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Laser ignition characteristics in propane/air lean premixed gas flow
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Abstract: Based on a flow-ignition platform, laser ignition experiments were carried out on the
propane/air lean premixed gas for different equivalence ratios and velocities of flow. The study found that
with the increase of the equivalence ratio and velocity of flow, the flame development speed increased and
the flame area increased; the CH* luminous intensity in the flame increased significantly with the increase
of the equivalence ratio, and the stage of flame development could be judged by the CH* distribution and
luminous intensity changes. The probability of successful breakdown and ignition of the mixed-gas
increased with the increase of the equivalence ratio and the velocity of flow, but the change of the
equivalence ratio had a greater impact on the probability than the velocity of flow; the changes of the
content of each component in the mixed gas could be judged by the H/N peak intensity ratio in the
breakdown emission spectrum, and the calibration line could determine the equivalence ratio of the

unknown premixed gas.
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Diagram of laser ignition in flow tube experimental system
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Table 1 Experimental conditions
SN B a) i/ (m/s) ASTRER/m]
0.63, 0.65, 0.68, 0.70 1 20
KIGR R T
0.58, 0.60 1,2 100
CH*/3 i 0.65, 0.70 1 50
e 0.55, 0.60, 0.65, 0.70 1 7~12
0.55,0.70 1,2 7~12
0.55, 0.58, 0.60, 0.63, 0.65, 0.68, 0.70 1 20, 40, 80
R 0.55,0.58, 0.60, 0.63 1 20~120
0.58, 0.60 1,2 20~120
P 0.40, 0.50, 0.60, 0.70 1 50
0.55,0.70 1,2 50
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Fig.2 Flame development pictures for different equivalence ratios
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Fig.3 Flame development pictures for different velocities of flow
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Fig. 6 Probability of breakdown for different equivalence ratios
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Table 2 Fitting parameters and probability of breakdown

for different equivalence ratios

MR ¢ C G, Eyo/m]  Eyg/m]  Eyy/m)
0.55 22868 00741 895 9.85 10.85
060 22756 00752 885 9.75 10.72
0.65 22526 0.0863 855 9.51 10.62
0.70 22398 0.0881  8.40 9.39 10.54
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Table 3 Fitting parameters and probability of breakdown

for different velocities of flow

MEH ¢ FE/ (ms) ¢ C,  Epo/ml] Eyy/m] Eyy/ml

0.55 1 22868 0.0741 895 9.85 10.85
0.70 1 22398 0.0881 840 939 10.54
0.55 2 22632 0.0902 857 9.61 10.80
0.70 2 22137 0.1031 8.02 9.15 1044
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different equivalence ratios
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Table S Fitting parameters and probability of ignition for

different velocities of flow

MEL ¢ C C, Ewml  Ex/ml  Ey/ml MR ¢ FE/(ms)  C C, Eqyml Eym] Ey/m)
0.55 57408 09381 936 3113 10354 0.58 1 44404 07058 343 848 209.6
0.58 44404 07058 343 84.8  209.6 0.60 1 3.9452 05967 241 517 1110
0.60 3.9452 05967  24.1 51.7 111.5 0.58 2 42019 05030 351 668 1273
0.63 32699 05752 6.9 26.3 55.0 0.60 2 3.7247 05861 19.6 415 879
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Fig. 10 Probability of breakdown for different velocities of flow
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H/N R idi/(mss) RIS Rp R
H656/N742 1 203676 11.79981 0.999 13
H656/N744 1 124786 7.90578  0.99626
H656/N746 1 0.79749  6.04509  0.99973
H656/N742 2 229744 1139219 0.99952
H656/N744 2 129392  7.93007  0.996 28
H656/N746 2 0.81317 6.09856  0.99792
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