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Abstract; As the influence law of the pre-chamber’s structural parameters on jet and combustion
characteristics in the active jet ignition system remains unclear, a numerical model for a marine jet
ignition engine was established by coupling the RANS RNG turbulence model with a chemical
reaction kinetics mechanism of ammonia/hydrogen fuel. With this model, the influence law of
pre-chamber nozzle parameters on the mixture development process inside the pre-chamber was
explored, and combustion characteristics of the engine under different nozzle parameters were
clarified. Study results showed that the nozzle diameter significantly affected the mass of the

mixture in the pre-chamber and the efficiency of jet energy transfer, that is, too small diameters
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tended to induce quenching due to throttling effects, whereas too large diameters caused mixture
dilution, thus reducing combustion efficiency. The number of nozzles directly influenced jet flame
propagation and interaction, too few nozzles produced insufficient flame spread, while too many
induced mutual interferences between jets, energy attenuation, and reduced penetration speed.
Nozzle angles that were either too small or too large led to uneven flame distribution or slowed
propagation. For the pre-chamber structure in this study, a configuration with a 3 mm nozzle
diameter, 8 nozzles, and a 140° nozzle angle, produced the highest jet flame energy, with the
peak heat release rate per unit crank angle in the main combustion chamber reaching 22. 7 kJ,
yielding the highest combustion efficiency. These {indings may serve as both theoretical basis and
practical reference for the optimized design of pre-chamber jet ignition systems used in marine
engines.

Keywords: marine engines; ammonia/hydrogen fuel; pre-chamber; nozzle parameters; jet flames
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Fig. 1 Schematic diagram of ammonia/hydrogen

pre-chamber ignition engine system
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Table 1 Main parameters of the 6ACD320G pre-chamber

natural gas engine
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Table 2 Initial and boundary conditions for numerical

simulation
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Fig. 4 Distribution of mixture equivalence ratios of the

pre-chamber under different nozzle diameters
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Fig. 16 Pressure distribution of the pre-chamber and main

combustion chamber under different nozzle angles
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and main combustion chamber under different nozzle

angles
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