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Numerical Analysis of Characteristics of Confined Wall-attached Jet
Flow in Heading Face Excavation

LUO Zhouquan, ZHANG Chaobo, LU Hao
School of Resources and Safety Engineering,Central South University, Changsha 410083 ,Hunan, China

Absiracl Research on excavation of rectangular heading face is conducted to understand the characteristics of air flow in the process of
heading face excavation in underground metal mining with a forced ventilation system. The air flow field of forced ventilation in heading
face excavation is a confined wall —attached jet flow limited by space, whose characteristics have great influence on ventilation of
roadway. Problems such as dust and hazardous gases are tightly related to the charactenstics of the jet flow. The jet flow in the
excavation process of heading face working is a confined wall-attached jet flow, which is subject to limited space and makes it extremely
difficult for the mine to effectively ventilate; the characteristics of jet flow are not fully consistent with those in the unlimited space. In
order to improve the ventilation in heading face excavation of Fankou lead—zinc mine, a standard k& —e mathematical model of confined
wall-attached flow field in the heading face excavation process is established and the boundary conditions of the model are determined.
GAMBIT is employed for mesh generation, and the computational fluid dynamics (CFD) software FLUENT is selected to simulate the air
flow field. The results are as follows. Firstly, the flow filed can be divided into 3 parts, that is, wall-attached jet area, impact jet area and
backflow area; secondly, the initial length of the confined wall-attached jet is less than the value obtained by theoretic analysis; thirdly,
the jet wall axial velocity is larger than that of the central inlet of the tube after the confined jet flow is fully attaching. The paper reveals
the characteristics of the flow field, and is useful for the improvement of ventilation effect of confined wall-attached jet in heading face
excavation.
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Fig. 1 3D model of heading face
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Fig. 2 Contours of velocity fileds in x-z plane and
y-z plane of jet center
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Fig. 3 Velocity distribution of particular direction
in wall-attached jet
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Fig. 4 Contours of characteristic velocitise in x plane
along the jet outlet
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Fig. 5 Initial lengths of jet flow under different distances to

the heading face
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Fig. 6 Initial lengths of jet flow under different edge lengths

4 i

Sk A T8 A S B S e XU 7 B R SR T 23 S
Ut B S5 3 DX et SR U B DR R X, A2 R DU R 255 i
Bl BESN 2.0m, 2 fh B 2 J5 3B U AT U6 T B B SR 2=
6.0m 12 (B M BEF S50 58 420 1L, i 681 JE2 O B 28 228 A
BT W0t B, Sh A T ff Mr b s Rk 2 i, b ik sa=
9.0m IJE Jicum o Ik BEFSF 3AE , I S0 A8 0T 2k, T i IR

A SCHIF 5 S it ST AR S TR AT 3 Rl = 4 23 ) 58 42l 0 K
ORI T, 0 T =2 B B IR A X 28R 58 4 0 AR i Sk A
I ARBESE, I, N — PR TAE 2 = Bt B I S48 1 4
HEIE A 2 KR 5 RSB 0 A7, DLAR RHBE AT & — T
GBI A e,

2 %3 1k ( References)
[1] AR, & Jm i 3 2 il HOR B D). K vb: g K%, 2007.

Hu Hanhua. Research of heat damage control in metal mining [D].

ﬁﬁmlll! L)
Changsha: Central South University, 2007.

[2] FHERF, it XA, 8. 1 N XS BN BRI 3 0 30 1 ik e 2 M0t
FE). I ILRHE B4l 2001, 11(4): 4-7.

Wang Haiqiao, Shi Shiliang, Liu Ronghua, et al. Journal of Heilongjiang
Institute of Science and Technology, 2001, 11(4): 4-7.

(3] B, XIZRA R o 2k Sk 60 52 BN B 3 0 0 e A AL 52
WEFEN] v E T RERL 2, 2004, 6(8): 45-49, 63.

Wang Haigiao, Liu Ronghua, Chen Shiqiang. Engineering Sciences,
2004, 6(8): 45-49, 63.

(4] %, XA, B0z k. 2 Sk A6 A2 BRI R SR I e fiE 2 KO0 03 1 3%
W S [)]. v e A Rl 2R, 2010, 20(3): 24-28.

Zan Jun, Liu Zude, Zhao Yunsheng. China Safety Science Joumal, 2010,
20(3): 24-28.
[5]Jain S, Kumar S, Kumar S, et al. Numerical simulation of fire in a tunnel:
Comparative study of CFAST and CFX predictions[J]. Tunnelling and
Underground Space Technology, 2008, 23(2): 160-170.
[6] Qi R F, Ng D, Comier B R, et al. Numerical simulations of LNG vapor
dispersion in brayton fire training field tests with ANSYS CFX[J]. Journal
of Hazardous Materials, 2010, 183(1-3): 51-61.
[7]Galdo Vega M, Augiielles Diaz K M, Fernandez Oro J M, et al. Numerical
3D simulation of a longitudinal ventilation system: Memorial tunnel case
[J]. Tunnelling and Underground Space Technology, 2008, 23 (5): 539-
551.
[8] Wang F, Wang M N, Wang Q Y. Numerical study of effects of deflected
angles of jet fans on the normal ventilation in a curved tunnel[J].
Tunnelling and Underground Space Technology, 2012, 31(9): 80-85.
[9] Lin Z, Tian L, Yao T, et al. Experimental and numerical study of room
aiflow under stratum ventilation[J]. Building and Environment, 2011,
46(1): 235-244.
[10] B3 JET Fluent BYURFIH A 50K KM A 8 SHERIBETED]. K
W R, 2011
Lou Shuhan. Study of fire smoke flow and contwl in gymnasium based
on Fluent| D]. Changsha: Central South University, 2011.

[11] 8 A, FH 22/, FLUENT— (4 TR 45 B0 5E 55 1) 5 00 FH M.
dbat: bt TR A R, 2004.
Han Zhanzhong, Wang Jing, Lan Xiaoping. FLUENT: Fluid engneering
simulation calculation: example and application [M]. Beijing: Beijing
Institute of Technology Press, 2004.

[12] Eihr, s, X028 A, S5 Al S A% 0 B B2 S5 3t i XL 32 K (B2 40
WEFE[I]. M0 241, 2004, 29(4): 425-428.
Wang Haiqiao, Shi Shiliang, Liu Ronghua, et al. Joumal of China Coal
Society, 2004, 29(4): 425-428.

[13] B A, WRE il T Fluent A7l Skt e JAURE L B (A0 AF 5
[ BACE M, 2011, 2(2): 33-36.
Zhao Chenglong, Chen Xishan. Moderm Mining, 2011, 2(2): 33-36.

[14] PEAT =%, BRE V-, T4 5T Fluent L0004 Al Sk 45 38 38 KU 3 4 B[]
B R B BESY, 2010, (8): 78-79, 82.
Pang Fulan, Chen Yuping, Wang Wei. Management and Research on
Scientific and Technological A chievements, 2010, 8(8): 78-79, 82.

[15] JRBEL VoM 5 5 ML, 45 3 0. L5t o[ A0 Tl H
1999.
Zhou Moren. Fluid mechanical pumps and fans[M]. 3rd ed. Beijing:
China Architecture and Building Press, 1999.

(FEsmd #19)

47 E



