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A Numerical Study on Characteristics of Smoke Exhaust in Road
Tunnel Fires for Different Ventilation System
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ABSTRACT

In this study, three Dimensional CFD simulations were carried out to investigate the effective smoke
extraction system in bi-directional road tunnel fires using FLUENT. Characteristics of transverse system
with big size extraction port or with uniform extraction port, semi-transverse system and longitudinal sys-
tem for smoke extraction system were anatyzed. Air velocity, port size, and operating method were used
with variable. Distributions of smoke spread, CO was analyzed. As a result, the transverse ventilation sys-
tem with big size port was found to be more effective than the uniform ports for bi-directional road tunnel.

Keywords : Bi-directional Road tunnel, Smoke extraction, Transverse, Semi-transverse, Longitudinal, CFD
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Vr=2.5m/s

(a) Transverse ventilation system with oversized exhaust
ports (Case 1 : Casel.1 and Case 1.2)

Vr=0m/s, 2.5m/s

(b) Transverse ventilation system with balanced exhaust
ports (Case2)

=

e

Vr=0mys, 2.50/s

(c) Semi-Transverse ventilation system with balanced
exhaust ports (Case3)

T Ve=Oms, 2.5m/s

(d) Longitudinal ventilation system (Case4)

Figure 1. The Schematic of tunnel model for different
ventilation system.
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Table 1. Specification of simulation model

ed @8 (m?) 71.96 m?
%273 8.58 m
g 34 77 A 600 m
wjel = 188 m’/s
Bd ) 1.27%
A7+ 0.12 m?
wl7] 7 =7) | (Casel3) | (03x04 m, 5 m 7H4)
9 7+ ey 71 12 m?
(Case 1) (3x4 m, 100 m 7+4)

Table 2. Case of simulation

Case Fa wj 71+ =7) =i
0 m/s 12 m?
Case 1.1 25 s (x4 m) huy 7]
0 m/s 9 m2
Case 1.2 75 s (3x3 m) ojul 7}
0 m/s 0.12 m?
Q
Case 2 35 s 03x04 m) ddui7]
0 m/s 0.12 m? =
Case 3 2.5 m/s (0.3x0.4 m) fLi i
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ase - =
2.6 mfs i
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Figure 2. Fire upstream diffused distance according to
elapsed time.
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Figure 3. Fire downstream diffused distance according to
elapsed time.
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(b) Case 2

- (= Bm
i

-
~"%00ppm 3

226m

-
6min

(d) Case 4

Figure 4. CO distribution of different ventilation system
tunnel (v=0 m/s, 6 min).
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Figure 5. Fire downstream diffused distance according to
elapsed time.
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Figure 6. CO distribution of different ventilation system
tunnel (v % 0 m/s, 6 min).
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Figure 7. Fire upstream diffused distance according to
elapsed time.
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Figure 8. Fire downstream diffused distance according to
elapsed time.

100m 100m ; 100m

hated 34 AASATH

#14 ZA#}ZM Figure 7~Figure 9o A HFe} 3t
Fugo 29 ArlelsAE Yelith 28] Y
Rt Bieb Zho] g7t E HEehe 73-9(Case
2), 971+ AT 48 T AFUEOEE 200 mo]
4, setdeze s A 6 F 126m HxE 0
Foch 7] g Heshe B9 Arlole e
Case 1.198] ZA$-olAM e 3h2] 24 6% F 148 m, Case
129 AN e 130m7hA olEsh, &EdS #
AFeHAl VERRTE

33 FeU| Ciuio|7 2UHo cist Yk

IF guir 1A E F83ks A, vl
Azl wlAEA e G diste A
AL Arstch Byl F40] omisel F$9F A
o] ggko] Ux A5 mis)l delM e
o o] o, iyl s TESE HE A7 &
A& AN

33.1 o] EA8kA dv 20 ms)

el A&7 e] gle @70 a7t 2 st

300

o]
200 | . D :
Lo /é
b R N MR & A
100 e /D/ :
z o)b/n Case 1.1
8 0 k- 2 B . ~{ Number of Open Port
g —m— 4 port (upstream)
B r [N P --®-- 2 port (upstream)
D 400l \ e . | —0—4 port (downstream)
». .| -©-- 2 port (downstream)
; - -
: T .- " =
200 |- : : : : %
: e
.300 . Il . L 1 N 1 x i . i
0 1 2 3 4 5 6 7
Time{min]

Figure 10. Diffused distance according to elapsed time.
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Figure 9. CO distribution of transverse ventilation system
tunnel at 6 minutes.
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Figure 11. CO distribution of oversized exhaust ports
tunnel (v=0m/s, 6 min).
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Figure 12. Fire downstream diffused distance according to
elapsed time.
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Figure 13. CO distribution of oversized exhaust ports
tunnel (v=2.5 m/s, 6 min).
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