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Abstract 

Direct injection spark ignition (DISI) engines have been widely used in passenger cars due to their lower 
fuel consumption, better controllability, and high efficiency. However, DISI engines are suffering from wall 
wetting, imperfect mixture formation, excess soot emissions, and cyclic variations. Applying a new fuel atom- 
ization technique and using biofuels with their distinctive properties can potentially aid in improving DISI 
engines. In this research, the effects of isobutanol and 2-butanol and their blends with Toluene Primary Ref- 
erence Fuel (TPRF) on spray characteristics, DISI engine combustion, and particle number (PN) emissions 
are investigated for conditions with and without flash boiling of the injected fuel. Spray characteristics are 
investigated using a constant volume chamber. Then, the combustion, flame propagation, and PN emissions 
are examined using an optical DISI engine. The fuel temperature is set to 298 K and 453 K for liquid injection 

and flash boiling injection, respectively. The tested blending ratio is 30 vol% butanol isomers and 70 vol% 

TPRF. The results of the spray test reveal that liquid fuel plumes are distinctly observed, and butanol blends 
show a slightly wider spray angle with lower penetration length compared to TPRF. However, under flash 

boiling injection, the sprays collapse towards the injector axis, forming a more extended single central vapor 
jet due to the plumes’ interaction. Meanwhile, butanol blends yield a narrow spray angle with more extended 

penetration compared to TPRF. The flame visualization test shows that the flash boiling injection reduced 

yellow flames compared to liquid fuel injection, reflecting the improvements in mixture formation. Thus, im- 
provements were noted in the heat release and PN emissions. Butanol addition reduced the PN emissions 
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