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New Method for Predicting Abnormal Combustion in Gas Engines Using Artificial Intelligence
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Unconventional gases, as typified by shale gas, contain a greater variety of compositions than conventional natural gas. This
means that the use of unconventional gases is more likely to induce knock in premixed combustion gas engines. In this study, in
order to predict the knock timing of shale gas, a prediction model of auto-ignition delay of shale gas was developed by using
artificial intelligence ( Al ) technology. Both experimental results and chemical kinetic analysis data were used as learning data.
To compensate for the differences between these data sets, a correction method was developed and applied to the chemical
kinetic analysis results. This new prediction method realizes accurate knock timing prediction.
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Table 1 Typical composition of conventional gas

B No. A (9_‘/)% i A7 CH, C,H; C,H; nCH,, | nCsHj, co, N,
1 56.0 vol% 81.0 6.5 5.9 33 1.4 1.7 0.2
2 59.0 vol% 78.1 8.1 47 2.7 1.8 4.4 0.2
3 65.0 vol% 75.1 23.1 1.7 0.1 0.0 0.0 0.0
4 66.0 vol% 87.7 6.9 3.1 1.8 0.1 0.0 0.4
5 67.0 vol % 88.8 5.6 3.7 1.8 0.0 0.0 0.1
6 69.0 vol % 87.5 8.1 3.4 1.0 0.0 0.0 0.0
7 71.0 vol % 91.6 4.1 2.7 1.4 0.1 0.0 0.1
8 90.0 vol% 97.0 1.4 0.5 0.2 0.0 0.2 0.9
9 91.0 vol % 94.9 2.5 0.2 0.1 0.0 0.7 1.6
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CH, vol % 63.8 ~96.8
C,H, vol% 0.0 ~ 30.0
C,Hg vol% 0.0 ~25.0

nC,H,, vol% 0.0~3.2
nCsH,, vol % 0.0~32
H, vol% 0.0 ~ 10.0
CO, vol % 0.0 ~ 15.1
N, vol% 0.0 ~ 8.0
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Table 3 Gas component of sensitivity analysis ( L18 orthogonal array )
HER No. | H L CH, C,H, CHy | nCH, | nCH, H, co, N,
1 vol % 46.0 7.1 7.4 0.4 0.6 18.9 5.4 14.0
2 vol % 45.2 5.7 18.5 1.8 1.0 13.5 7.0 72
3 vol% 44.6 0.1 264 2.8 1.5 11.9 8.1 4.6
4 vol% 442 15.2 42 0.9 0.8 144 11.0 9.3
5 vol% 44.5 16.6 19.9 2.0 1.7 13.9 0.1 1.4
6 vol% 45.7 10.1 31.2 1.6 0.5 0.9 4.8 52
7 vol % 44.4 254 4.3 1.9 0.2 16.8 2.7 4.4
8 vol % 452 22.1 12.0 22 1.1 2.6 14.1 0.8
9 vol% 443 235 24.6 0.6 1.6 2.7 1.8 0.9
10 vol% 74.4 0.5 3.4 2.9 2.0 10.3 5.1 1.5
11 vol % 752 0.2 9.1 0.7 0.3 10.1 2.8 1.6
12 vol % 74.6 0.3 15.2 1.5 0.8 0.5 22 5.0
13 vol % 74.2 9.0 0.4 2.0 1.8 1.8 7.8 29
14 vol% 74.7 8.5 7.1 2.1 0.3 2.9 0.3 4.1
15 vol % 75.1 8.3 11.6 0.2 1.2 2.4 1.2 0.1
16 vol % 74.2 8.4 0.7 2.6 0.9 10.2 0.4 2.7
17 vol% 75.4 8.4 6.4 0.8 1.9 0.2 3.0 4.0
18 vol% 75.6 7.7 10.2 1.7 0.7 1.5 2.6 0.1
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Fig. 11 Comparison of reference and predicted value of auto-ignition delay
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