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Development of combustion efficiency model in natural ventilation tunnel fires

Tanaka, Futoshi
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Combustion efficiency in tunnel fires was measured using a 1:20 scale model
tunnel. The results showed that combustion efficiency was little affected by tunnel length, and
average values were 89% for propane fires and 80% for heptane fires, respectively. In the case of a
long tunnel, descending smoke and backflow of air vitiated by mixing fresh air with descended smoke
occurred, and the fire was completely surrounded by vitiated air. In this vitiated fire condition, a

ghosting flame was observed close to the fire, and ultimately the fire self-extinguished due to
lack of oxygen. In the vitiated fire, the chemical HRR of the fire decreased to half or less that in
the normal fire, but combustion efficiency was 94% for heptane fires. Furthermore, numerical
simulation was conducted by using the Fire Dynamics Simulator. The FDS reproduced the suffocation
extinguishing of the fire caused by the backflow of smoke.
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