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A study on the effective fire and smoke control in transverse oversized
exhaust ventilation

Sang-Pil Han, Yong-Han Jeon

ABSTRACT The smoke control system plays the most important role in securing evacuation environment when
a fire occurs in road tunnels. Smoke control methods in road tunnels are classified into two categories which
are longitudinal ventilation system and transverse ventilation system. In this study it is intended to review the
characteristics of smoke behavior by performing numerical analysis for calculating the optimal smoke exhaust
air volume with scaled-model and simulation when a fire occurs in tunnels in which transverse ventilation is
applied, and for obtaining the basic data required for the design of smoke exhaust systems by deriving optimal
smoke exhaust operational conditions for various conditions. As a result of this study, when the critical velocity
in the tunnel is 1.75 m/s and 2.5 my/s, the optimal smoke exhaust air volume has to be more than 173 m’/s,
236 m’/s for the distance of the smoke moving which can limit the distance to 250 m. In addition, in case of
uniform exhaust the generated smoke is effectively taken away if the two exhaust holes near the fire region are
opened at the same time.

Keywords: Transverse ventilation, longitudinal ventilation, oversized exhaust, exhaust air volume
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Table 1, Experimental condition on simulation

Elements Prototype (m)
Length 659
Height 5.04
Width 12.6

Duct height 2.54

Port size 0.5x1.2

Fire intensity 20 MW
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Table 2, Port distances for different cases

Case Distance (m)
Case 1-1 60
Case 1-2 140
Case 2-1 60/140
Case 2-2 100/180
Case 2-3 140/220
Case 3 60/140/220
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Fig. 1. Numerical analysis of smoke flow by oversized exhaust
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Fig. 2. Smoke spreading characteristics at tunnel air velocity 0
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Fig. 3. Smoke spreading characteristics at tunnel air velocity 1,75 m/s,
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Table 3. Comparisons of experiment and simulation by smoke spreading distance

Experiment (m) Simulation (m)
V=0 Ve=1 Ve=2 Ve=3 Ve=0 Ve=1 Ve=2 V=3
(m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s)
60 m
(Case 1-1) 140 140 120 80 207 147 114 85
140 m
(Case 1-2) 180 170 160 150 225 177 163 151
60/140 m
(Case 2-1) 150 150 140 130 225 159 145 130
100/180 m
(Case 2-2) 190 180 180 160 234.9 181 172 159
140/220 m 230 220 220 200 248.4 207 207 197
(Case 2-3)
60/140/220 m 240 230 220 200 237.6 189 179 151
(Case 3)
e . ————————— .

Dt
(a) Experiment

(b) Simulation

N I I N S
I I

320m 280m 240m 200m 160m 120m 80m 40m

Fig. 5. Comparison of experiment with numerical analysis (tunnel inner airflow velocity=0, Vc=0)
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Fig. 6, Comparison of experiment with numerical analysis (tunnel inner airflow velocity=2.5 m/s,
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