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[Abstract]  As global emission regulations and energy-saving policies become increasingly stringent, gaso-
line engines are facing significant challenges. The urgent technical challenge is to achieve high efficiency and ultra-
low emission of gasoline engines. The pre-chamber turbulent jet ignition is one of the most promising technologies
for improving the thermal efficiency of gasoline engines and reducing pollutant emission. In this paper, the influence
of lean combustion limit expansion and ignition timing on the optimization of thermal efficiency is investigated sys-
tematically through three-dimensional flow simulation analysis coupled with a detailed chemical reaction mecha-
nism. The results show that the passive pre-chamber can effectively expand the lean combustion limit, improve the
thermal efficiency and reduce the pollutant emission of the engine in comparison with the spark ignition. At an ex-
cess air factor of 1.5, the maximum indicated thermal efficiency is 47.24% , which is 11.89% higher than that of the
original engine, with the NO, and Soot reduced by 29.27% and 98.76%, respectively.
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