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Effect of Physical / Chemical Process of Compression Auto Ignition to the Knock Onset on Spark

Ignition Engine

Thesis Summary

Spark ignition engines are widely used as power sources. Further improvement in thermal efficiency is
required from social demands for reduction of carbon dioxide emissions. The thermal efficiency of the
spark ignition engine is restricted by abnormal combustion called “knock”. This abnormal combustion is
caused by the compression auto ignition of the unburned mixture near the cylinder wall. In order to
improve anti - knock performance, it is necessary to grasp the compression ignition process of the
unburned mixture from the perspective of the physical / chemical process.

The purpose of this study is to clarify the influence of temperature / pressure history of unburned
mixture which changes depending on the heat release rate of the propagation flame on the ignition delay
time in spark ignition engine.

In Chapter 1, the past knock and compression auto ignition studies were reviewed and the purpose of
this study was described.

In Chapter 2, experiment and numerical chemical reaction calculation method were described.

In Chapter 3, the behavior of combustion cycle variation in the cylinder pressure measurement period
was investigated. It was revealed that dependency of knock intensity on temperature and pressure at
auto ignition is high. In addition, by using the optical sensor, the validity of the knock strength evaluation
by the in-cylinder pressure measurement was confirmed. And it was showed that there is a relationship
between the onset position of the auto ignition and the knock intensity

In chapter 4, by using numerical chemical reaction calculations, the changes of heat release rate
history of the flame on the ignition delay time of the unburned mixture were investigated.

In chapter 5, by using a rapid compression machine, fuel is injected into the combustion chamber at
different times in the compression stroke to change the temperature / pressure history. The influence of
temperature / pressure history on ignition delay time was clarified.

In Chapter 6, the piston was designed aiming at prolonging the ignition delay time due to slowing of
the temperature rise of the unburned mixture. Heat transfer was promoted locally by moderately
strengthening the gas flow at the knock onset position. The effect was verified by the combustion test of
the single cylinder engine.

In chapter 7, the findings and the conclusion of this study were described.




