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Abstract

In this study, FDS (6.7.9) was adopted to investigate the smoke extraction efficiency of point extrac-
tion vents in inclined tunnels, considering factors such as heat release rate (HRR), smoke exhaust
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rate, exhaust vent width-length ratio, vent interval and vent arrangement on each side of the fire
source. The results indicate that for horizontal tunnels, emphasis should be placed on the design
parameters of exhaust vents, which should be arranged symmetrically. The smoke extraction effi-
ciency increases with the increase of smoke exhaust rate and width-length ratio of exhaust vents,
but remains basically unchanged with the variation of vent interval. For inclined tunnels, priority
should be given to the design of vent arrangement; the smoke extraction efficiency of the “2+” and
“1+” arrangement in tunnels with 1% slope, as well as the “0+” arrangement in tunnels with 3% and
5% slopes, is less affected by smoke exhaust rate, exhaust vent width-length ratio, vent interval. For
other arrangement, the smoke extraction efficiency can be improved by increasing the smoke ex-
haust rate, increasing the width-length ratio of exhaust vents and reducing the distance.
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Table 1. Summary of the numerical simulation cases
=1 BEHTEIRR

L'—;_l'p' e
TH HRR(MW) B A e 0 HE 145
1~4 50 0%, 1%, 3%, 5% None None None None
195, 292.5, 390 4x2
~ 0, 0, 0, 0, ’ ’ ll y
5~44 50 0%, 1%, 3%, 5% 60 487.5. 585 8x15 3+3
195, 292.5, 390,
45~104 50 0%, 1%, 3%, 5% 40, 60, 80 487.5. 585 6x2 3+3
105~116 5,10,20 0%, 1%, 3%, 5% 60 195 6x2 3+3
117~120 50 0% 60 243.75,292.5 6x2 2+2,1+1
2+4,1+50+6,2+3,
121~186 50 1%/3%/5% 60 42897255;212305/32223 6x2 1+4,0+5,1+3,0+4,
' = 1+2,0+3,0+2
4x3 2+4,1+50+6,2+3,
187~252 50 1%/3%/5% 60 390/487.5/585 8x1 5 1+4,0+5,1+3,0+4,
’ 1+2,0+3,0+2
2+4,1+50+6,2+3,
253~342 50 1%/3%/5% 40, 60, 80 390/487.5/585 4x2 1+4,0+5,1+3,0+4,
1+2,0+3,0+2
343~345 5 0% 60 72,90, 108 6x2 3+3

2+4,1+5,0+6,2+3,
346~356 5 1% 60 108 6x2 1+4,0+5,1+3,0+4,
1+2,0+3,0+2

1+50+6,1+4,0+5,

357~365 5 3% 60 162 6x2  1+3,0+4,1+20+3,
0+2
366~370 5 5% 60 198 6x2 0+6,0+50+4,0+3,

0+2
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Figure 1. Tunnel model
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Figure 2. Mesh sensitivity analysis
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Figure 3. Verification of numerical simulation results
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Figure 4. Distribution of temperature and velocity field under the condition of no smoke exhaust
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Figure 5. Smoke exhaust efficiency under different heat release rates (HRR)
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Figure 6. Smoke exhaust efficiency under different smoke exhaust rates
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Figure 7. Smoke exhaust efficiency under different width-to-length ratios of smoke exhaust vents
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Figure 8. Smoke exhaust efficiency under different interval of smoke exhaust vents
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Figure 9. Smoke exhaust efficiency under different arrangement of smoke exhaust vents
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