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Abstract

Within highway tunnels, various emergencies during the transportation of petrochemical products may lead
to liquid spills and fires, forming spill fires in the tunnel. This paper aims to investigate the effects of blockage
caused by stranded vehicles on the combustion and flame behavior of spill fires during tunnel fires through
experimental and simulation methods. A series of spill fire experiments were conducted in a tunnel with
blockage ratios of 12%/20%/30%. The tests varied the distance between the leak location and the blockage
(spill fire spreads beneath the blockage and the flame contacting the blockage d=0m; spill fire does not contact
the blockage d=0.3m) and employed five discharge rates: 100/150/200/250/300mL/min. Flame height, burning
area, and ceiling temperature were measured. FDS simulations further revealed typical velocity, temperature,
vorticity fields, and vortex structures. The results indicate that the flame height is greater at d=0 m than at
d=0.3 m. When the blockage ratio increases from 12% to 30%, the maximum flame height at d=0 m rises by
approximately 10%. In contrast, the flame oscillation frequency is higher at d=0.3 m; similarly, its maximum
value at this position increases by around 6% as the blockage ratio increases from 12% to 30%. Blockage in con-
tact with the flame significantly changes the flow field around the flame and air entrainment. By analyzing
the spreading combustion process of spill fires, this study proposes a method for calculating the instanta-
neous combustion rate. Based on the limitations imposed by blockage on both flame surface and upper flame
entrainment, this study revised the entrainment boundary and combustion rate, introduced an entrainment
limitation coefficient, and established predictive models for the flame height and oscillation frequency of spill
fires during different combustion stages.
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