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Numerical Study on the Knock Suppression Effects of Applying
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Abstract: In this article, the multi-dimensional numerical model of a direct injected spark
ignition (DISI) engine is established using the software of CONVERGE. Then the knock
suppression effects and their mechanism of Miller cycle and split injection are analyzed by
investigating the in-cylinder turbulence, temperature, fuel distribution and combustion rate on the
basis of the numerical model. The results reveal that on the one hand, Miller cycle can reduce the
overall turbulence intensity, thereby decelerating the combustion rate and retarding the
combustion phasing, which contributes to the improved knock resistance. On the other hand, the
tumble in the cylinder is enhanced, which improves the fuel distribution with increased fuel
concentration near the spark plug and reduced fuel concentration in the near-wall region.
Therefore, the combustion efficiency is improved due to the enhanced main flame propagation,
and the knock propensity is reduced thanks to the inhibited end-gas auto-ignition. In addition,
Miller cycle reduces the effective compression ratio of the engine, thereby lowering down the
in-cylinder temperature in the end of the compression stroke, which also explains the effect of
knock suppression. The strategy of split injection increases the turbulence kinetic energy during
combustion and enhances the flame propagation, thereby possessing the potential of promoting
engine torque. In addition, part of the fuel is injected in the retarded secondary injection. The
evaporation of the retarded injected fuel can effectively reduce the in-cylinder temperature at the
beginning the combustion, which contributes to the improved knock resistance. Moreover, the fuel
stratification with rich mixture near the spark plug and lean mixture in the near-wall region
induced by split injection is also conductive to enhancing combustion and suppressing knock.
Keywords:DISI engine; Miller cycle; split injection; knock; CONVERGE
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