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Abstract: To address the lack of fundamental combustion data for hydrogen-enriched compressed natural
gas (HCNG) in engine one-dimensional performance simulation software GT-Power, and to
accurately simulate the effects of HCNG’ s unique physicochemical properties on engine
performance, a novel machine learning-driven predictive combustion model is developed. Firstly,
a computational model for the laminar burning velocity and ignition delay time of HCNG is
developed based on a machine learning approach utilizing an artificial neural network (ANN).
Subsequently, the model undergoes error analysis and validation, and is implemented as
subroutines coupled with GT-Power software. Finally, the newly developed model is calibrated

and validated against experimental data. Using this model, the influence of hydrogen volume
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fraction ¢(H,) (hydrogen blending ratio) on engine performance is investigated under external

characteristic conditions. The results indicate that: The correlation coefficients between the
laminar burning velocity and ignition delay time predicted by the trained ANN combustion model
and the original values both exceed 0. 99; the error in engine performance parameters calculated
using the calibrated model is less than 3%, with errors in combustion phasing and knock-limited
spark advance angle being less than 2°; limited by knock and pre-turbine exhaust temperature,
the maximum allowable ¢(H,) is 20%; As ¢ (H,) increases, the optimal spark timing is
gradually delayed, and the effective thermal efficiency decreases; hydrogen enrichment accelerates
combustion but increases knock tendency, while Exhaust Gas Recirculation (EGR) slows
combustion but effectively suppresses knock and advanced combustion phasing, with the synergistic
control of both hydrogen blending and EGR improving the engine’s effective thermal efficiency.

Keywords: predictive combustion model; hydrogen-enriched compressed natural gas; artificial

neural network; laminar burning velocity; ignition delay time
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Fig. 1 Schematic diagram of ANN combustion model
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Fig. 2 Error contour maps of laminar burning velocity
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Fig. 9 Comparison of simulation and experimental results of

in-cylinder combustion under 50% load
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