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Table 1 Calibration (T'=1 248 K)
K /nm AR X 5
800 1 203.55
825 995. 76
850 854.13
875 718. 38
900 566. 63
925 491. 56
950 244.91
975 134. 67
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Table 2 Radiation intensity of each channel
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12:14 12.24 12.27 12.:31 12.:36 12.38 12.:50 12.52
800 900. 26 1010.79 1 196. 85 1 386. 54 1483.92 1702. 40 1822.67 1 959. 55
825 775.42 877.06 1079.51 1181.75 1278.79 1 461. 30 1 557.38 1703. 96
850 713. 41 812.92 993. 64 1 069. 94 1202.19 1319.76 1 451.02 1521.73
875 658. 79 762. 64 840. 20 1012.68 1 039. 34 1195.21 1 286.08 1 398. 89
900 508. 82 652. 75 725.98 783. 34 780. 26 848. 36 906. 94 985. 67
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Table 3 Measurement results
i i) /K Z 6k /K i JE R 2 /K
12:14 1063 1 088.5 25.5
12.24 1083 1118.7 35.7
12.27 1141 1168.6 27.6
12.:31 1172 1197.5 25.5
12.36 1185 1198.8 13.8
12.38 1235 1253.4 18.4
12.50 1 385 1396.9 11.9
12:52 1435 1461.4 26.4
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Multi Spectral Radiation External Penalty Function Inversion Algorithm
for Flame Temperature Measurement of Biomass Boiler
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Abstract In recent years, in order to reduce the dependence on fossil fuels and the strong demand for energy conservation and
environmental protection, biomass boilers with rice husk, straw and other renewable resources as fuel have attracted more and
more attention in the industry. In order to further improve the combustion efficiency of the biomass boiler and optimize the
furnace structure, it is necessary to monitor the flame temperature real-time. The traditional thermocouple temperature
measurement method is not conducive to longfterm high temperature measurement, and the CCD temperature measurement
method is difficult to measure the real temperature, while the multispectral radiation temperature measurement method has the
advantages of fast response, no upper limit of measurement and can obtain the real temperature, which is one of the most
powerful tools for measuring the flame temperature of a biomass boiler. Multispectral radiation thermometry is to obtain the real
temperature by measuring the spectral radiation intensity information of a certain point of the object to be measured and inversing
it with Planck formula. However, the unknown spectral emissivity is the biggest obstacle in the inversion process of multi-spec-
tral radiation thermometry. At present, a group of emissivity models (emissivity wavelength or emissivity temperature models)
are usually assumed in advance. If the assumed models are consistent with the actual situation, the inversion results can meet the
requirements. If the assumed models are inconsistent with the actual situation, the inversion results have a large error. Whether
the direct inversion of true and moderate spectral emissivity can be realized without any spectral emissivity hypothesis model is
always a hot and difficult topic in the theoretical research of multispectral radiation thermometry. For this reason, a constrained
optimization algorithm of penalty function is proposed. which transforms the inversion problem of multi spectral radiation tem-
perature measurement into a constrained optimization problem. Because the outer point method is adopted, it is not affected by
the initial value of emissivity, which further improves the adaptability of the algorithm to the emissivity of different materials.
Based on the flame-s model optical fiber spectrometer produced by American ocean optics, a flame temperature measuring device
of rice husk biomass boiler furnace was built. After the calibration of blackbody furnace in the laboratory, the temperature of the
furnace flame of rice husk biomass boiler from initial combustion to stable combustion was measured, and the results were com-
pared with those of thermocouple. The results show that the maximum absolute error is 35. 7 K, and the maximum relative error
is 3. 2% compared with the thermocouple. The results show that the measurement device and the inversion algorithm can realize
the measurement of the combustion temperature in the furnace of the biomass boiler, which provides the preliminary research

basis for the subsequent combustion diagnosis and boiler design optimization of the biomass boiler.
Keywords Multi-wavelength radiation thermometry; Biomass boiler flame; Emissivity; External penalty function
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