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Study on Flame Height Equation for the Pinus densiflora
Surface Fuel Bed
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ABSTRACT

Flame height calculation in a forest fire is a crucial part of predicting horizontal or vertical flame
spread flared by radiation heat transfer. Flame height, which is one of the flame characteristics, can
be estimated by the average height of luminous flame. This research relied on flame height observa-
tion test on P. densiflora surface fuel bed, which are surface combustibles in a forest, and calorimeter
to measure Heat Release Rate, thus produced Hy=0.027(Q")?3, flame height calculation equation for
surface fuel. The research did not take into consideration such conditions as external velocity, slope
and other variables that could affect flame height. According to comparison among experiment results,
calculation results of the above formula and those of existing Heskestad formula (1998), it was found
that standard error in fallen pine needles between experimental results and calculation results of the
above formula amounts to 0.08, whereas standard error in same plant between experimental results
and calculation results of existing Heskestad formula' amounts to 0.23.
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Figure 1. Average height of the flame and a change in
flame intermittency /.
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Table 1. Flame Height of P. densiflora in Each Fuel Density
by Visual Measurement

Fuel density
(kg/m*) | 9.6 | 159 | 22.2 | 31.8
Diameter (m)

0.2 0.63 | 0.70 | 0.71 | 0.74
0.3 0.70 | 0.81 | 0.88 | 0.91
0.4 0.74 | 0.88 | 1.08 | 1.05
0.5 0.70 | 098 | 1.18 | 1.05
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Table 2. MLR & HRR of P densiflora in Each Fuel
Density

Fuel Density (kg/m’) | 9.6 | 159 | 222 | 31.8
MLR (kg/s) 0.024 | 0.040 | 0.056 | 0.080
HRR (kW) 249.1 | 4127 | 5762 | 8253

Remark: Fuel Moisture Content (%) is 15+2
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Figure 2. Dimensionless temperature vs. height for the infinite line, X,=30%.
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Table 3. Flame Height of P. densiflora in Each Fuel Density by Heskestad Eq. (3)

Factors Density Specific Heat Initial Temperature Gravitational Acceleration Combustion
(P, k&) | (cp KI/kg * K) (To, K) (g, m/sec?) Diameter (D, m)
Value 1.2045" 1.01 293 9.81 0.3
Remark: 1) Standard Air Density
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Table 4. Flame Height (m) in Each Fuel Density and Combustion Diameter
Fuel Density (kg/m®)
Flame
Height Model 9.6 15.9 222 31.8
Combustion
Diameter (m)
Visual Observation 0.63 0.70 0.71 0.74
0.2 Heskestad Equation (3) 1.93 241 2.78 3.25
New Equation (8) 0.37 0.51 0.64 0.81
Visual Observation 0.70 0.81 0.88 0.91
0.3 Heskestad Equation (3) 1.83 2.31 2.68 3.14
New Equation (8) 0.48 0.67 0.84 1.07
Visual Observation 0.74 0.88 1.08 1.05
0.4 Heskestad Equation (3) 1.73 2.21 2.58 3.04
New Equation (8) 0.58 0.81 1.02 1.29
Visual Observation 0.70 0.98 1.18 1.05
0.5 Heskestad Equation (3) 1.63 2.10 2.48 2.94
New Equation (8) 0.67 0.94 1.18 1.50
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Figure 3. Compare of P densiflora flame height on Table 5.
Table 5. Flame Height (m) in Each Fuel Density and Combustion Diameter
Statistics Analysis | The Mean The Standard The Standard . .
. . . Dispersion
Combustion Diameter (m) Error Error Deviation
0.2 0.1107 0.0747 0.1493 0.0223
0.3 0.0595 0.0806 0.1612 0.0260
Visual Observation
& New Equation (8) 0.4 0.0102 0.0860 0.1721 0.0296
0.5 0.0940 0.1180 0.2350 0.0550
The Mean 0.06 0.08 0.16 0.03
0.2 1.900 0.237 0.515 0.266
0.3 1.668 0.176 0.467 0.218
Visual Observation
& Heskestad Equation (3) 0.4 1.454 0.273 0.416 0.173
0.5 1.308 0.267 0.415 0.173
The Mean 1.58 0.24 0.45 0.21
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