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Research on Abnormal Combustion in Hydrogen-Fueled Spark Ignition

Engines

- Construction of a Knocking Prediction Model -
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Abstract
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A knocking prediction model for hydrogen combustion was developed. This study focused on the
influence of nitric oxide (NO) concentration on the ignition delay time of hydrogen. It was revealed
that hydrogen exhibits a significantly pronounced effect of NO in reducing the ignition delay time
compared to gasoline fuel. In addition, knocking was evaluated using a threshold based on the
combustion progress determined by the Livengood-Wu integral, and the model successfully reproduced
experimental results. This study highlighted the critical importance of incorporating the influence of NO
concentration into the knocking prediction model for hydrogen combustion engines.
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Abstract

To adapt internal combustion engines for a carbon-neutral society, the utilization of hydrogen has
garnered attention. Hydrogen, however, has a characteristic of igniting with extremely low energy,
making it prone to abnormal combustion. In this study, we address the specific challenges associated
with hydrogen by mixing methane, which possesses a high heating value and a lower tendency for
abnormal combustion. Through experiments using a naturally aspirated engine, it was confirmed that
this approach not only resolves hydrogen-related issues but also contributes to improvements in power
output, thermal efficiency, and NOx reduction.
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