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Development and validation of a machine learning-driven predictive combustion model for a

hydrogen-enriched compressed natural gas engine
LI Hongzhi', HU Zhenyu'?, TAO Weijun', HUANG Yongcheng'

(1. School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China;2. BYD Auto Industry Company
Limited, China)

Abstract: To address the lack of fundamental combustion data for Hydrogen-enriched Compressed Natural Gas (HCNG) in one-
dimensional performance simulation software, and to accurately simulate the effects of HCNG's special physical and chemical prop-
erties on engine performance, a novel machine learning-driven predictive combustion model was developed in this paper. Firstly, a
machine learning approach based on artificial neural networks (ANN) was employed to develop computational models for the lami-
nar burning velocity and ignition delay time of HCNG. Then, the newly developed combustion model was calibrated and validated
against experimental data. Finally, the validated model was applied to investigate the effects of hydrogen blending ratio on engine
performance under full-load conditions. The results show that the developed laminar burning velocity and ignition delay time models
achieved correlation coefficients exceeding 0.99 after training and validation. Errors in predicted engine performance parameters us-
ing the calibrated combustion model were less than 3%, while errors in predicted combustion phasing angle and knock-limited spark
advance angle were within 2 °CA. The maximum allowable hydrogen blending ratio is limited to 20% due to knock and pre-turbine
exhaust temperature constraints. As the hydrogen blending ratio increases, the optimal spark timing gradually retards, leading to a de-
crease in effective thermal efficiency. Additionally, hydrogen blending accelerates combustion but increases knock propensity, while
exhaust gas recirculation (EGR) slows combustion but effectively suppresses knock and advances combustion phasing. Synergistic
control of hydrogen blending and EGR can enhance the engine's effective thermal efficiency.

Key words: predictive combustion model;hydrogen-enriched compressed natural gas;artificial neural network;laminar burning ve-
locity;ignition delay time
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50% load
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der pressure and KLSA under different working conditions
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