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Abstract: Lean burn and stoichiometric are two main combustion modes in spark ignition heavy-duty natural gas engines. And due to its
efficient and clean combustion, the lean-burn technology has been playing a dominant role for a long time. As EU-V legislation is im-
plemented gradually, however, a lean-burn engine cannot satisfy the nitrogen oxides (NO,) emission requirements unless it is equipped
with a selective catalytic reduction (SCR) unit. On the contrary, stoichiometric combustion has been given more and more attention, for
ultra-low emission and obvious low post-treatment cost can be realized when it is combined with a three-way catalyst. In this paper, the
advantages and problems of both combustion modes were illustrated and optimization measures were proposed correspondingly. Based on
the analysis, the following conclusions were reached. First, a lean-burn engine can satisfy the EU-V emission legislation if its combustion
limit is extended with no installment of any NO, post-treatment unit, and a higher thermal efficiency can be realized. In order to satisfy
EU-VI legislation, however, it has to be equipped with SCR. Second, compared with the optimization of combustion chambers and intake
ports, both regional stratification and pre-combustion chambers are more favorable for lean-burn limit extension and stable combustion.
And in the same level of NO, emission, they can increase the thermal efficiency significantly, but much more unburned hydrocarbon will
be emitted if the mixed gas zone is too thin. Third, if lean burn is combined with SCR to satisfy EU-VI emission legislation, the original
NO, emission can be inhibited further by recirculation and dilution of a little burned gas, so that the combustion phase will get better. And
fourth, if stoichiometric combustion is combined with the recirculation of a little burned gas, the thermal efficiency can be increased ef-
fectively by means of Miller cycle. If the air valve is not closed on time, however, the combustion rate will still drop even though the ef-
fective compression ratio is kept constant or increased slightly. If the closing time of the air valve is seldom before or after the schedule,
the effective compression ratio will be increased, and consequently heat transfer loss and high-load knock tend to increase obviously.

Keywords: Spark ignition natural gas engine; Lean burn; Stoichiometric combustion; Thermal efficiency; Emission legislation; SCR;

Three-way catalyst; Optimization measures
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