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Adaptive Segmentation and Zoned Flicker Characterization of
Premixed Flame Images

Wang Chao, Gao Longyu, Cao Xiaoning, Xiao Mingdong, Jin Shuo

(School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract: The study of the flickering behavior in premixed flame zones is crucial for understanding the combustion
mechanism and the differences in the chemical reactions among the distinct flame zones. To overcome the limitations
of traditional edge detection and zone division methods, an adaptive segmentation method for premixed flame images
is proposed. The proposed approach uses the edge characteristics of the reaction zone by adaptively selecting morpho-
logical structuring elements in different directions to precisely extract the reaction zone edges. Based on the gap fea-
tures between the upper and lower edges of the reaction zone, a column-by-column search is performed to deter-mine
the upper edges of the reactant and preheat zones. After closing the edges of the reactant and preheat zones, the edges
are fully extracted. The seed point filling algorithm converts these extracted edges into corresponding zonal re-gions.
The Otsu method is used to segment the overall flame region in the image. Logical operations are then used to deter-
mine the product zone, thereby completing the precise division of the three zones in the premixed flame. The flicker-
ing characteristics of different zones of a Bunsen premixed flame are studied under various flow and equivalence ra-
tios. The results show distinct fluctuation patterns in each zone owing to the varying physical and chemical properties.

Low-frequency components mainly originate from the flickering and fluctuations in the reaction, reactant, and pre-
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heat zones, which exhibit multiple frequencies. In contrast, the product zone exhibits a single dominant frequency,

serving as the primary source of flickering. Results further indicate that the flickering frequency of the product zone is

proportional to the total flow. When the total flow of fuel and air is constant, the flickering frequency increases with

the equivalence ratio under lean combustion conditions. In rich combustion states, the flickering frequency reaches its

maximum at an equivalence ratio of 1.0.

Keywords : premixed flame; flickering frequency; image method; edge detection; morphology; threshold
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Tab.3 18 combustion conditions
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2 0.9 0.38 3.98
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