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Study on the Optimization of Smoke Outlets” Layout in Road Tunnel Design
Xia Yongxu' Li Feng'® Yao Yi'
(1. The Safety Research Center of Chang’ an University Xi’ an 710064 China; 2. Xinjiang
Transportation Planning Survey and Design Institute Urumgi 830006 China)

Abstract: For the controversy comes out in recent years about the use of smoke exhaust channel in long highway
tunnel at first this paper introduces the current application situation and the trend of smoke exhaust channel in the
field of road ytunnel ventilation then the important factors involved in the design of road tunnel smoke exhaust channel
are further explored. Finaly in the light of the heat release rate the amount of smoke the critical wind velocity as
well as the rescue and escape time the finite element numerical simulation method is used to systematically study the
reasonable layout of smoke outlets’ vertical spacing opening number and the smoke exhaust effect. It is concluded
that the opening specification type C refered in this paper can be used in road tunnel longitudinal ventilation system
design.
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Table 1 Heat release rate of different fire environment
of France ( CETU 2003a) '
( MW) (min)  (min)  ( min) (G))
8 5 25 20 18
15 5 60 15 63
30( ) 5 0 45 50
30( ) 10 50 30 125
100 10 60 20 450
200 10 60 30 960
2.2
2.5 m/s, 2 30 MW/(
)
3.1 m/so
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Fig.1 Heat release rate curve of different fire environment
of France( CETU 2003a) '
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Table 1 Ventilation requirements for French tunnel ’
(MW) (m®/s) (m/s)
<2 m 2~3 8 — 2
2m< <3.5m 15 — 2.5
>3.5m
30 80 3
200 >300 4
2 7
30 MW 80
m’/s. R =PV/T
2.25
30 MW 80 m’/s x

2.25=180 m’/s
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Table 3 Rectangular openings specifications of

smoke exhaust channel

2
Fig.2  Icon of smoke exhaust channel A 247.5 5 50 0.36
3 j};}: e s f‘\i /f}— /fJC = B 245.0 10 25 0.72
N i A ) = 23
A8 & B S BARACHT 5T C 247.5 15 17 1.06
3.1 D 250.0 20 13 1.38
E 237.5 25 10 1.80
N N F 240.0 30 8 2.25
° 10 m* /s
3.2.1 5 MW.20 MW.30 MW
3.
5o ( 3.4) m/s
250 m
6 min 4,
X X =4.6mx1.7mx .
4 6 min
1.5 m; Table 4 Statistics of temperature variation in tunnel
L, = 300 m L, = with different HRR in 6 min
300 m; ( MW) 5 20 30
1250 m ! C 175.5 323.7 386.5
:0.9 kg/m’; . ' ' '
20 - 250 m 132.3 278.0 ~379.3 ~
£0.022 m: (°C) ~28.5 38.9 67.5
3.2 250 m (C) 28.5 38.9 67.5
10
HRR 30 MW 3.2.2 30 MW
250 m 6 min 3
o 30 MW
A.B.C.D.E.F o 6 min
3 180 m’/s 5.

?1994-2014 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



672 9

»~

Z ! :

3 ( ‘m)

Fig.3  Cross section of tunnel and vertical layout of fire ( unit: m)
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Fig.4 The geometry mode of tunnel smoke exhaust channel and three-dimensional finite element model

a g
o \%’\ N

0 100

Time 4.800E+023
Probe value
4.7130E400

Velocity
1.4208401
1.331E401
1.243E+01
1.154E+01
1.065E+01
9.764E+00
8.876E+00
7.988E+00
7.101E+00
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3.5518+00
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5.0B4E-04
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5 C 30 MW 6 min
Fig.5 Temperature contour and flow field vector downstream of tunnel smoke exhaust
channel with opening specification C when time is 6 min and HRR is 30 MW
5 30 MW 6 min
Table 5 Statistics of cooling effect for tunnels with 6 types of opening specifications in 6 min ( HRR =30 MW)

A B C D E F
(C) 386.5 372.3 289.7 210.4 297.9 312.3 357.2
359.3 ~ 325.8 ~ 235.6 ~ 161.1 ~ 224.6 ~ 274.8 ~ 304.1 ~
250 m (°C) 67.5 57.5 38.5 31.2 52.7 55.8 59.1
250 m
(C) 67.5 57.5 38.5 31.2 52.7 55.8 59.1

?1994-2014 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net
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(1) 5 MW.20 MW
(2) ( A 3.2.4 C 5 MW

(1)
(3) ( D-~F)
; (2) 6 min 122. 4
(4) B.C B C 175.5 C
C. 53.1 C 22.1 ~100.5
3.2.3 C 5 MW.20 MW C ;
(3) 5 MW
C
6 min .
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Fig. 6 The distribution of temperature with time downstream
when HRR =5 MW for opening specification C
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Fig.7 The distribution of temperature with time downstream

when HRR =20 MW for opening specification C
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