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ABSTRACT

The characteristics of the spread of a forest fire are generally related to the attributes of combustibles,
geographical features, and meteorological conditions, such as wind conditions. The most common
methodology used to create a prediction model for the spread of forest fires, based on the numerical
analysis of the development stages of a forest fire, is an analysis of heat energy transmission by the
stage of heat transmission. When a forest fire breaks out, the analysis of the transmission velocity of
heat energy is quantifiable by the spread velocity of flame movement through a physical and chemical
analysis at every stage of the fire development from flame production and heat transmission to its ter-
mination. In this study, the formula used for the 1-D surface forest fire behavior prediction model,
derived from a numerical analysis of the surface flame spread rate of solid combustibles, is introduced.
The formula for the 1-D surface forest fire behavior prediction model is the estimated equation of the
flame spread velocity, depending on the condition of wind velocity on the ground. Experimental and
theoretical equations on flame duration, flame height, flame temperature, ignition temperature of sur-
face fuels, etc., has been applied to the device of this formula. As a result of a comparison between
the ROS(rate of spread) from this formula and ROSs from various equations of other models or exper-
imental values, a trend suggesting an increasing curved line of the exponent function under 3 m/s or
less wind velocity condition was identified. As a result of a comparison between experimental values
and numerically analyzed values for fallen pine tree leaves, the flame spread velocity reveals a predic-
tion of an approximately 10% upward tendency under wind velocity conditions of 1 to 2 m/s, and of
an approximately 20% downward tendency under those of 3 m/s.
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Figure 1. Wind added surface flame spread.
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Table 1. Ignition temperature of the main surface litter by
radiation heat (ISO Flammability Tester 610)

Spec. of | Self ignition | Ignition temp. Mc

tree temp. (°C) (°C) (%)

P. densiflora 348 311 7.2

Q. variabilis 307 305 7.3
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Table 2. Parameters for a prediction of 1-D forest surface
fire spread (flame spread) rate

Parameters Value Parameters Value
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Figure 4. Calculation flow chart for 1-D forest surface fire
spread (flame spread) rate numerical analysis.
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ROS :rate of spread(mm/s or km/hr)

M. :fuel moisture content (%)

Q : heat release rate(kW)

H. :the heat of combustion(kl/kg)

m” :the mass loss rate per unit area(kg/m?)

D : flame depth(m)

Ah  :the difference in thermal enthalpy per unit
mass between the fuel at its ignition and the

virgin fuel(J/g)
:no wind flame height(m)

: wind speed(m/s)
: gravitational acceleration(m/s®)

Hy

H : wind added flame height(m)
Ug

g

" : view factor
Q" :heat flux(KW/m?)
4" :radiative heat flux(kW/m®)

: emissivity

. Stefan-Boltzmann constant
: fuel density(kg/m?)

: specific heat(J/kg°C)

: fuel layer tick(m)

T,, :ignition temperature(°C)
T;  :flame temperature(°C)

T :virgin material temperature(°C)

: per unit time
: per unit length
: per unit area
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