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ABSTRACT 

The work explores prechamber-assisted combustion (PCC) technology, reportedly capable of 
simultaneously enabling significant upgrades for closed-cycle combustion systems. PCC works by 
enclosing conventional ignition sources like glow plugs, sparkplugs (plasma), microwaves, and laser 
igniters within a small volume. This volume is kept at thermochemical and fluid dynamic conditions 
suited for combustion initiation using these conventional ignition sources. The combustion within the 
small volume is then utilized in a cascade to ignite the main combustible mixture at harsher conditions 
(lean/high pressure). The interaction of PCC combustion with the mixture to ignite occurs through a 
nozzle with or without orifices.  

This work describes the development and utilization of laser diagnostic techniques to examine the 
physics of turbulent reactive jets during PCC combustion in Heavy-duty optical engines, including 
mixing, quenching, and velocity, in various configurations. Traditional 10 Hz IC engine laser 
diagnostics provide only single snapshot images of the transient combustion process, which lasts 
between 3 to 10 msec in one revolution, and are unable to time-resolve the combustion process. The 
optical access to confined combustion chambers poses additional challenges for laser light delivery 
and imaging. However, advancements in lasers and scientific imaging have enabled the exploration 
of the thermochemistry and gas dynamics of the pre-combustion chamber, and this work presents 
implemented laser diagnostic systems to study the prechamber and a few other thermo-fluid systems. 
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