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An Experimental Study of Smoke Movement in Tunnel Fire
with Natural and Forced Ventilations '
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Abstract

In order to design of emergency ventilation systems, the smoke movements in tunnel fire with
natural and forced ventilation were investigated. Reduced-scale experiments were carried out under the
Froude scaling with novel fire source consisting many wicks. Temperature profiles were measured under
the ceiling and vertical direction along the center of the tunnel and poisonous gases were measured at
emergency exit point in the natural ventilation case. In forced ventilation, temperature profiles were
‘measured with various flow rate to obtain critical velocity. The results showed that the interval of
emergency exit having 225m was estimated reasonably through the measurements of temperature
variation and poisonous gas in the natural ventilation. In the case of forced ventilation, the temperature
distribution near fire source is remarkably different from that of natural ventilation. Also, the critical
velocity to prevent upstream smoke flow has the range of 0.57m/s between 0.64m/s. Finally, it was
also identified that although the increase of flow rate can suppress the backward flow of smoke to
upstream direction, brings about the increase of flame intensity near stoichiometric fuel/air ratio.
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Fig. 1 Schematic of the experimental setup ad thermocouples
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Table 1 Model tunnel using Froude scaling

Prototype tunnel Mode! tunnel
Horizontal length 600 m 334 m
Vertical length 75 m 0417 m
Location of emergency exit 25 m 125 m
Heat release rate 20 MW 1 4‘-55 W
(for a bus)
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Fig. 2 The variation of heating value for one wick
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Fig. 4 Photograph of a smoke using wicks -
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