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Abstract: This paper focused on the effects of water injection
on combustion and emission characteristics in heavy-duty
natural gas engines by numerical methods. The results show
that water injection has no significant effects on the stage of
low-temperature reactions, but the generation rate of OH
radicals is limited in the stage of high-temperature reactions.
Therefore, there is not enough oxidant to oxidize CO. The
combustion duration is extended, and the temperature during
the combustion is reduced. Moreover, the flame propagation
speed and fuel heat released rate slow down with the increase
of water injection quantity. The combustion duration and

phase are delayed, and the maximum temperature decreases
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with the water quantity increasing. Besides, the spray
position closer to the combustion chamber contributes to the
effect of water evaporation on reducing the temperature in the
combustion chamber, which is beneficial to increasing the
charging density in the intake stroke. Water injection can
significantly limit the thermal load of engines and the
formation of nitrogen oxides in the combustion chamber,
thereby providing the possibility of equivalence ratio
combustion in natural gas engines.
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Fig.3 Comparison of cylinder pressure and heat released
rate in different water injection positions
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injection positions
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Fig.11 Comparison of production of NO, emissions
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