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Numerical Simulation to improve underground room and pillar coal mine
ventilation using stoppings and brattice
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ARTICLE INFORMATION ABSTRACT

Mine ventilation is one of the important functions in mining. The purpose of mine ventilation is to
provide enough oxygen to breath, create comfortable working conditions and dilute and remove the
gases and dust from mine. Methane gas is released from minerals while extracting in coal mines. To
prevent the accumulation of this gas and intense explosions, the use of auxiliary ventilation besides the
main ventilation is essential. In auxiliary ventilation in room and pillar coal mining, generally two
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cg;, mine methods of stopping and brattice are used. In this study, the equations of conservation of mass,
auxiliary ventilation momentum, species and energy are discrete by using computational fluid dynamics and the results have
stopping been validated with experimental work and then several scenarios have been predicted to improve mine

brattice ventilation. Results show that concentration of methane decreases 47 % using stoppings, but the
concentration is still higher than the standard level. By using brattice, the level of methane
concentration decreased to 74.2%, but methane concentration in side walls of coal face is 3.4%, which
is still higher than the level of standard. Optimized case was simulated by using stoppings and brattice
simultaneously and quality of air improved 88.8% and concentration of methane was fully respected
and mine safety and explosive gas concentration are satisfactory.
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Fig. 1 Room and pillar mining method [2]
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Fig. 2 Explosibility (Coward) diagram for methane [3]
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Table 1 Classification of coal gas emissions [1]

gl 5 om sl e sas aelats ol ol Sr> il
(m?) K i e
506 BLRRYSY
5t Jol sl
10565 PRENA
15610 oy 4Rl

5 oplad 16 053 1395 313y o e Suillo i


www.sid.ir

SHSL 3y 9 33 G @uld

Q394 03 29 9 lgd 3w Jungi ygiaw 9 BBl Giue ) p3) S Jle) golre yd LNTYE) ._sl.mlahn._n'm Sgag S &) )wdaui

Alos )5 slprion 1) (oS 5 5 (K0 ¢ oo
el 2 €% 4 ey SIS 4 S 2l IS (6 sl

Fols Sy pone B slad gom aw aviin (o) @
O 9 BBl )l b ()5 gz g gl

LaisS sl g o5 > ojlail ¥olas ylojes (gode gilu as @
sleo liibinl b b 58 cdale 5 1o copu s anlis
09790

lgo gladus (g Hloduz jloslawl @

lgo CoanS” Jial38l (6l asa05 00 9 lsm o 5l Lo colaiul @

Sy SI80 dwid -2
oad Juo 4 JSo gllas olal b g 9 GBI (o) 05 Sl (oo
Olye & dses oop 51D IS Bllae cfane s Sge sln 5 oo
33 L JSs (59, o aseive slul .35 oo ooliiul dyges (SeS Slausls
Liloas 00)5] 2 J5A>

7957 oz 5 03l 0l (639)9 olx el (gt 5 GBI (ane dusiin
50 gl Job pln 3 (65 e s ol ol o0gll slsn
cils 6‘):’ s Qlke;:.‘; '(Lcoal face — 3Lroom) Gl 00l a8 5
5 Slazs ol slo Sosll 5 ailead i pgd s, o KiwJE;
A 2.5 455 00y Job pizmad el b (e cpl o Gl 58 Lasl
d5e5 00 alols (Lprattice = 2.5 Lrgom) el osds Sl 3l Jsb

(Whrattice = 0.1 Lygom) el (yome 361 Jsb 0.1 55 yome o)lgpo b

o SYolke =3
aioils hasiye glaanld S 5 oyl JUEl ol Gl oss U
Ssles i 31 3, Sge 4 leanl ol WSl GHE Sy
et b olpen il gl s 5l pane Sl Sl Jedlpins
S wex ol S leshil 8T Gl T glaaiss clale

L

Pressure room pillar
Outlet had * >
—
Wpillar
I Wroom
=
Methane
Flow
«———— Rate
Velocity Leoal face
Inlet
—

L

Fig. 4 Schematic view of underground room and pillar mine
O 9 BB1 (o) odme Soiled slas 4SS

5 o)laiis 16 095 1395 sl o (yurde Suilse wdiie

o

r(')\”
NIg!

b
—— (=

—
e B —
—_—
> e >
Fig. 3 Auxiliary ventilation using brattice
Aig@ooﬁwhﬂg%ﬁ3d@

chle gy, p JRSTEeh) 5 e cepe ST Ll s S (e
L [6] &iSen 5 gilogi .ai8)S (cwyp 1 aih IS ez axe o SlpS
Iy ol 3B Hod Gidn Glime siily aiss gl OY¥oles (0,5 adlal
Oes g Vg oS s i Sleobre SV Solins 5l oolaial b
S S 5 pslie 5 WS gy |y sty Jls JSlo b ase a5 [7]
Sel Jue [8] S5 il sl alisle;] Lubie laosls L1y ol
ez sladwain ;0 )Lé 995 5 OIS 8, dw e 0 ) 5B
28l by gz |y Shemies Jisi o Ise ol [9] olSen 5 1L
B 50 Aged wias glgil Allie opl (.00 e oo a8l
Lngéf:o)'L\S‘ Ja..uy 8o C"L“' el 4.‘25;)‘)5 anfllas )90 Canm (y
Oliwe Jols s a0 sladlg) 5l eolatul b Sloads oeiwcons Ls.é‘j
el Gy e cdale i g 19n uSlos o it o
202,53l e |y axe )l agez a5 [10] 05Y 5 550 5 )l
B, sam g0 goae (gjlwand [11] ega s Shlogial (aiag 045
9y Wody Job 5l g wisly 13 asdllas 550 1) 000 bl o Jlw
L1y lge ceyw by [12] ollSen 5 95 00055 (owyp |y 192 by
aolie b1y Ll g 00,5 o,y Sxanl calise glo oo eolaiul
258,85 1y ol 5 b iy i g w05 alie Stlejl
Jslo b e lp |y san 4w 536 wiz by [13] o Kea 5 5
90 1y (ol b Gisy g9, 5 sl g 00,8 il ad aily o
a1y il gy S5l b e [14] o) Sem 5 Silg ol )5 aalllas
ke 505 5 3 518, (59, 2 dses 00 p Sl eslinul ST g 00,5 (g3l
5! eolitul slacysgaze o Llje [15] ol 5en o 6500 .58,S cwyp
25 oolan g3 SaS gt A aalllae (sl 1y (Homlone SVl Saslips
42505 St [16] ()lSam 5 55 5ailiagg aisls 8 Loy 9,50 i
Oie 5 00,5 (oyp ahS] Ojgon e nj ool lp |y Rl
0975 ¢ 3 Ll [16] e g 1S Lailes,S (3155 1, 518 Ll

A5 e § 03,5 s (o ) Glme ()15 Agez 0 1) Gl o pae

WWW.SB12.ir


www.sid.ir

SHSL 3y 9 33 G @uld

Q3945 0339 9 3w Jungi ygiaw 9 BBl Giue ) p3) S Jle) golre yd LNTYE) ‘sl.ﬁla.'i.m._n'm Sgag S &) )wdaui

1
V- (poU) = —[V- (u+ pD)Vi + Cypp(VD))] + G, = Y, ()

Predl £5Y), 5 Va9 oyl odg &5 Gy (5) abal, 5o
@l 9 0920 9929 Judo ol (oo 50 oS Sl (Vg )

K — & gldoleo 9o SaaisT Joao-2-3

4 by Sl 5l gl slup; plee 4 (ol g0 slaJoe
g 350 e S oLl 3 pgas a4 sl Glapl e iledse
Dlowes! &5 g azan] b st 6550 JES OYoles .ol a8 5118
Ngbon e (7) 5 (6) Laly, & yg0 @ sl iz (555 23l

a ) e\ Ok
R )= — — | — — — 6
o, (pkw;) ax; [(u + Gk) ax]] + G+ G, —pe— Yy (6)

d _a U\ 0k £

B_Jci(pgui) = a_acj[(ﬁ+a_£)6_9c]] CleE(Gk + C3:Gp)
EZ

—Caep )

Al g il e @55 oy eaimog s Gy (7) 5 (6) Lyls, 5o
Al aasl i 655 g Sl G ool bogte S p (LIS
oS5 Vs Ol 5o gledl Sllog Cod saylad Yy g ol (5 5l
il Gl axas Jly olaclag g 0x 9 cul (LS Bl F5 a pdy
Lol C gl Ploradl g i

x> cdalé -3-3

a5 39y o0 5 4 e cldale gl Bl aly lyie 4 peme 2ale
Sy cn iy pai bgline pom> &) 4555 <52 > Oy50 4 (8) Ay Billae
C;=— ©)

S o 03y -4
el ool bl 145 Bgls el JI38la s awgh (goae (gjludnd
Obz ilwdecd A (0 S9m Sgame ez By, I Sassls e
Siladled rizmen 09dce planl ediy Ll (san dw Djgar wri]
aclais ajl5 g lsn j0 Sgzge ) LBy Ll (ol aaseS Jlal aloles
63 oSl lie Jolts bylore sladiss Conl (59,8 e 53 oud
e sl 651 dolee silodled ol (59555 5 ol Sl 0,8 9enS]
101325 (53t wype & 0Shee jlid sl (59,0 bylie JBx
5 5Pl oS > ol lad DYl (g5l AlnS Cpzmen (el WL
S 9 L8 Sk oS (6l g Sesl ol plonil g0 e Djg0 4 LadisS
oy 52 SYoleo oils dieeS o 5 el o 0alitul rares pi,sS) 5|

ol o relais 1076

e bl -1-4
2 M/S Co s b lgp u9e5 9,5 0z 5lojb slgn 0555 @
3 Jsor Blhe oo slaso)s 5 3955 slon slaaiss @
12.M/S coyus b 599,5 uses Ag) 5l o3l slon 53555 @
(oo Jas) [9] (e 5 L Jae il
7o oz ool lon o slp (Slanwg by e

315

Lroom

Wpillar

Lcoal face

Wbrattice

Wpillar

Fig. 5 Schematic view of coal face using brattice
Q905 00 3l skl b (o)l5 agu Siles sled 5 S

miin Slakie 2 Jguer
Table 2 Geometrical parameters

a=lg e Sk
S 64 w

S 57 L

- 4 LRoom
S 12 Lpinar
S 12 Lrynner
Pl 4 Wroom
S 8 Weillar

baist 5 il oS> ojhil e iy L ¥las o Sin i

| ») Q)}.Ag
V-(pU) =0 @)
V-(pUU)=-Vp+V

: [(# + 1) (VU + (VU))

Al @+ pk:]]

+ pg o (2)

V- (pc,UT) = V- (keff + ;—r:) vr ©)
U

V(oY) = V- oDy + ) T @

ol Qdp Jw e U (Jlw J&zp (4-1) Lilg, 5o

ool o Ko Jlw o5y slo)S Cp ((2lS St g o Sesls

€5 2 398 o rd Diefr el L €55 (o2 S Vi Jlow Sloo T o Jlw
ol (Kid] el 000 SCp 5 (Sl cry) fy gl jo

ol Yol glalole Sy (SxisT Jaa-1-3
dolee 5y 45 655 o0l slalolee S5 o Ky Loblell &, Vld Joe
@l Joe ool aiS o = fye 0,5] Cews 4 sl 1, Sl o Jow
Wl HE egSan JLad (LS (oyme 10 &S (550 slaawY slp (a9
Sl o alie B Jae ol o JED eite el ool el
abaly g0 0 T (slp JUl alolae ol (ool o035 120) Vg5

5 o leibs 16 0531395 3ls yo .uu)'.\n \'_(-.I‘JISQ PE IR T


www.sid.ir

SHSL 3y 9 33 G @uld

A3945 033 9 19D S 3w Jouwgs Ygiw 9 Bl (Sue) ) S Jle) golre yd LNTYE) thuuam Sgag S &) )wdaui

L) o3 slg aS o)l 1,8 ol oo 4S50 S50 5l az p0 45 4l b
e i galols & sy Wyl 8 USs illas a5 oo Lo o5
9 2585 Ay 09y izren 9 by JlSlo 4y azgi b oo )8 (6,5
Sl gauaSias 5l eolatwl (ame so,lgs @ ol ol I e (SGo3
S5 glogS (ol A8 g (rhogy sladobe oS 5 3l 5 0350 pare aidly
Joe goualis sles 9 S o el 0ul soliiwl lejes jgo 4
ool 00s 00,51 o Lizel!

| Al gy o ] Sl Sl osliial b 5 5 L
5 it i3855 (5,5 ol iy sleil s e e oLl s
10 o a8 aio 5] cansas (o0e (5w a3l oolital b 1) e o 4glS
26 SVolao (giluacds cnl jo ollSen 5 Ll s (la | @l
o35 4y Spoty |y a3 b 5 il o5 Ll sdn A S5
oobiztal ol LoJT & W] (glalolas S5 il Juto 5l 5 00,5 (6l A
Lilos )57

s pu ylen LS (g 5 ~1-6
5 s Gl ey o plowl LB ik ond 50 Lyl b oxis Com
oolid k — £ 5 Lol & Vil (S2a8] Jaw 30 5 Wb 30,5 aipaS
wisl Jao SeS a4 gose gileand Cepw el A1 s o
5o Sxasl Jos 5l ool b e pus gmls 12 US55 ol LalT ¥l
Sod o ol bes sleml 5l e Gl alols o Lk — & gldloles

3¢

36m

<

Fig. 7 Cross cut of verification'model
sl Joe 5l ablice (3 7 Y

—
<L| Ventilation duct
: —_—
1
| —
]
) —
1
: —
:
\o6m '
— '
1 ' ]
! 36m !
g o0
Dl ]

Fig. 8 schematic side view of verification model
ey lel Jas 5l il Sl gles 8 JSCi

5 o)laiis 16 095 1395 sl o (yurde Suilse wdiie

[17] a5 355 ol o35 slg 1o 35290 slaaisT o> 30,3 3 Jgax
Table 3 percent of the volume of the species in the fresh air ventilation
shaft [17]

o> Lo,y o slos 55
78.084 N, RRTyCo
20.946 0, OS]
0.0397 co, oS aeST s
0.00001 H,0 N INES

0.0000018 CH, obe

505

0.02 Kg/S (coy> o0 b zlyzel S olie o o1 @
(4 JS pgo sy 2ol Jl0) )5 4 |

ond oltl oy pas (g0 ulid balad plo ol e
o

odd s Woojles oled sl ol los (550 Ly @

SN A I Sl -5

e doaSios slaws Lol Bl bl a8 5 il ol ,o asies ol
Sk 3lSstoe oby Slesloe oy a5 5 93,5 (0 0l Slewloxe
50 ok e ol oo aol38l L oas asl lagS 4 e ple wb
Sl 5l s 93 Ao g9, Gle chale Jdy p mls 03,5 slnl @l
3 aallag s yse 85 Wi sl S Gl sy S salols s 5 i
6 US o o5 jsb plen 098 oy p gauaSed S Pl B 5,5 o
Golwad s g Sl anje cwls 4 axgi b 0gd oo cdnlin
S oo Sl g 5lwands gl 565880 sl Jolus sloss

() lie| -6
el [9] )lSem 5 L oaltslojl 2 b qulis (oviwcono 5 Gosks
oS Conl Bigh Dlilge 4 g s Suo3 4503 Ay GReghy (nl 5o el ond
g 5l oib slsa S 5 )0 18 )5 A ) st 0 salald o
@5t Ayl (ool Jos B8 Gl 5o T UKD Bl ol 4l 20 12 g

6
- Mesh Cells = 38736
55F — — — — Mesh Cells = 71120
- — — — = Mesh Cells = 173550
- s ———= Mesh Cells = 565880
= - _
9>\ - e — Mesh Cells = 896954
S a5fF
~ -
S s
2 aF
[l n
= =
S 35F
Qo -
c =
o B
(@] 3k
e -
= u
8 25k
S
(<] -
= LF
15F
TR RERR NI R
12 11 -10 9 8

Length of Tunnel (m)
Fig. 6 Mesh independency

SawaSes 5 il 6 sl

316


www.sid.ir

SIS ph3s s 3135 63 panld

43945 0329 19 Sl uwgs Y9iw 9 BUIT (Hine)ra) SiwJLE) Odleo S dagid S 39 (§32E (§ ) wduuis

Fig. 11 Velocity contour using Spalart Almaras turbulence model
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Fig. 9 Mesh of verification model
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Fig. 13 Velocity contour at a distance of one meter from the bottom of the mine for planned scenarions
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Fig. 14 Methane Concentration contour at a distance of one meter from the bottom of the mine for planned scenarions
oo glog i (sl (yame G5 (5550 S alols o e 5 clale el 14 IS0

319

5 o)ladis 16 095 1395 sls 0 .w)L\.n Adblso wliys


www.sid.ir

SHSL 3y 9 33 G @uld

A3945 03 3 9 19D Sl Juw Jouwgs Ygiw 9 Bl (Sue ) p3) SiwJle) golre y A9 thuuam Sgag S &) wdaui

(kg™HK™) Jw o325 Loy S
(M?s71) bglses ;0 (a2 S5k D
(WM™TK™) g0 (3> Colas a5 ket
Vo8 Juiln sae Pr,

Y g0y95 Coedl d0e S,

xS Y

Uz pdle

(kg m_ls_l)s@y}!»ﬁ' ey He
(kgm™) J&= p

B gin)

ol lags i

&l -10

[1] H. Madani, Mine Ventilation, pp. 16-32, Tehran: Amirkabir, 1992. (In
Persian .18

[2] A. Coal, Annual report, United States securities and exchange commission,
Washington DC, pp. 13-15, 2010.

[3] H. F. Coward, G. W. Jones, Limits of flammability of gases and vapors,
DTIC Document, United States, pp. 36-57, 1952.

[4] J. Heerden, P. Sullivan, The application of CFD for evaluation of dust
suppression and auxiliary ventilating systems used with continuous miners,
Proceeding of The 6th US Mine Ventilation Symposium, Salt Lake City,
Utah: Society for Mining, Metallurgy and Exploration, pp. 293-297, 1993.

[5] R. Srinivasa, E. Baafi, N. Aziz, R. Singh, Three dimensional modeling of air
velocities and dust control techniques in a longwall face, Proceeding of The
6th US Mine Ventilation Symposium, Salt Lake City, Utah: Society for
Mining, Metallurgy and Exploration, pp. 287-292, 1993.

[6] S. Tomita, M. Inoue, K. Uchino, Behavior of airflow and methane at heading
faces with auxiliary ventilation system, Mining Science and Technology, pp.
203-207, 1999.

[7] A. Wala, J. Jacob, J. Brown, G. Huang, New approaches to mine-face
ventilation, Mining Engineering, Vol. 55, No. 3, pp. 25-30, 2003.

[8] B. Canoo, STAR-CD digs miners out of trouble, CD Adapco Dynamics, pp:
27-28, 2004.

[9] M. Parra, J. Villafruela, F. Castro, C. Mendez, Numerical and-experimental
analysis of different ventilation systems in deep mines, Building and
Environment, Vol. 41, No. 2, pp. 87-93, 2006.

[10] D. Hargreaves, |. Lowndes, The computational modeling of the ventilation
flows within a rapid development drivage, Tunnelling and Underground
Space Technology, Vol. 22, No. 2, pp. 150-160, 2007.

[11] S. M. Aminossadati, K. Hooman, Numerical simulation of ventilation air
flow in underground mine workings, Proceeding of 12th US/North American
Mine Ventilation Symposium, Reno, Nevada: The University of Nevada, pp.
253-259, 2008.

[12] J. Torafio, S. Torno, M. Menendez; M. Gent, J. Velasco, Models of methane
behaviour in auxiliary ventilation of underground coal mining, International
Journal of Coal Geology, Vol. 80, No. 1, pp. 35-43, 2009.

[13]1 G. N. Liu, F. Gao, M. Ji, X. G. Liu, Investigation of the ventilation
simulation model in mine based on multiphase flow, Procedia Earth and
Planetary Science, Vol. 1, No. 1, pp. 491-496, 2009.

[14] W. Pengfei, F. Tao, L. Ronghua, Numerical simulation of dust distribution at
a fully mechanized face under the isolation effect of an air curtain, Mining
Science and Technology, Vol. 21, No. 1, pp. 65-69, 2011.

[15] I. Diego, S. Torno, J. Torafio, M. Menéndez, M. Gent, A practical use of
CFD for ventilation of underground works, Tunnelling and Underground
Space Technology, Vol. 26, No. 1, pp. 189-200, 2011.

[16] A. Widiatmojo, K. Sasaki, N. P. Widodo, Y. Sugai, J. Sinaga, H. Yusuf,
Numerical simulation to evaluate gas diffusion of turbulent flow in mine
ventilation system, Mining Science and Technology, Vol. 23, No. 3, pp. 349-
355, 2013.

[17] H. L. Hartman, J. M. Mutmansky, R. V. Ramani, Y. Wang, Mine Ventilation
and Air Conditioning, Third Edittion, pp. 29-76, New York: John Wiley &
Sons, 2012.

[18] A. Skochinsky, V. Komarov, Mine Ventilation, pp. 342, Moscow: Mir, 1969.

[19] K. Noack, Control of gas emissions in underground coal mines, Coal
Geology, Vol. 35, No. 1, pp. 57-82, 1998.

5 o)laiis 16 095 1395 sl o (yurde Suilse wiie

5 oli VT dle wal 5 ) jo (e oo Wilgipe Jg aile
Al zlgal ollee

S cysp 005 g l9p Gloo 5l Lo e colatwl b4 o leds Jow yo
e el Sew Jj gl Joe o @ et Slgp Sl s (29
B cbl anin sh 0 0ad selate lie 5 S 33) e g 098
88.8 als 1 ojled Jow b awslie ;0 a5 550 0 oy 147 ol
ez 4l )0 55 ol clile (ke rizmen 5 aa0 o0 LIS 1) g2
90 jlade 4y (1 o,led Joe) ool Jow b awglio ,0 a5 <l 0.25 I8
L els s olie il Jow ol o el 4l LialS sy
el ol elin 518 il L5 51 4 3,15 59390 (sla i

Sz -8
Slaols 31 00l b iy Sole) Gne e 2l Bedos
Lul s 285 )18 anllas 000 (4505 005 9 19 (lan) aisp (S5
by ad Jlosl anadl bz w35 g0dil o515 Ll csan 4w loand
5 lsn )0 Sgzse S L, laaies JUEl aoles (s5leled I eoliul
A Judos ydse 50 00l aelaie glajlE
Slaal bwg Sjlilin) mlaw b gl 58 cbile zals o)y
o 5o 1) ) s s (SeS
oS Sl g0 S Jlé ey e I8 cale 1
el 3 st el 51 i
ol 5l g b > (6w Dyge 4 lsa laous jl oolanul b 2
cblelgieh e culie BT ) S 4 450 63959
oy o e plis 1) sas,e 348 el e alii
S5 08 R el whaw o plaes
Coms 4 dy595 003 Jagi (699,9 (Slep I oidu Bl il b 3
g 8l malS wo,e T4.2 515 anan, cbile (o )5 ag>
505,5 Culey | 09290 slas Juslinl oo s Ojg0 4
3 i Sl B ol cdale eojlgs muS o Ladd
el ol
Iso CoheS asqi 03y 5 19 sloaus 5l lojen ooliul b4
QoS jsb & ol 58 clale 5 Bl ssegy oo, 88.8
gl 59 3B (nl e Sl e (el 5 oatisgaze
S IEBULIPTE
Sy 0 ae B glacand (5 lsa cepw polie 5
9y 525 51 e S Sla> il e |
e el g la CudS oge lp IS b o4 6
oo lilivl 4 a9 b g 5 GBI (e 5 Sl
oolatal dlga e p g e S 2dale J S (6l S92
D sn Sty igtd 00 9 I3 Slaos 5l losen

PO w)gé—g
o cale C

820


www.sid.ir

