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A Study on Mine Ventilation Network
Soo Hong Kim, Sun Myung Kim, Yun Kwang Kim, Yun Ho Jang*

Abstract This study focuses on the improvement of the working environment in domestic collieries where temperature
is increasing due to heat of the earth that is caused by the long-term mining. In order to improve the working
environment of the mine, a ventilation evaluation was carried out for Hwasoon Mining Industry. In order to increase
the ventilation efficiency of the mine, numerical analysis of the effect on temperature was carried out by using
climsim, a temperature prediction program. The analysis shows that A coal mine needs 6,152 m’/min for in-flow
ventilation rate but the total input air flowrate is 4,710 mz/min, 1,442 m’/min of in-flow ventilation rate shortage.
The 93 m hypothetical ventilation shaft from -395 ML to -488 ML could result about 3°C temperature drop in
the coal mine of -488 ML far. As a result of predicting the CO, concentration at -523 ML development using
artificial neural network, the emission of CO, increased as the amount of coal and coal bed thickness increased.
The factors that have the greatest effect on the amount of CO, emissions were coal layer thickness and coal mining.
And, as the air quantity increases, it has a great effect on the decrease of carbon dioxide concentration.

Key words Flowrate, Temperature, Ventilation network, Shaft, CO,
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Fig. 1. Ventilation Network in A Colliery
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Table 1. Flow rate data (2015. 8.)

Production Intlow/ Measuring Spot Cross sectizonal area ﬂo;zv-r?te
Department outflow (m") (m’/min)
1 inclined 0 level lower part 7.25 1,976
Inflow Conveyor inclined entrance 9.72 420
a Compressor 295
Department Total (A) 2,691
Outflow Ventilation inclined 6.90 2,345
Total (B) 1,624
b Inflow (C) 1 inclined O level lower part 7.25 2,019
Department Outflow (D) Ventilation inclined entrance 6.02 2,355
a, b Department Total Inflow flow-rate (E) 4,710
a, b Department Total Outflow flow-rate (G) 5,300
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Table 2. Sample measurement data

NO Location Section Secti?:;l) area Yril/(;i:lg A(i;l;;;)r:::;le
1 | Dong linclined sawmill 10 m 3.04 x 2.41 6.333 2.600 987.94
2 | Dong OLevel C/V inclined man-tunnel downwardl0 m | 4.00 x 2.70 9.080 1.100 599.28
3 | Dong OLevel C/V inclined man-tunnel upward 10 m | 3.00 x 2.70 7.133 1.200 513.54
4 | Dong 5SLevel C/V inclined downward 10 m 3.10 x 2.50 6.717 1.300 523.92
5 | Dong SLevel C/V inclined upward 10 m 2.95 x 2.80 7.324 1.000 439.47
6 | Dong 5Level C/V inclined inclined-ventilation 10 m | 2.80 x 2.10 5.037 0.400 120.89
7 ﬁﬁie?;ﬁéﬁgnﬁ i:rlldi“ed'vent“aﬁon v 2.80 x 2.10 5.037 0.00 0.00
8 | Dong 8Level C/V inclined downward 10 m 3.20 x 2.40 6.579 1.000 394.75
9 | Dong 8Level C/V inclined upward 10 m 2.90 x 2.40 6.056 1.400 508.70
10 | Dong 8Level C/V inclined-ventilation 10 m 1.80 x 1.70 2.712 0.700 113.89
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Table 3. Maximum worker per day in A colliery (work daily memories)

f 1
Dong Bok-am actory Quality Supervising | Planning Gene.ra Total
Depar- management affairs
tment
direct oquo direct out.so direct out.so direct OUt.SO direct oquo direct OUt.SO direct out.so direct OUt.SO Total
urcing urcing urcing urcing urcing urcing urcing urcing
Total 77 76 41 6 14 15 15 244 -
Ist
rotation | 47 50 47 40 19 10 1 - 5 - 9 - 2 - 130 | 100 | 230
(Enter)
Dong. Bok-arP factory mana.gement Details
(1st rotation) (1st rotation) (1st rotation)
digging | 24 18 | digging | 24 | 12 | pump | 8 3 dong (Slevel), Bok-am (2, 3 shaft)
outsourcing | repair 16 16 | repair | 16 16 Security clerk 1
(Enter) dong2 (2inclined 13level, 3inclined17level)
transport| 18 9 |transport| 24 12 | charge | 12 7 Bok-am1 (18level)
tippler | 14 7 Repair for gangway 4
Total 72 | 50 64 | 40 20 | 10
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3 F7] MEHZE Q4sH] fls] Hedt S of
ofof gttt AR mHoA = Al 27|50l Al
3719 $1A 5 AAFQ 7] YEY27E & yEhd
Folof gekFig. 2). £7] MIEYTOIN BAHE s
(node)2} 51, =0} L= Aol olsh AL HA
(branch)gtal glich

Haix] o] Mg AF719] S4A1E ol 85t s
71e] reiat B715e Aeistolof gk, A B71514
2 Atkinson’s Law & BHJEO.Z 2] (5-1)& A3l 7
=9 A & ARt Atkinson Eq.).

==

P=R-Q? (5-1)

P BEE FYEEYELA) [Nm® = Pal
. A3} [N*s*/m®]
Q : He [ms]

=

Fig. 2. Ventilation Network in A Colliery
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Table 4. Friction factor (referred to air density of 1.2kg/m’) and coefficients of friction (independent of air density) (Hartman,

1982)
Tunnel Situation Frictionfac}tor, k
(kg/m’)
Steel arched airways
Smooth concrete all round 0.004
Bricked between arches all round 0.006
;i)rlr(:)rzrt; slabs or timber lagging between flanges 0.0075
Slabs or timber lagging between flanges to spring 0.009
Lagged behind arches 0.012
Arches poorly aligned, rough conditions 0.016
Shafts
Smooth lined, unobstructed 0.003
Brick lined, unobstructed 0.004
Concrete lined, rope guides, pipe fittings 0.0065
Brick lined, rope guides, pipe fittings 0.0075
Unlined, well trimmed surface 0.01
Unlined, major irregularities removed 0.012
Unlined, mesh bolted 0.014
Tubbing lined, no fitting 0.007-0.014
Brick lined, two side buntons 0.018
Two side buntons, each with a tie girder 0.022
Table 5. Example of Equivalent Length (Hartman, 1982)

Source m Source m
Bend, acute, round 1 Contraction, gradual 1
Bend, acute, sharp 45 Contraction, abrupt 3
Bend, right, round 1 Expansion, gradual 1
Bend, right, sharp 20 Expansion, abrupt 6
Bend, obtuse, round 1 Splitting, straight branch 10
Bend, obtuse, sharp 5 Junction, deflected branch (90°) 60
Doorway 20 Junction, straight branch 20
Overcast 20 Junction, deflected branch (90°) 10
Inlet 6 Mine car or skip (20% of airway area) 30
Discharge 20 Mine car or skip (40% of airway area) 150

o714 Pi= &4 AFIA Y] 371 E(Pa), Q= 371

oS ojulgic), SIS 7hg Zast 2ol 4
RIS ZF Aol Qheiat 37)ake ZAsto ey A3t
S AR 4 QAR EZRE Fole] WAk ¢f
22 Aok Aol v 7lthE7] uhie] Yubdow A
e A (522 o}l AT Hartman, 1992).

KP, (L+L,)
A3

(5-2)

R : 7%= A3 (N*s/m®)
Py o FHA (m)

L : 7%= Zoj(m)

L. : Equivalent Length(m)
A 7= FEAmY)

K : Friction Factor(kg/rn3)

A (52004 o] A AY RS WAL

=
S
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sl #Al 5740l kst o2t HlolHE g2 A
% RE& AN Hrk VnetPC A4S iAo
HEAQl 7ol el ehaAle KE McElroy 9] £t
0.016 kg/m’ S AR&-3}%31(Table 4), 74=2] Abefof uwh
g} Table 48 Zarsle] 1 ZHS QA AT AL o
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7Yr0] mofoluf PO QIR $4 S wE o
9] Hgk= 57F40] L= Equivalent Length Method &
0]8-5}%tHTable 5)

VnetPC 271382 e HlofelE nigo= HAfgh
ol4oll LA s ZRIsHoltk o] ZRIS B
so] ofe] 71A] Aledolids sk ] Sl 7 W
A AR o] FFo] o]FofAof gt mElFe] HI:e
A 574 Aot vlaslo] Hde] HES A sfof o
th 8 M) T 3 ols WEe] dAsfof st
o, A A A Al Al LAsfok gk

Z} 7Y%= 9] A|3}o] AAF ZFof| AE7|(fan)= FAEY,

HRAE7] ZHEAEZy|2 U=ojxn AR ox|5kn
9= H&X|(branch)o] $X|A17]aL AE7] EATAHS

AT
o] g3t zkzro] orglat Feks Qg AT} Network
Balancing 2+¢}-& &3to] AAILL A& oldE 275}
Atk 1 43l VnetPCE &8 =AJ814 datelA $4
722 4,880 m’/min$lOoH, AZ3 & Q7| 4,710

m'/mino| ek, ol WA} ATjely v FAlA
E2EISS Bl

52 OPHY xole] AE 2 o

CLIMSIM Z2132 ]5}e] 2270} Alw EX
To=E wt e o)zl x3eflA F-8-2(heat stress)
o] #}t F7)9] A41A gl 9Yshy 4o ot

Vet and Dry Bulb Tempersture () vs. Distance (m)

71 HEHA A+

]

P2 ol &3] AAgET o] AMERIBS 2w

[e]

o] 2227 AXkt A ZQl 2] Wlo|L} ] A4
o] Ao o]gHr}. o] ZE=IYLE 20 m E= T A
et aam SR dolE %QQ = Slew 7+ 4
o] YollAl A= JFE miAle A4 PRS2 &

FEO AYA7IE st 74]/&5101113}. SRS RS
719] F3HHoA HAHEES 7IREA]2E UEbE FE
GR AgEE gt g Rue] mdehs A5
(strata heat)Alo]e] AHF T} &31AL AXSH FHO
ZHlk o= v 3t 113 E]o] X tMcPherson, 1997).

CLIMSIM ZgJ3H0 2w &g o)A ZE 7o)
eliMe= Z2IaHo] Q5k= Ho]E
2 QJejsfolol Ak AL L& dlES 1A A
H(110 ML)Q] AT 27.2°C, H$F-L5& 26.7°C(2015.
9 E AMEslgon, 27| AU (VRT)E= 110 ML
A 12.8°CE ARgslATh

E3F O] ko] FR37 FS
9] F7|ZL VnetPC ZTEITHS
ZFZ AR

AJE}OV\L -438ML(17H) oA gt
111 to] APHA,E I AL 71
}ZTOVHE 7= 0] T & Eol
C‘MH 2rE B F7F Aotk @4 A FY
FAZF719 §5F SV EVIstEE AT YR
AFsAY MEA 5718 878E =&
%j_‘ 40]“% 6HO| A -395 ML7IA] -&-
2703} z3sho] -395MLoJA] -488
ML7}%] 93 m_J BNH8E AT et B
WGP 7o) o Aol M T 9]
I 2% &5 AASHI

(e}

7121 v A]

gt o2 37

Rl

OlN >ji
N9 3o

O =
AAe 5

shaft

3l

30|

21

%6
o

500 1000

1500

2000 2500 3000

Fig. 3. CLIMSIM Result without a ventilation shaft
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Table 6. Neural network Training data

Depart- Location Transmission | Depth Output | Digging Inﬂsow Coal-thick | Temp. |Pressure stratum
ment [md] [M.L] [ton] [m] [m’/s] | ness [m] [°C] [Pa]
17level 1X 0.76 -441 15 2.0 4.76 3.7 283 1070 Sand Shale
17level 2X 0.76 -441 35 2.0 2.43 3.1 29.40 1070 Sand Shale
a Depart-| 17level 3X 0.56 -441 70 2.0 0.05 4.5 27.20 1065 Sand Stone
ment | 17level 5X 0.56 -441 75 2.0 0.05 6.0 28.80 1060 Sand Stone
18level 1X 0.57 -481 20 2.0 0.82 2.5 27.7 1091 Shale
18level 2X 0.57 -481 40 2.0 2.58 3.0 28.8 1090 Shale
17level 1X 0.58 -438 30 2.0 2.02 2.8 31.1 1068 |Sand Stone Shale
17level 2X 0.56 -438 25 2.0 4.04 1.5 30.0 1068 Sand Stone
De;t))art— 17level 3X 0.56 -438 75 2.0 0.39 33 29.40 1060 Sand Stone
ment 17level 5X 1.04 -438 95 2.0 0.17 3.6 27.20 1065 Sand Stone
18level 1X 0.63 -488 55 2.0 0.23 1.9 29.40 1095 Sand Stone
18level 2X 0.46 -488 70 2.0 0.39 33 27.20 1098 Sand Stone
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Fig. 5. Carbon dioxide Prediction value for a production department (sand shale)
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