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Abstract: The effect of air/fuel ratio on ion current signal
was studied with methane as the fuel in a high-pressure
constant combustion vessel. The results show that the peak
value of ion current signal is the highest and the peak timing
is also the most advanced when the excess air ratio is 0. 90.
The ion formation process, concentration, and distribution
were numerically simulated with the established methane
ionization mechanism model. The simulation results show that
chemical ionization occurs in the flame front and the main ion
product is H:O" while thermal ionization occurs in the high
temperature post-flame area. The main ion product is NOT.
Chemical reaction path analysis results indicate that when the
excess air ratio is 0. 90, and the neat production rate and
concentration of H;O' and NO' are the highest, which results
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in the highest value of chemical ionization peak and thermal

ionization peak.

Key words: air/fuel ratio; ion current signal; reaction

mechanism; numerical simulation
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Fig. 1 Constant combustion vessel test bench
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Tab. 1 Chemical ionization reactions

N A/(cm? - E/(J -
= pUN 1
s HE iR (mol * s)™1) mol™1)
CH+0O=CHO" +e¢ 2,512 X101 0 7118
CHO"+H,O=H;0"+CO 1,510X10% 0 0

7.949X102 1.37 0
2.291X10®  —0.50 0
7.400X10%  —0. 60 0

H30++e:H20+H

1

2

3 H;Ot +e=0OH+H+H
4

5 CHO" +e=

CO+H
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Tab. 2 Methane and air partial pressure at different
excess air coefficient
HEER B E/ R/ WEET/
S8 kPa kPa kPa
0. 80 34, 89 265. 11 300
0.90 31.42 268. 58 300
1. 00 28,58 271.42 300
1. 05 27. 34 272. 66 300
1.10 26. 21 273.79 300
1.15 25.16 274. 84 300
1. 20 24, 20 275. 80 300
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Fig. 3 Ion current signal and combustion pressure with

corresponding flame development images
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Fig. 4 Ion current signal and combustion pressure

at different air/fuel ratios
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