TUNNEL & UNDERGROUND SPACE Vol. 27, No. 1, 2017, pp. 1-11

https://doi.org/10.7474/TUS.2017.27.1.001

TUNNEL & UNDERGROUND SPACE

ISSN: 1225-1275(Print)
ISSN: 2287-1748(Online)

H|w 47
4SZ, 285, 02

A Comparative Study on the Auxiliary Fan Pressure and the
Ventilation Efficiency in Large-opening Limestone Mine Airways

Dongjun Park, Hyeonho Kang, Changwoo Lee*

Abstract Most of the local limestone mines are developed as large-opening underground mines, while mine ventilation
is heavily dependent on the natural ventilation and auxiliary systems, rather than the mechanical ventilation system
using main fans. The current auxiliary ventilation system with fan and ducting requires optimization since enhanced
deployment of diesel equipment demands higher airflow rate and the associated cost is expected to be too excessive
for the local mine operators. This paper aims at optimizing the fan capacity for the working site ventilation through
comparing the fan pressure in the mine airway and the ventilation efficiency of an axial-flow fan and a propeller
fan developed in this study.
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Fig. 1. Fan operating points in large-opening airways with
high and low-pressure fans (Grau et al., 2006)

A
Dy

7] 599 9 $/az v d

TFolME ST A sLdEAEET 5

Kol Qrejo) ofet A7) 7Rsol whet Z7tet
Qe Al abgah S Aol A A1
ARSET Ol TEQE HR4 HE71S o
A e AFY 254 A9 B
salo] uret AE e HE7)e) E7)E

£

m’, Z20] 300 mQl Lztol,
BL 70 H@ohwz 1227 m’, b
400 m x 300 mo]t}. Site A H FH] 4%9] E7)A}
74082 AE7|17 F A7l oJgt o] A= vt
£ Dol A2 Fig. 2. a2] AF7] AXAH
I mUEH A 7840] 250 ml F A 438k
t}. Site B= 4] Zxlo] ke |xo g AA g1t
o] shte] =R e 2|9y} AAE] 9l g
7t FElR AAg7IZo] HE 2gakal A et

4]

ar
[¢)
A

=

250m

Monitoring

Fan location station

(a) Site A

Monitoring
station 1 Monitoring
station 2

120m

Fan location

(b) Site B

Fig. 2. Study sites



B 2|5kt 3

T L

(a) Jet Fan

(b) Propeller Fan (c) Scene with fan installation

Fig. 3. Jet fan and propeller fan installed for the study

Table 1. Fan characteristics

. Fan type Jet fan Propeller fan

Description

Capacity (m’/min) 1,000 1,500
Pressure (Pa) 235 147
Speed (RPM) 1,180 880
Power (kW) 15

Length (mm) 2,230 750
Diameter (mm) 950 1,600
Outlet Velocity (m/s) 23.5 12.4
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Fig. 4. Method for differential pressure measurement
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Table 2. Friction factor (k) by using the differential pressure at Site A

. Average Veloci Friction factor

Measurement times AP (Pa) im s) Rl k (keg/m’)
9:20 ~ 9:28 1.68 0.90 0.015
14:49 ~ 14:54 0.63 0.49 0.012
10:14 ~ 10:18 0.24 0.49 0.005
10:28 ~ 10:42 0.38 0.51 0.007
8:20 ~ 8:31 0.44 0.55 0.007

Average Friction Factor 0.008
18 18
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Fig. 7. Velocity decay curves at Site A

7HA] Site AoA ] 7 F7 AF7IE ¥olol 7hsdt
AR F& 9 A 54 Aotk BmyEY Ao
A AEE2 0.0~0.58 m/s Jreg2 ARH 2=k
3o W2 FFoE WslFo| vlwE A BEE7]
T siglon F&o] 53] B2 Aeole oHos F
o] JAw =Gl Fig. 6ac] =AIRE 35 544
e E7A HE7) 7HEA] 1.60~1.66 m/s, T2
AE7) 7F5A] 1.42~1.46 m/so]|gor AJAETEE
= A7) 7 ko & 0.49~0.90 m/sE
285kt SAKM Y S8E AdeTIdY 2=
0.24~1.68 PaZ ZAHE oM F7|AFAF APEE
lske] S4% A4S Fig. 6bof] A6 o
F}= Table 29} 7tk

=]
=

A5 Aered, R Wst ol
ols) AH o2 wsfekch whebd 2 Aol Ak vl
) A Jeke FASHE AIE Aste] Ak

o] B F4 SIS o]8510] Table 29 o] &
7|1 M@A=E APkt

Site Ao||4]2] Atkinson E7|A&HAZ= 0.007~0.015
kg/m’ # 9ol B2 0.008 kg/m’ 2 AEE|9ic). gt
, AF7] 7V TA FY £=44E ol8ste] §7]
APAGFE 4RSS Aak= Fig. 79 ZAISACH

SRS ol gdl =ES BIAYARe] M=
0.008~0.018 kg/m’o]® 4 0.013 kg/m’o|c}. &
WO 3t APAGE B Al WubEe 71zl 7Y
9] E71A48A4=31 0.009~0.015 kg/m’(Prosser and
Wallace, 1999; CHASM, 2015)9} G-ARst AnkE ®olck
3.3 M3y S MF

Site Aof|A] S APyteasured
Pruimaeas Fot0] A3 AF7
foFstolct. AAg7IEe] ofgt

kS



e A5HE 7
Table 3. Fan pressure and expected velocity at Site A
. Natural Measured Expected
F M APr leasure APES imatec Pan
an type casurement times Velocity (m/s) | Velocity (m/s) | Velocity (m/s) Measured timated *
9:00 ~ 9:36 -0.58 1.60 2.18 2.5 42 ~10.7 | 6.7 ~ 132
10:26 ~ 10:42 -0.49 1.65 2.14 2.1 40 ~ 102 | 6.1 ~ 123
Jet Fan 11:02 ~ 11:16 -0.49 1.66 2.15 33 36 ~93 | 69 ~ 126
11:00 ~ 11:33 -0.51 1.64 2.15 4.1 40 ~ 103 | 8.1 ~ 144
11:54 ~ 12:05 -0.19 1.60 1.79 6.7 36 ~93 [103 ~ 16.0
Average 2.1 9.7 Pa
14:59 ~ 15:07 -0.49 1.42 1.91 2.6 31 ~80 | 57 ~ 106
Propeller Fan 9:03 ~ 9:33 -0.55 1.46 2.01 2.9 33 ~85 | 62~ 114
10:06 ~10:19 -0.51 1.42 1.93 2.8 31 ~80 | 59 ~108
Average 2.0 8.4 Pa
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Table 4. Comparison of energy consumption

37] 598 9 571ET) vl A

Category Jet fan Propeller fan
Fan pressure (Pa) 6.4 ~ 12.7 59 ~ 109
Air quantity (m’/s) 585 ~ 713 62.5 ~ 65.7

Power (W)

769.7 ~ 709.3 (A)

509.0 ~ 578.4 (B)

Energy consumption ratio

1.23 ~ 1.51 (A/B)

and Nguyenl., 2014). 741 AZ7|9} T2 A=+
7] 7VSA] ¥ 5kE 3709k 2700 AR ARE £l V)
T adekol Zkzh 164.3~187.1 m's, 139.6~147.8
m'/sol| o2tk uhebA &4 AF7I7F A ow &
A 2 2odes & o oy wiFe] avef 9
sto] FlE= 715l olste] JIFAE W LdEA9
=gt 7hsAo] ol g A 715 9lste] F
Hduct)S FL3HR] ¢hal o] gsl= ZE2H Y AE7]9]
Ao wiFe] arke] HA3E B3 0 FEA A
3 Alojs RE=A] Hagh a7 o] sholck

5. IRMS7| ZHEIY Hlw

Table 30| eIt vle} o] 15 kWG HFL 5574
K710k A5 812 A made AEle fE F
o 79 BUSGOL S4B 274 AF7I7H15%
= A bl uet ABARIEE A7) 71
LA LA Ar]Ee] HIE Table 4] RoFE 3t 2
o] HFA HE/I7 1.23~1518) A hepdek
6. 4 2

£ AT S A8 BAE AdelA] BUE 1S kw
870] ©9509] AT Z5A] 4719} D16002] A<
o, AFY LA AE7)e o B ans
mEAslgon Fo A7ATH et gk

o W

—

o e ot

T A 32.7 mPQl S5t A% Yol A A3t
FA 9 ey AF5719 U 247 9.7 Pa,
APai 2 AE7|7} 15% A, A= Y §&
222 64.9 m'/s, 64.0 mY/sE 70| Fs}rt
cZeEy AE7)e oA 327 m' BEO] AL oF
300 m, TFAZ 122.7 m® Y=ol 2F 120 m 9
ollA 74 g0l viste] Jeiaos FU%
Y SEREE Belof whet v ul MY B
o EAke AR L 7heAt B0 )4 Wl wjy] &
& oA Zade HAF7)7t psivtal FrhEc

)
Kl

3. AF71Y 7Mso R EEEE 140 AERS f5
of oJafl JIFAEZRY 7|77 fU== g ¥
ZFg Afe A 23 A%l WA 1227 m’
oo Awe] A9 74 ASrI7F a4t 4
ol 3 ARAF A7 Ye, U3k 1643~
187.1 m¥s2 Zzag] HE7]0] 139.6~147.8 m’/s
of Hlate] Wt ey AP =tRE 719 Aol
LAEH A= Aot o ER TS HEst
2 g3 Agshe 2y AF7)9 Alkedt Ao
Brlaart ikl dekE

4. B IS FAH | 3F3] St A8 F
£ 15 kW 74 A37)eF 229 A7)0 oy
A A A H O R HoEo] 5% Y= & F57
Al AE77F =2y AE7)o vlsle] 1.23~1.51
v 2A] YEpdt.

5. 147 Pa, 880 rpm @] AFRL, A&3)d ZaHy AF
7l 7189 1FY EFA AFE NS 100
m’/s, 235 Pa®] AEQF Z74] AE7o| ulste] 7
Y dehdof 23 e dEA vjy] 9 2R BT 2
HEZ Alegt Alo] &8 223 YR &g e
ME =3t oS Bock @A stuligatel &4
H ZHo| gle zauy AFv)e] I dichd At
ofo] 8-S 3t Hrl HIZ HE/ aH)

NN

2 As ARSI el uR)7)&E el
“oU A3]AE A8 At A dE dR7 T vl
A3} 7)e AES AHIFAIS: 2013T100100021)”
o] ¢i+tH] A Ye Fote] FHE AL U

References

N

O o d

15, ATE, ol 2013, “Hieke A 2AEE
vl Bel A, 2013 gfreRrEels] A 53 ¥

FeElE 3] =2 KSRM, October, pp. 180-183.

B, AT, oI, 2004, “EREY A otz
il

-
S}
= AARAT, 2004 l=reliree)e] Aol E e =

A



EERREIEE R 1"

% KSRM, October, pp. 61-72.

. O|ARS- Q). 2014, XF2/7)EFEIE328) CIR, Seoul, Korea,
pp. 133-163.

. Brian, S.P. and Loomis .M., 2004, “Measurement of
frictional pressure differentials during a ventilation survey.”
Proceedings of the 10th US/North American Mine
Ventilation Symposium, Anchorage, Alaska, USA, pp.
59-66.

. CHASM, 2015, Ventsim Visual User Guide.

. Grau, I1II, R.H., Krog, R.B., and Robertson, S.B., 2006,
“Maximizing the ventilation of large-opening mines”,
Proceedings of the 1I1th US/North American Mine
Ventilation Symposium, University Park, Pa, USA, pp.
53-59.

. Hartman, H.L., et al., 1997, Mine ventilation and air
conditioning, 3th Edition, John Wiley & Sons.

. Krog, R.B. and Grau III, R.H., 2006, “Fan selection for
large-opening mines: vane-axial or propeller fans-which
to choose?”, Proceedings of the 11th US/North American

10.

11.

12.

13.

Mine Ventilation Symposium, University Park, Pa, USA,
pp. 527-534.

. Lee, C.W., and Nguyen, V.D., 2014, “Venturi effect

induced by local ventilation fan in large-opening
room-and-pillar mining sites”, Tunnel and Underground
space, Vol 24, No 6, pp. 464-472.

Lee, C.W. and Nguyen, V.D., 2015, “Development of a
Low Pressure Auxiliary Fan for Local Large-opening
Limestone Mines”, Tunnel and Underground space, Vol
25, No 6, pp. 543-555.

McPherson, M.J., 2009, Subsurface ventilation and
environmental engineering, Springer Science & Business
Media.

NIOSH, 2002, Using propeller fans to improve ventilation
in large-entry stone mines, NIOSH Technology News,
No 499.

Prosser, B.S. and Wallace, K.G., 1999, “Practical Values
of Friction Factors”, Proceedings of the 8th US Mine
Ventilation Symposium, June 1999, pp. 691-696.

Ht =
=S

20159 Foleisti Fafeist ofuix]-

AFSN AL

M

Tel: 051-200-5586

E-mail: parkdjll1@naver.com

AA Forietal Fapeie} ofufx]- Ak
Fopat Ay

o
=]

1978 Acfshn Bakfe} A)Tsk}

FSHA}

1983 u]=* Pennsylvania State Uni-

versity, A XTI Bokh akaAl

1986 w}=- Pennsylvania State University,

ERRPEE S

Tel: 051-200-7769
E-mail: cwlee@dau.ac.kr
A Solelstu Fafchat o4

I35 A~
Soh g

7t
20159 Folristi Fafdist ofulx]-

AAFSl oA}

r
fol

Tel: 010-2388-2915

E-mail: jinnnn22@naver.com

@A Sotesti Fahes AT
PEREE




