JtE, E&&, LR, LT 2R KB [ T]. e

(9]

[10]

[11]

[12]

[13]

42,2014 ,39(8) :1659-1666.

ZHOU Fubao, WANG Xinxin, XIA Tonggiang. A model of
safe drainage of coal seam gas[ J]. Journal of China Coal Society,
2014,39(8) :1659-1666.

ST A BEIFRBLAAR[T ] R, 2017 ,42(1) 21-7.
YUAN Liang. Scientific conception of precision coal mining[ J].
Journal of China Coal Society,2017,42(1) :1-7.

TSGR RETFR A W I 28 R OCREBOR [T T8 A
F1k,2017,43(10) :1-5.

YUAN Liang. Framework and key technologies of internet of things
for precision coal mining[ J]. Industry and Mine Automation,2017,
43(10) :1-5.

Egpte AL hEESE R RAHAR SR T]. Bk
Bl 2014 ,42(9) :1-6.

WANG Jinhua, HUANG Zenghua. Innovation and development of in-
telligent coal mining science and technology in China[ J]. Coal Sci-
ence and Technology,2014,42(9) :1-6.

SOLH T, TR, SR80 L —fi Jy Wy R O B
W2 A 5 RERAT[J]. MEHEER ,2012,37(3) :357-363.

WU Lixin, WANG YunJia, DING Enjie. Thirdly study on
digital mine:Serve for mine safety and intellimine with support from
I0T[J]. Journal of China Coal Society,2012,37(3) :357-363.
BN MR, . EE I TR I BTl R G4 b it R
FLI]. SR 5224 TR #4%,2008,25 (1) :119-122.

ZHAI Cheng, LIN Boquan, YE Qing. Application of graph theory in
optimizing mine gas drainage system[ J]. Journal of Mining & Safety
Engineering,2008 ,25(1) :119-122.

X 5 B I TR E s AT e 5 iE M5 (D] o
Wl ke (AEaT) ,2016.:30-58.

LIU Zhanyu. Experimental research on the optimizing opera-

Jent: H i

tion methods of pipe network of gas extraction in coal mine[ D]. Bei-
jing: China University of Mining and Technology ( Beijing) ,2016.
30-58.
JEI G TS AT, A BT UKL P BUIST R R G0
FARAWITEL ] HERFIFHAR ,2016,44(11) :68-T1.
ZHOU Xihua, DONG Qiang, XU Lina, et al. Study on simulation
optimization of gas drainage system based on mine ventilation net-
work feature map[ J] Coal Science and Technology,2016,44(11) .
68-71.
LIU B,LI Y, JIN P. Optimization and reformation of gas drainage
system based on emulation technology[ A ]. International mining fo-
rum 2010 : Mine safety and efficient exploitation facing challenge
of the 21st century[ C]. Huainan,2010;32-37.
BIENE BRGH ORE R AE. R TRk iy FL il R R 45t
FIREPEEE P ()], 0542 ,2012(6) : 141-144.
LI Yanhui, WEI Yinshang,SONG Guoliang. Comprehensive evalua-
tion of gas extraction system reliability based on analytic hierarchy
process[ J . Safety in Coal Mines,2012(6) :141-144.
i, 225 UK. FUUHHRIA PR IE A AHP-FCE BEA K[ ],
LT TR RZEZAAR (A ABIERR) ,2015,34(5) :578-583.
SHEN Jian, LI Xuebing. AHP — FCE model and application
of gas drainage up to standard evaluation[ J]. Journal of Liaoning

Technical University ( Natural Science) ,2015,34(5) :578-583.



s

8

JEIAR G255 BT TUIHT R RERR BEIE -5 1R 12 R

2387

[14]

[15]

[16]

[18]

[19]

[20]

[21]

Gxdh. BT SVM D FOTISR R e KRR B HIRBESE [ D).
R BT R ,2014 :12-33.

JIN Jing. Research of underground gas drainage system fire hazards
judgment and identification based on SVM[ D ]. Huainan ; Anhui U-
niversity of Science and Technology ,2014 :12-33.

ALEM D,Z Weihang, CHANYALEW T B. A multi-objective opti-
mization model for gas pipeline operations [ J ]. Computers and
Chemical Engineering,2017,100:94-103.

FYREE. FOTHOR BT R M R T iR [ D). FaAE
g HL T K2#%,2009 .22 -45.

WANG Zhenfeng. Study on gas extraction joint tube system
and method of concentration control[ D]. Jiaozuo; Henan University
of Technology,2009 :22-45.

BB, BUPR T, TS, A5 FUIUTHR A R BB AOK R GRS
[J]. w4242 2013 ,44(1) :94-96.

ZHU Zhao, JIA Zhenyuan, FENG Zhipeng, et al. Study on
gas drainage pipeline intelligent water system [ J ]. Safety in
Coal Mines,2013,44(1) :94-96.

REGE, U, LT IOLA% B I 44 i M8 FL Tl R R g it
[J]. B HLHL 2015 ,3:67-70.

WU Yuliang, WU Chao. Design of mining gas drainage system
based on wireless sensor network [ J ]. Coal Mine Electromechani-
cal ,2015,3:67-70.

PAMBOUR K, BOLADO -LAVIN R, DIJKEMA G. An integrat-
ed transient model for simulating the operation of natural gas trans-
port systems[ J]. Journal of Natural Gas Science and Engineering,
2016,28,672-690.

Ml BEBEAR  BRFRIE 45 ifR Jr 2= [ ML Je st AR
JiAt,2013,7.

AR, P S ARSI (1) BORPLBR[ T ], BB 24l
2012,37(5) :843-849.

ZHOU Fubao. Study on the coexistence of gas and coal spontane-

[22]

[23]

[24]

[26]

ous combustion ( I ) ; Disaster mechanism [ J ]. Journal of China
Coal Society,2012,37(5) :843-849.

JeltE g, E IR s P, PUI S A ARSI ( BiVA T
HARLI]. HHAR 2013 ,38(3) :353-359.

ZHOU Fubao, XIA Tonggiang, SHI Bobo. Coexistence of gas
and coal spontaneous combustion ( II ) : New prevention and con-
trol technologies[ J]. Journal of China Coal Society,2013,38(3) :
353-359.

XIA Tonggiang, WANG Xinxin, ZHOU Fubao. Safety evaluation
of combustion-prone longwall mining gobs induced by gas extrac-
tion; A simulation study [ J]. Process Safety and Environmental
Protection,2017,109 :677-687.

SRR INE T AR 4 R FUI A R A L % B p A
S ARG T]. H E 5 K2 2% 4, 2016,45 (3 ) 1433 -
439.

ZHOU Fubao,SUN Yuning, LI Haijian, et al. Research on the theo-
retical model and engineering technology of the coal seam
gas drainage hole sealing[ J]. Journal of China University of Mining
& Technology,2016,45(3) :433-439.

FWIBE. 0 I BT R R 5L S iR X R A DT BRS04 (D ]
BN - E Al K2 2016 :25-43.

XU Mingjing. Study on match characteristics analysis for gas drain-
age system of coal mine and drainage object[ D]. Xuzhou: Journal
of China University of Mining & Technology,2016:25-43.
AR, gk — WL, XIFR. — TR o 231 I B 4 2 PUdirfib oK
PRI FABCERW I [P b E % ] CN201710400229. 8,
2017.

ZHOU Fubao, ZHANG Yifan, LIU Chun. A method of impro-
ving the efficiency of gas drainage water ring vacuum pump by u-
reducing agent [ P ]. Chinese Patent:

sing polymer drag

CN201710400229. 8 ,2017.



