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Influence of Ventilation Mode on Smoke Spread in Asymmetric Tunnel Fires

XIAO Junfeng'? ,HU Taotao' >, QIN Rongshui'”,LIANG Zhixin’

(1. National-local Joint Engineering Laboratory of Building Health Monitoring and Disaster Prevention Technology,
Hefei 230601 , China; 2. School of Civil Engineering, Anhui Jianzhu University , Hefei 230601 , China)

Abstract: In order to study the effects of different ventilation methods on the spread of fire smoke
in asymmetric tunnels, PyroSim numerical simulation software was used to construct an asymmetric
tunnel model,to study the smoke flow rate, temperature distribution and smoke movement in the
tunnel ,and to analyse the effects of different wind speeds on the evacuation of people. The results
show that there is a competitive relationship between the induced airflow and the supplementary air-
flow in the uphill tunnel,and as the difference in slope increases,the flue gas flow rate increases,
the flue gas is discharged from the uphill tunnel, and the fresh air enters only from the flat-slope
section of the tunnel to supplement the combustion consumption. The tunnel is filled with smoke
under natural ventilation,and the tunnel environment is improved under a longitudinal wind speed
of 1.5 m/s. As the wind speed continues to increase,the tunnel flue gas flow rate is disturbed and
the flue gas layer is disturbed. In practical asymmetric tunnels, it is recommended to ventilate the
tunnel with a longitudinal wind speed of 1.5 m/s at the beginning of the fire,and then increase the
wind speed to accelerate smoke evacuation after the evacuation of people.
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Table 1 Numerical simulation of working conditions
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Fig.1 Schematic diagram of the tunnel model and
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Fig.2 Schematic diagram of smoke spread in the tunnel
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Fig.3 Flue gas flow rate distribution under natural

ventilation
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Fig.5 Longitudinal temperature distribution curves

TPl S AT, K T T A e 1R i 3 B 2% ) 34
KBS, 77 A RIS i S PR 2 3 B 2 38
I V1350 A P 58, 28 S0 SR, 97 6 25 SR It
AHRE T MR, [T F R (s X TOUAR 17 #4402
BR/D BN R R iR B, 20 =1%0T, i
o ek A K R A RIS 3 A5 BT, W A S R 2R R
¢ i Y AN B ) KR N W AS B0, 2 0 = 9% B Fe e

TS EAE R 3 m A,

&S A il A5 H gt R A< B R A
32 I B 25 R AR, M RR B B 22 1 I %
SRIE K, VR BRI K BN, Y
0=9% I}, WA EA R 6.4 m, t=X(7) 7%,
S RN, 33 R R R R H R R
125 AP B4R, it S35 b6 3 PR R 2 A LA 1 3
SHR, PO 1T R T A R A O R
BN

K6 NPBELH RN 7.5 MW, B2 0 )\
1% 3 JINE] 9% 550 KRB i K AR

140 145 150 155 160 165 170 175 180
Ym
(a) 6=1%

P S S T o .
~ ¥

8
£
NZ

0

1

i /i,ﬁ, ISR T
azoragur e N E 7 AR g e e
P e YOS

[Ey

40 145 150 155 160 165 170 175 180
Y/m
(b) 6=3%

Y/m
(c) 0=5%

-
s
e ey R ok o S ]
Form @, 27 [ 25
e ! L
X .

8
eSE s
N 4 e == {;Z./z_>a_, e = am ]
2 -
0
1

40 145 150 155 160 165 170 175 180

Ym
@ 60=1%

Y/m
(e) 6=9%

E6 BABRT MR RREZWE
Fig.6 Vector diagrams of longitudinal flow rate

of flue gas under natural ventilation
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Fig.7 Temperature cloud diagrams in the longitudinal

plane near the fire source under natural ventilation
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Fig.9 Temperature distribution at the characteristic height of the human body
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Fig. 10 Distribution of visibility at human characteristic height
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