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Impact of main pilot injection strategy on combustion and
emission performance of agricultural diesel engines under

high-altitude conditions
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(Yunnan Key Laboratory of Internal Combustion Engines, Kunming University of Science and Technology, Kunming
650500, China)

Abstract: Based on an engine test bench and atmospheric simulation system, this study systematically
investigated the influence of main injection timing, rail pressure, pilot fuel quantity, and pilot injection
timing on the combustion and emission performance of a diesel engine under conditions of 1400 remin " and
200 Nem. The study findings indicate that with the increase in altitude, the in—cylinder pressure and heat

release rate of the diesel engine decrease, while the combustion temperature and rate of pressure rise
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slightly decline. The emissions of total hydrocarbons and smoke opacity are reduced by 38.77% and
27.85%, respectively, whereas the emissions of carbon monoxide and nitrogen oxides increase by 23.31%
and 0.64% , respectively. Advancing main injection timing in agricultural diesel engines at high altitudes
can lower effective fuel consumption rate but significantly increase NO, emissions. To compensate for the
prolonged ignition delay, further advancement of main injection timing is necessary. Raising rail pressure
from 80 MPa to 120 MPa enhances atomization, reducing THC, CO, smoke emissions, and BSFC, yet
NO, emissions rise by 25% ~30%. Increasing pilot injection shortens the ignition delay, lowers BSFC,
but requires combining with main injection timing advancement to curb NO, formation. Advancing pilot
injection timing slightly suppresses NO, emissions at high altitudes. A combination of "main injection timing
advancement + 100 MPa rail pressure + appropriate pilot injection volume" is suitable for high—altitude
environments. Coordinating and optimizing the main—pilot injection strategy and injection pressure can
enhance the performance of agricultural diesel engines at high altitudes and offer a theoretical basis for their
high—altitude adaptability design.

Key words: power engineering; altitude; diesel engine; main pre—injection strategy; combustion;

emissions
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Fig.1 Schematic diagram of platform layout
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Table 2 Simulation boundary conditions
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Fig. 20 BSFC and emissions at different main injection timing under attitudes of 0 m and 2 000 m
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