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Flame Diagnosis Using Neuro-Fuzzy Learning Algorithm
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Abstract

Recent trend changes a criterion for evaluation of burners that environmental problems are raised as
a global issue. Burners with higher thermal efficiency and lower oxygen in the exhaust gas, evaluated
better. To comply with environmental regulations, burners must satisfy the NO, and CO regulation.
Consequently, 'good burner' means one whose thermal efficiency is high under the constraint of NO,
and CO consistency. To make existing burner satisfy recent criterion, it is highly recommended to
develop a feedback control scheme whose output is the consistency of NO, and CO. This paper
describes the development of a real time flame diagnosis technique that evaluate and diagnose the
combustion states, such as consistency of components in exhaust gas, stability of flame in the
quantitative sense. In this paper, it was proposed on the flame diagnosis technique of burner using
Neuro-Fuzzy algorithm. This study focuses on the relation of the color of the flame and the state of
combustion. Neuro-Fuzzy learning algorithm is used in obtaining the fuzzy membership function and
rules. Using the constructed inference algorithm, the amount of NO, and CO of the combustion gas
was successfully inferred.
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Table 1 Wavelength of luminecense

Luminecense Chem.ical Wavelength
Source Species
OH 306.36nm, 306.7nm, 308.9nm,
312.2nm, 314.4nm
CH 431.5nm, 438.4nm, 387-396nm,
radical 314nm
2 563.6nm, 516.5nm, 460-498nm,
285.5-298.7nm
NO2 {600-875nm
soot CO_ 430nm
H20  |800-1250nm

(thermal radiation)®] Al 7} 2 EF& + ok
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Table 2 measurable wave length with CCD Camera

Luminecense | Chemical |Hue level in accordance with
Source Species wavelength
OH not measurable
CH 229, 223
radical
C2 116, 157, 205-172
NO2  |0-85
CO 230
soot
H20 not measurable
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Table 3 Fuzzy rule base CO
No. Warm | Average | Volume Pgrameter; of Consequence
Area | Green Blue G C C Cj

1 L L L 0.1464 -1280.1 |-3307.2 |1449.8
2 L L M |0.2028 |5198.4 |-2983.7 |534.25
3 L L S -0.778 |1413.2 |-1104.9 [1820.1
4 L M L [0.0364 (-211.71 (210.70 {-277.32
5 L M M 1.7679 |-985.83 |-554.67 [|-1912.2
6 L M S 1-6.949 1482.88 [4101.6 |7587.8
7 L S L 0.0035 [372.57 [431.89 |-111.63
8 L S M [-0.287 [-7070.5 |-843.28 [1362.9
9 L S S {0.8701 |-2564.5 |1606.7 |(-1076.7
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16 M S L 0.2547 1876.18 |-1372.2 {178.68
7] M S M |-0.264 12328.4 [643.94 |733.66
18 M S S 1.0215 |-117.51 |-1497.9 |-3583.2
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27 S S S 0.0575 |-16.467 |153.99 1175.77
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Fig. 9 Inference results and error of NOx
(3 Membership functions)
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Fig. 10 Inference results and error of NOx
(5 Membership functions)
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Fig. 11 Inference results and error of CO
(3 Membership functions)
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Fig. 12 Inference results and error of CO
(5 Membership functicns)
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