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Table 1- Technical specifications of the optical filters

. CwL? FWHM! Blocking Band .
Filter Transmission
(nm) (nm) (nm)
420 nm 420+2 10+2 200-3000 Figure 1
430 nm 430+2 10+2 200-3000 Figure 1
440 nm 44042 1042 200-3000 Figure 1
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Figure 1- Optical Transmissivity of the three filters and black body radiation spectrum at two different temperatures.
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Figure 2- Spectral sensitivity of the blue, red and green channels of the Nikon D7100 camera [15]
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Figure 3- Schematic of the co-flow diffusion flame [16]
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Table 2- Specifications and conditions of the flames in the experiment

Flow Air Flow rate | Fuel Flow rate
Flame Fuel Regime (Nm3/hr) (Nlit/hr)
1 Natural Gas Laminar 0.7 4.5
2 Natural gas Laminar 0.5 3.2
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Table 3- Reactions affecting CH* s|

pecies production and the coefficients associated with each of the reactions

Reaction A N
C,H+ 0, = CO, + CH* 6.02x 107* 4.4 -2285 [val
C,H+0=CO+CH" 6.02 x 1012 0.0 457 [val
CH*+ N, = CH+N, 3.03x 107* 3.4 -381 [v-]
CH +0,=CH+0, 2.48 x 10° 2.1 -1720 [v-]
CH* 4+ H,0 = CH + H,0 5.30 x 103 0.0 0 [v-]
CH"+H, = CH+H, 1.47 x 10 0.0 1361 [v-]
CH* 4+ CO, = CH + CO, 2.40x 107t 4.3 -1694 [v-]
CH*+CO=CH+CO 2.44 x 102 0.5 0 [v-]
CH* 4+ CH, = CH+CH, 1.73 x 1013 0.0 167 [v-]

CH* Mole Fraction
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Figure 5- Effect of the chemical kinetics mechanism on CH* mole fraction in a counter-flow diffusion flame
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In this work, a non-intrusive method is developed to measure the CH* chemiluminescence in a
laminar non-premixed flame. In this method, a digital camera and optical band-pass filters are
used. CH* chemiluminescence happens in a sharp band around 430 nm, but in the case of a soot
formation in the flame, the resulting thermal radiation partly happens in the CH*
chemiluminescence band. In this work, two other band-pass filters with central frequencies of 420
and 440 nm are used to estimate the thermal radiation of soot particles near 430 nm. Using this
approximation, the effect of the thermal radiation of soot particles on CH* chemiluminescence is
removed. Comparing the experimental results in this work with the numerical simulations show
that the proposed method can effectively remove the soot thermal radiation when the soot
concentration is low. However, as the soot concentration increases, resulting in enhanced thermal
radiation, the accuracy of the method decreases.

Keywords: CH* chemiluminescence, diffusion flame, soot
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