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Abstract

Combustion process of supercharged inter-cooled natural gas engine was studied using nonlinear
dynamic data analysis technology under the conditions of equivalence ratio (¢ ) from 1. 00 to lean burn
limit. Results showed that motion trajectories of combustion system in 2-D reconstructed state space fell
into a finite range at different conditions, there were complex, twist and wrap geometric structures in
reconstructed state space. Correlation dimension (D) of attractors could reach saturation value after
embedding dimension m was greater than a certain value when engine worked at both conditions of
equivalence ratio mixture and lean burn limit, at the same time the values were fractional, with the
decrease of mixture concentration, cycle-to-cycle combustion variations increased, D increased, the D of
attractors were 1.27,1.33,1.58 and 1. 87, Largest Lyapunov Exponent (LLE) were 0.008 6, 0.011,
0. 013 and 0. 015 7 respectively at the conditions of equivalence ratio ¢ =1.00,0.77,0.70 and 0. 63,
therefore the combustion system of natural gas engine was a low-dimension chaos system.
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Fig. 1  Schematic of experimental setup
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Fig.2  Autocorrelation function vs delay coordinates
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Fig.5 Plots of 2-D reconstructed state space
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