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Ammonia fuel piston trajectory combustion optimal control
based on genetic algorithm
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Abstract: Utilizing a repetitive control-based proactive controller known as the ‘virtual crankshaft’ , diverse pis-
ton trajectory operating characteristics under the same compression ratio (represented by parameter £, which is the
ratio between the minor axis and the major axis of the ellipse generating trajectories) were achieved in a free piston
engine. Through an analysis considering characteristics such as indicated thermal efficiency, peak pressure
location, ignition delay, nitrogen oxide emissions, etc., an optimal piston trajectory based on parameter 2 was
obtained. Using this as the initial condition for optimization parameters, a global optimization design of the piston
trajectory was performed based on a genetic algorithm, with indicated thermal efficiency as the optimization objec-
tive. The research results demonstrate that changes in the piston trajectory affect ammonia HCCI combustion proc-
esses. The optimized trajectory obtained through the design optimization process shows a 3.35% improvement in in-
dicated thermal efficiency compared to traditional internal combustion engines, along with a 42.93% reduction in
ignition delay time.
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