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An Experimental Study of Smoke Movement in Tunnel Fires
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Abstract

In this study, reduced-scale experiments were conducted to understand smoke movements in tunnel
fires with the natural ventilation. The 1/20 scale experiments were conducted under the Froude scaling
since the smoke movement in tunnels is governed by buoyancy force. Six cases of experiments(pool
diameter is 6.5cm, 7.3cm, 8.3cm, 10cm, [12.5cm and 15.4cm), in which vertical vents positioned 1m
from the fire source symmetrically, were conducted in order to evaluate the effect of the vent on
smoke movement. In case of heat release rate under 2MW, smoke front reached to the tunnel exit
about 20 sec delayed with ventilation and the smoke velocity was proportional to the power of the
heat release rate. Temperature after the vent was lower than without vent. In case of 15.4cm pool, the
temperature difference was about 50C. It was confirmed that the thickness of smoke layer was
maintained uniformly under the 35% height of tunnel through the visualized smoke flow by a laser
sheet and the digital camcoder.
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Fig.1 Photograph of the reduced tunnel
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Fig.2 Schematic of the model tunnel and the position of thermocouples
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0.714
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1.46
25
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QF(MW)
1.276
1.79
2.629
4482
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Table.1 The model and full-scale heat release
rates in each pool

with vent without vent
QkWI| 11— 15[51] Viont | trui=1508]| Vipom
0.714 20.2 0.149 1444 10208
1.0 18.78 0.16 14.01 0214
1.46 16686 | 0.181 12.4 0.241
2.5 14.488 | 0.208 11.1 0.27
477 10875 | 0.276 8.92 0.336
8.46 9.675 0.31 6.9 0.435

Table.2 Reaching time from T5 to TIl and
average velocity of smoke front
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Fig.4 Longitudinal temperature distributions
in the tunnel at 100sec
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Fig.5 Vertical temperature comparisons with various diameters
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