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Oil Fire Radiation Calculation Based on a Statistical Narrow-Band Model
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Abstract: In recent years, oil fire pollution accidents have occurred frequently and caused significant harm.
It has become important to study oil fire accidents by extracting fire information through the analysis of
spectral characteristics. Many domestic and foreign scholars have established a variety of gas radiation and
carbon black radiation models to study fuel combustion; however, few scholars have directly modeled flame
spectra to analyze and extract spectral characteristic information on combustion pollution products. In this
study, a test platform for the flame spectra of oil was constructed, and the flame spectra of alcohol, 92 gasoline,
95 gasoline, and 0 diesel were measured at a single scale, as was the flame spectra of 0 diesel at multiple
scales. The experimental results demonstrate that the flame spectra of the three oils are similar and the radiance
increases nonlinearly with an increase in scale. Based on the statistical narrow-band method, a spectral
radiation model for the oil flame was established, and a curve fitting degree of 0.895 was obtained based on
experimental data. The spectral radiation model can be used to calculate the average radiance and
transmittance of oil flames on a large scale, as well as the average transmittance at different flue gas
concentrations, which can be helpful for remote fire pollution detection and pollutant concentration inversion.
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Table 1 Volume fraction and temperature of gasoline 92, gasoline

95, diesel 0, alcohol in 60 s combustion

Type 92#gasoline 95#gasoline O#diesel Alcohol

CO 0.0067% 0.0066% 0.0074% 0.0047%
CO2 0.0821% 0.0892% 0.0854% 0.0823%
T/K 1155 1165 1202 977
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Spectral radiance/(W-cm 2-pm 'sr ') 2.5um 2.7um 43um 55um 63um
LBL 0.1236  0.2358 0.2936 0.0261 0.0142
SNB 0.1194 0.2245 0.2956 0.0381 0.0206
Experiment 0.1466 0.1976 0.3001 0.0299 0.0178
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Table 3 Analysis of SNB and LBL fitting evaluation indexes

Evaluation RMSE MAE R?
LBL-experiment  0.0113 0.00769 0.9486
SNB-experiment  0.0162 0.0109 0.8950
SNB-LBL 0.0215 0.0129 0.7760
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