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An Investigation on Combustion Cycle-by-cycle Variations Affected by
Spark Discharge Behavior under High EGR Ratio
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Spark ignition engines have a fateful event that enhancing EGR ratio makes cycle-by-cycle variations, and then ends up its
combustion limit. To unveil this event, spark discharge images were shot with a high-speed video camera, and spark discharge electric
current and voltage, in-cylinder pressure were measured at the same time under high EGR ratio combustion. The relations between spark
discharge behaviors and combustion characteristics were investigated. It is discussed here how initial combustion speed variations,
which caused by differences of spark discharge behavior among cycles, affects the combustion cycle-by-cycle variations.

Fig.1 shows the ignition circuit. Electric current and voltage are measured around the spark plug. The measured current and voltage have
significant noises on their lines. These noises are removed with a smoothing method. And discharge path lengths (Jyun) are estimated using
Equation (1) which is modified from the equation'V made by KIM et al.. This procedure is shown is in Fig.2.
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Fig.5 Example of ignition discharge characteristic, discharge path length and visualized spark discharge (#26 cycle)
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