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Abstract A preprocessing scheme utilizing multi-division of the ROI (region of interest) in a chemiluminescence image during
inversion is proposed. The resulting inverted image shows the flame’s structure, which can be useful for studying combustion
instability. The flame structure is often quantitatively visualized with PLIF (planar laser-induced fluorescence) images as
well. The chemiluminescence image, which is a line-integral of the flame, needs to be preprocessed before inversion, mainly
due to the inherent noise and the assumption of axisymmetry during the inversion. The feasibility of the multi-division
preprocessing technique has been tested with experimentally-obtained OH PLIF and OH chemiluminescence images of jet
and swirl-stabilized flames burning substitute natural gas (SNG). It turns out that the technique outperforms two conventional
methods, specifically, the technique without preprocessing and the one with uni-division, reconstructing the SNG flame
structures much better than its two counterparts when compared using corresponding OH PLIF images. The characteristics
of the optimum degree of polynomials to be applied for curve-fitting of the flame region data for the multi-division method
involving two flames has also been investigated.
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Fig. 1 Schematic of a SNG jet nozzle : (a) its
configuration and dimension and (b) field of
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Import chemiluminescence image in #iff format
(either instantaneous or averaged)

Direction of flow, data for region of interest (ROI)
including the axis of symmetry are provided

Preprocess the projection data in ROI, for example,
averaging, smoothing, etc.

Calculate three-point Abel deconvolution
operator for the ROI chosen

Determine the field distribution of OH"

Postprocess oH" intensity. e.g., line-profiling,
COM/MIP calculation, exporting in tiff format for
further analysis, etc.

Fig. 3 Flowchart of an Abel inversion matlab script.(15
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Fig. 4 Comparison of OH PLIF, inverted without
preprocess, and inverted with uni-division
preprocess images of (a) SS Flame I, (b) SS
Flame II and (c) jet flame.
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Fig. 5 Definition of error for optimizing the degree
of polynomial fitting; (a) interface and (b) its
definition.

Multi-division of OH* image with
edge detection algorithm

v

Optimization of the degrees of polynomials
for burnt zone division

v

Preprocessing : with moving average for unburnt
zone and with polynomial for burnt zone

Fig. 6 Flow chart for multi-division preprocessing

algorithm.
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Table 1 Optimum degrees of polynomials for flame
region, based on Eq. (1) and Eq. (2) for
the three flames

Maximum degree

of polynomials > 8 H 15

Using Eq. (1)

SS Flame I 5 7 11 11
r (mm) SS Flame II 5 7 11 11
(a) SS Flame I Jet flame 5 7 10 10
Using Eq. (2)
SS Flame I 5 8 11 14
SS Flame 11 5 8 11 11
Jet flame 5 8 9 9

(b) SS Flame 1I

z (mm)

(c) Jet flame

L L I L

[ 0.5 1
Fig. 7 OH PLIF and raw OH  chemiluminescence
images.
SS Flame I SS Flame II Jet flame
130 130 12

E
E
Lo

z (mm)
z (mm)

0 0
+14] 0 +14] 0
r (mm) r (mm) r (mm)

Fig. 8 Half raw OH chemiluminescence images to
be inverted, superimposed with lines (in white)
of the maximum signal row.
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Degree of polynomials (opt./max.)
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Fig. 9 Preprocessed images and data profiles along
the maximum signal row with different degree
of polynomials for flame region in SS flames.

Table 2 Comparison of values of Eq. (2) with
different degree of polynomials for flame
region in a.u.

(x10%)
Degr(?e of polyFlomlals 5/5 2/ 111
(optimum/maximum)
SS Flame I 13.1 3.1 1.5
SS Flame II 422 17.4 11.7
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Degree of polynomials (optimum/maximum)
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Fig. 10 Preprocessed images and data profiles along
the maximum signal row with different
degree of polynomials for flame region in

jet flame.
w/0 preprocess w/ uni-div. w/ multi-div.
12
E
E
0
0 6 0
r (mm)} r (mm)
@
z d
I
6 0 6 0 6 0
r (mm) r {mm) r (mm)
(®)
0 s [ 1

Fig. 11 Comparison of (a) preprocessed images and
(b) data profiles along the maximum signal
row without preprocess, with uni-division
preprocess, with multi-division preprocess of
jet flame.
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Fig. 12 Comparison of inverted images with different
degree of polynomials for flame region in
(a) SS Flame I, (b) SS Flames II, and (c)
jet flame.
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Fig. 13 Comparison of MIPs of OH PLIF and inverted
images with different degree of polynomials
for flame region in (a) SS Flame I, (b) SS
Flames II, and (c) jet flame.
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Table 3 Comparison of MIP coordinates of various

images
Jet flame
Image r z L e
(mm) (mm) (mm) (<)
OH PLIF 1.25 0.17 126 824

Optimum 5 1.17 0.00 1.17 90.0

Inverted degree of 8 1.17 0.00 1.17 90.0

polynomials 11 120 002 120 889

w/o
preprocess

OH PLIF w/ uni-div. | w/ multi-div.
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Fig. 15 Comparison of MIPs of OH PLIF and

r(mm) T (mmj) r {mmj)
(a) several inverted images of jet flame.
= Table 4 Comparison of MIP coordinates of various
g images
£ Jet flame
Image r z L
° {mm) ’ ° r {mm) ’ ° 1 (mm) ’ (mm) (mm) (mm) (0)
(b) OH PLIF 1.25 0.17 1.26 82.4
0 s ! wio 120 002 120 889
Fig. 14 Comparison of (a) preprocessed images and preprocess
(b) data profiles along the maximum signal Inverted .d‘f"/ - 1.05 0.02 1.05 88.7
row without smoothing, with uni-division uni-rvision
preprocess, with multi-division preprocess in V‘f/ . 1.20 0.02 1.20 88.9
multi-div.

jet flame.
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