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WX B OH Numerical study on smoldering and flaming spread along combustible solids

In considering fire safety, it is important to discuss characteristics of flame spread along
combustible solids. Especially in an early stage of fire, smoldering spread without flame or flaming
spread with the formation of micro-flames often occurs. Although theoretical studies on smoldering
and flaming spread phenomena have been conducted, there are few studies that focused on
near-limit characteristics. In this study, numerical approach is adopted to investigate the smoldering
and flaming spread phenomena in near-limit conditions. This thesis consists of six chapters, and the
summary of each chapter is as follows.

In Chapter 1, the nature of smoldering and flaming spread is summarized. Research trends are
examined with a focus on near-limit characteristics, and the purpose of this study is defined.

In Chapter 2, near-limit characteristics of smoldering spread is discussed. Smoldering spread often
occurs in an early stage of house fire, and there is a risk of delayed fire detection because of its
flameless nature, leading to serious fire damage. A numerical model of smoldering spread along
combustible solids is developed, and its solutions are presented to discuss near-extinction
characteristics of smoldering spread. The critical condition of extinction is clearly defined as a turning
point of solution.

In Chapter 3, near-limit flaming spread along combustible solids is discussed. Smoldering spread
may experience a transition to flaming spread when burning situation such as the rate of oxygen
supply is improved. Then, flaming spread with the formation of a small flame often occurs. A
numerical model that considers flaming spread in a narrow channel is developed, and its solutions
are presented to discuss characteristics of small-flame spread. Predicted spread rates agree
reasonably well with previous experimental data. Model reduction to a 1-D system is also attempted.

In Chapter 4, the critical condition for transition from smoldering to flaming combustion is
discussed. The critical condition depends on heat transfer from the smoldering surface to a
combustible mixture formed in its vicinity and the near-surface convection. A simple
one-dimensional model considering these factors is constructed, and basic insights into the transition
to flaming combustion are obtained.

In Chapter 5, methods to compute a model parameter that corresponds to the pre-exponential
factor of reaction rate constant are discussed. The parameter value must be chosen such that it yields
the correct spread rate. A dimensionless numerical model that can easily find the correct value is
constructed. The parameter values are determined under various conditions, and an empirical
formula is proposed for simple estimation,

Finally, Chapter 6 summarizes finding s of this study.
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