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ABSTRACT: In this study, the method named inject fresh air (IFA) technology is proposed in order to
significantly improve the swirl ratio without affecting the scavenging efficiency. The effects on the fuel/air mixing
process, combustion, and emission performance are studied by numerical simulation. The research results indicate
that IFA technology can effectively increase the level of in-cylinder swirl by injecting fresh air directly into the
cylinder, thereby optimizing the fuel/air mixing process and improving combustion performance. The two key fuel
injection parameters, the injection angle of the cross section and the injection angle of the longitudinal section,
were designed through orthogonal experiments. When the optimal working condition was obtained, the thermal
efficiency increased from 49.92% of the Base case to 51.97%. Based on the optimization of high swirl ratio and
fuel injection parameters, a higher EGR rate of 40% is needed to meet the requirements of Tier III emission
regulations. Under this condition, NOx emission reduced to 2.82 g/kW-h, and BSFC decreased by 2.33 g/kW'h

compared to the Base condition.
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