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Effect of fuel injection rate on the performance of a gasoline/biodiesel
RCCI engine during the starting process

LUO Yihao', TAN Yusong', CHEN Haifu', WANG Weifa’, LI Jing’*, YANG Wenming
1. Guoneng (Qingyuan) Clean Energy Co., Ltd., Qingyuan 511500, China;
2. Shenzhen Yicheong Power Co., Ltd., Shenzhen 518109, China;
3. School of Mechanical and Power Engineering, Nanjing Tech University, Nanjing 211816, China;

4. Department of Mechanical Engineering, National University of Singapore, Singapore 117576, Singapore

Abstract; Based on three-dimensional numerical simulations, the effects of injection rate shapes with different
boot lengths and intake temperatures on the combustion and emission characteristics of a gasoline/biodiesel
reactivity controlled compression ignition ( RCCI) engine during the starting process are investigated. The
results indicate that increasing the boot length increases the late-stage injection rate promotes the atomization and
mixing of biodiesel, thereby increases in-cylinder pressure, peak heat release rate, and indicates mean effective
pressure while reduces CO emissions, which leads to increased NO emissions. Under the low intake temperature
condition, employing a long boot length can improve combustion efficiency and prevent misfire. A higher intake
temperature helps improve combustion stability, mitigates the influence of injection rate shape, and significantly
reduces CO emission.
Keywords : gasoline ; biodiesel; RCCI engine ; injection rate shape; starting process
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method and signal analysis technology are used. By changing the operating state parameters such as diesel
engine speed, torque and oil temperature and the cylinder clearance, the combustion pressure in the cylinder
and the vibration acceleration signal of the body are measured. The vibration acceleration signals are
decomposed into 16 frequency bands using wavelet packet decomposition (WPD) , and the energy distribution
of each band is compared with the cylinder pressure signals. The study identifies the variation patterns of
wavelet packet energy distribution under different influencing factors and determines the frequency bands
sensitive to combustion state and piston slap. The results indicate that; As engine speed increases, the
reciprocating inertia force of the piston rises. When the speed increases from 1 000 r/min to 1 600 r/min, the
energy of frequency band 16 increases by 3. 55 times. With increasing torque, the energy of all frequency bands
shows an upward trend. As oil temperature rises, most frequency bands exhibit no significant energy variation,
but bands 15 and 16 still demonstrate an increasing trend. With larger piston-to-cylinder clearance, the energy
of bands 6, 7, 8, 10, 15, and 16 increases significantly.
Keywords: engine block vibration signal; wavelet packet decomposition; operating condition; piston-

liner clearance
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