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ABSTRACT

Flame structure, which contains a useful information for studying combustion instability of the flame, is often
quantitatively visualized with PLIF (planar laser-induced fluorescence) and/or chemiluminescence images.
The latter, a line-integral of a flame property, needs to be preprocessed before being inverted, mainly due
to its inherent noise and the axisymmetry assumption of the inversion. A preprocessing scheme utilizing multi-
division of ROI (region of interest) of the chemiluminescence image is proposed. Its feasibility has been
tested with OH PLIF and OH* chemiluminescence images of SNG (synthetic natural gas) swirl-stabilized
flames taken from a model gas turbine combustor. It turns out that the multi-division technique outperforms
two conventional ones: those are, one without preprocessing and the other with uni-division preprocessing, re-
constructing the SNG flame structure much better than its two counterparts, when compared with the corres-
ponding OH PLIF images. It is also found that the Canny edge detection algorithm used for detecting edges
in the multi-division method works better than the Sobel algorithm does.
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Fig. 1. Schematic of a test rig at which experimental images
was acquired[11].
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Fig. 2. Flowchart of an Abel inversion matlab script[12].
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Fig. 3. Comparison of OH PLIF, inverted without prepro-
cessing, and inverted with uni-division preprocess-
ing images of (a) Flame | and (b) Flame II.
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Fig. 4. Preprocessed (a) image & (b) data profile along
the maximum signal row by various schemes.
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Fig. 5. Various edge detection results; (a) on a sample OH* image (white: the 1st edge; gray: the 2nd edge) and (b)

along the maximum signal row.
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Table 1. Specification of SNG tested

Chemical SNG
composition | Gas A | Gas B | Gas C |Gas D | Gas E
CH, [mol %] | 87.5 | 750 | 625 | 50.0 | 37.5
CO [mol %] | 0.0 | 125 | 250 | 37.5 | 50.0
H, [mol %] 125 | 125 | 125 | 125 | 125
Total [mol %]| 100.0 | 100.0 | 100.0 | 100.0 | 100.0
HHV [kl/kg] | 57,249 | 46,995 | 38,516 | 31,388 | 25,312
LHV [kl/kg] |51,449 | 42,445 | 34,999 | 28,740 | 23,404

Note :

Heat input of 40 kW and 50 kW
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Fig. 8. OH PLIF and OH* chemiluminescence images of SNG SS flames being studied.



SNG A13] H7g 8} 3} 7= 7HA 8 917 OH* Abk=g o w] %] S ghofl A X 2] A}

29

w/o w/ w/ multi-division OH w/o w/ uni- w/ multi-division
preprocess | uni-division | w/ Canny w/ Sobel PLIF  |preprocess| division |w/ Canny | w/ Sobel
130 130

E £
£ £
N N )
N | h-X | \
0 53 5 0 58 0 58 0 | s8 0 58 0
r (mm) r (mm) r (mm) r (mm) r (mm) r (mm) r (mm) r (mm) r (mm)
(a) (a)
130 130
E E|
£ I £ |
N ‘ N B (i
N\ 3 ' ; ' N\
0 L 0 \ | |
58 8 8 8 > 0 0] s8 58
r (mm) r (mm) r (mm) r (mm) r (mm) r (mm) r (mm) r (mm)
(b) (b)
I I I T L S — T T - —
0 05 1 0 05 1

Fig. 9. Comparison of preprocessed images without pre-
process, with uni-division preprocess, with multi-
division & Canny edge detection, and with multi-
division & Sobel edge detection of (a) SS flame of
40 kW and (b) SS flame of 50 kW.
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Fig. 10. Comparison of preprocessed data profile along
the maximum signal row without preprocess, with
uni-division preprocess, with multi-division & Canny
edge detection, and with multi-division & Sobel
edge detection of (a) SS flame of 40 kW and (b)
SS flame of 50 kW.
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cess, with uni-division preprocess, with multi-di-
vision & Canny edge detection, and with multi-
division & Sobel edge detection of (a) SS flame of
40 kW and (b) SS flame of 50 kW.
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Table 2. Comparison of MIP coordinates of various images
SS flame 40 kW | SS flame 50 kW
L@mm)| 6 () |[L (mm)| 6 (°)
OH PLIF 33.9 453 32.7 45.0
w/0 preprocess 344 383 15.2 53.5
w/ uni-division 31.3 39.6 14.6 49.9
w/ Canny 30.1 40.9 13.1 64.2
w/ Sobel 572 2.7 13.7 61.8
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