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The objective of this study is to examine the spray characteristics of diesel blended with high concentrations of ethanol 

under different injection and ambient pressure conditions. While diesel engines are valued for their high efficiency, they face 

increasing challenges regarding emissions and stringent environmental regulations. Ethanol, characterized by its relatively 

low density, viscosity, and surface tension, offers potential as a blending fuel to improve atomization and mitigate pollutant 

formation. To evaluate this potential, optical spray experiments were performed in a constant volume chamber, supported 

by CFD simulations. A phase stability assessment confirmed that blends containing up to 99.9% anhydrous ethanol remained 

stable for at least 30 days at room temperature. The experimental findings revealed that increasing ethanol content reduced 

spray penetration length from 50.8 mm for D100 to 46.2 mm for E100, while the spray cone angle widened from 28.5° to 

45.3°, accompanied by a substantial increase in spray perimeter. Velocity analysis indicated that D100 maintained a more 

gradual decay due to higher inertia, whereas E100 experienced rapid attenuation, with DE50 showing intermediate behavior. 

CFD simulations further demonstrated a continuous reduction in SMD as ethanol concentration increased, confirming 

enhanced atomization. Results obtained with the KH-RT breakup model and LES turbulence approach exhibited strong 

consistency with the measured SPL data. In summary, high-ethanol diesel blends promoted improved spray dispersion and 

mixture uniformity, offering potential advantages in terms of combustion efficiency and emission reduction. These results 

provide important insights for optimizing injection strategies and developing advanced injector technologies for next-

generation diesel engine applications. 
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