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Research on 3 Dimensional Air Flow Simulation in Underground Workings

KIM Bok-youn, HAN kong-chang

ABSTRACT According to the wide application of diesel equipments in tunneling faces, the air
contamination by various toxic gases and carcinogenic diesel particulate matter becomes a
serious problem these days. For taking a scientific measures to solve the problem, the way to
simulate 3 dimensional flow movement of the working sites is required. In this paper, the newly
developed simulation program(3D-FLOW) and the results of a simulation on a model tunneling
workings using diesel equipments are introduced. In case of typical model of tunneling face, the
gas concentration of human height is about one third of roof concentration and right side half of
the tunnel shows better environment than left half. NOx concentration of workings can be
estimated about 0.45ppm which is much lower than permissible level(5 ppm).
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Fig. 1. Three dimensional control volume for CFD.
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Fig. 2. Calculation model of Wall Jet.

1.2
g from Rajaratnam’s
1.0 e data
o 0.8 = simulation result
o
2o e
=0.4 \3\.\%&
e
0.2
0 5 10 15 20 25 30

x/ v A
Fig. 3. Distribution of Maxinum Velocity of Wall Jet.
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Fig. 4. Distribution of horizontal velocity on vertical
plane in fully developed flow region.
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duct

EZolx $&9 Aol 0.36 m? whie] Edto] vt
Ao 2HE] 10 mz1H71A] Ax)slo] wlE 65 m*/min.
3718 Boldn gl AAlelrt. AU FILEE
15°C, wtahmioll A 7H= 9] 2h kA= 20 mQ) 734
tAlAa]el4 HEEE NOx B E2E 4 715S )4
sdet. Eats 2w F7He] Aot AARAE vE
sto] 7] 9l 7129 242 FelA parameter 5 ofz]
742 dEe]l dEEgler A4 A7H2 Pentium
PCollA] 2k 504 7+e] 4= Q=] ct.

4.2 Hlak 2}

chgel a5 329 4 e e g X
(@7, YE&), Zezo)e} 3w 3717 el 4 7121L
g 7tAEE BXE HoldEar gl Aot

1) 18 68 b2k 5 m ko] Y-Z whwio 2 ubxbal
Ah) 9] F7F B2 ggho]ch,

- A% 91 WETS B sheld 9oz e
& ARl %oz gebke V1R A 2
am

- ThEEEE A S 59 Aololld Fha

A dehe] A BEE 0 SR 05%

t},
. Argtel ?l Eololld B = 1/3 7+ 0.15%
ols}l, & 2/3 F7LL 0.1%o]slE $& HEo|

HE ﬁi’é%l% o 5 Qiet.

o T AnlEL] H NOx w2 57} 300 ppm

o4& ARbslH, #3513 #7045 ppm, %

2/3 F7H& 0.3 ppm o2 =50} 3 &£E%Q 5

ppmEchs 4 oE-2 o 4 Qi

2) 18] 72 ulAlo g HE] 725 m 3] Y-Z ¢hy

o, c]AANE 7Ex 2 ko)), AnE S
dlell £ 223} $2 270o] YelE vlmg & ek

- Aulg} $Eu Apololl i V) Frk AlA] weke g

A 1 glom, Ao} & Ao]of|A] = 2k

ZollA whehg Bl bl Z1R7) A% He A




254

Fig. 6. Flow vector and NOx concentration of section Y-Z at 5 m from the face.

Fig. 7. Flow vectors and NOx concentration of Y-Z section at 7.25 m from the face.

Fhod 4R o} ThdA $Ho T ot £olu}.
o Aol FAF ERAbolol| A 7IAF L kg E L} o Akl 7] =old] Hul HAHeg 0.12%(0.36

R 9lor, s WEEssel 0.6% ppm) o|&}, FZMol} 7S ol A= 0.18%(0.



B g3 AstFg 255

Fig. 8. Flow vectors and NOx concentration of Y-Z section at 12.25 m from face.

Fig. 9. Flow vectors and NOx concentration of X-Z section at 1.1 m from the left wall.
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Fig. 10. Flow vectors and NOx concentration of X-Z section at 3.1 m from the left wall.
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Fig. 11. Flow vectors and NOx concentration of X-Z section at 5.9 m from the left wall.

Fig. 12. Flow vectors and NOx concentration of X-Y section at 1.5 m from the bottom.
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Fig. 13. Flow vectors and NOx concentration of X-Z section at 2 m from the bottom.

Fig. 14. Flow vectors and NOx concentration of X-Y section at 4 m from the bottom.
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