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This work examines how oxygenated biofuels, specifically long-chain alcohols, impact fuel atomization and combustion 

processes in compression ignition engines. The primary focus is assessing the influence of elevated n-butanol concentrations 
(70–90% by volume) mixed with diesel on spray development and combustion efficiency under varying operational 
conditions, employing a spark-assisted ignition technique. Experimental tests were conducted using a high-pressure constant 
volume chamber and a rapid compression-expansion apparatus to replicate realistic engine environments. Key performance 
indicators such as spray geometry, penetration distance, pressure trends, heat release patterns, and thermal efficiency were 
evaluated. Results indicate that increasing n-butanol content enhances spray propagation and dispersion at higher injection 
pressures without significantly altering the spray angle. The 90% blend exhibited the most notable variations compared to 
pure diesel. However, due to n-butanol’s substantial cooling effect during vaporization, ignition delays increased. To address 
this, a controlled spark-assisted system was implemented, demonstrating improved combustion stability and higher peak 
pressures compared to conventional diesel operation. Ringing intensity measurements confirmed stable combustion across 
all tested blends, with values shows within acceptable limits of 5 MW/m². The study highlights the viability of high-ratio n-
butanol-diesel mixtures when combined with spark-assisted strategies, offering a pathway for cleaner and efficient engine 
performance. 
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