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Abstract 

To investigate the behaviors of flame spread over inclined surfaces, a series of flame spread 

experiments over whitewood with various inclinations were carried out. The development 

characteristics of the pyrolysis front with time are discussed, and four different states of flame 

spreading were observed under different ranges of surface inclination, including the accelerating 

flame spread region (θ ≥ 10°), steady flame spread region (−20° ≤ θ < 10°), decelerating flame 

spread region (−45° < θ < −20°) and extinction region (θ ≤ −45°). Among them, the decelerating 

state is a special flame spread behavior, and has never been reported in previous researches. 

Subsequently, the deceleration mechanisms of downward flame spread were explored in this study 

through a balance analysis of the heat and mass transfer between the solid pyrolysis and the gas 

combustion. An empirical formula of the critical extinction angle was established to predict the 

occurrence of extinction. 
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1. Introduction 

A flame spreading over a solid surface is a common phenomenon, and the development of the 

flame spread determines the hazard posed in a potential accident [1-3]. Flame spread in an actual 

fire is complex and has many factors, of which the inclination of the solid surface is one of the 

most important. In the King’s Cross fire in London in 1987, the 30 inclination of the escalator 

was a crucial factor in the rapid spread of the fire, causing a disaster [4, 5].  

Since this accident, more attention has been given to the effect of the inclination of a solid 

surface on flame spread globally [6-9]. In their researches, the empirical relationships between 

flame spread rate and inclination angle were obtained. However, the transient effects of inclination 

on flame spread rate were neglected in these empirical relationships, and the rate was supposed to 

be constant. Although this hypothesis can bring some convenience to theoretical analysis, it results 

in incorrect estimates of the rate of flame spread. For example, the rate might increase with time 

along the upward surface due to the interaction between flame and the inclined surface [10-13]. 

Chen et al. [14] investigated the development of flame spread behaviors with various inclination 

angles, and their results are shown in Table 1. They found that flame spread behaviors showed 

different states with increasing inclinations: these are extinction, steady spread and acceleration. 

When the inclination angle is sufficiently large for upward flame spread, the flame propagation  
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