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Abstract: To address the problem of poor lean-burn capacity for passive pre-chamber engines, an
investigation was conducted on a methanol direct-injection engine equipped with pre-chamber jet
ignition (PCJI) system. Specifically, tests were carried out under varied operating conditions
with the excess air coefficient ranging from 1.0 to 1. 4 to explore the influence of single, double,
and triple injection strategies on combustion and emission characteristics of the engine. The findings
reveal that the multiple injection strategies significantly enhanced the mixture concentration within
the pre-chamber, increased the jet ignition energy, and thereby improved the combustion

stability. Under stoichiometric combustion conditions, the multiple injection strategy slightly

Wk A . 2025-06-18, TEE R B 983, B WA PR EGEGEIEE) . 5B Bt BB #%. J 4 10
H: ERARBERLETBIH (52176131,
[ 28 H3 RRIFTR] . 2025-08-04 ) 2% Hi BRIk . https: // link. enki. net/urlid/61. 1069. t. 20250804. 1455. 002



140

[N O N R N S %59 &

extended the combustion duration and led to a marginal increase in HC and CO brake specific
When the

excess air coefficient was 1.4, the coefficient of variation of the indicated mean effective pressure

emissions. However, obvious benefits were observed under lean-burn conditions.
for the single injection, double injection, and triple injection strategies was 4. 96 %, 4.36% , and
3.79%, respectively. Compared with the single injection strategy, the double injection and triple
injection strategies resulted in reductions in HC brake specific emissions by 0.26 g + (kW « h) !
and 0.35 g+ (kW « h) ', reductions in CO brake specific emissions by 0. 44 g « (kW « h) ' and
0.93g+ (kW + h) ', and increases in indicated thermal efficiency by 0. 5% and 1. 1%, respectively.
These research findings offer valuable references for enhancing the lean-burn performance of passive
pre-chamber engines through the optimization of injection strategies.

Keywords: methanol direct-injection; jet ignition; thermal efficiency; combustion characteristics;

emissions characteristics
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Table 1 Specification of the prototype engine
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Fig. 1 Combustion system of the test engine
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Table 2 Information of the test instrument
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J J1/bar 0~250 +0.3

A 0.275~30 +0. 069

HC B4 4/ % 0~1 +0.001 2
CO K54/ % 0~10 +0.06
NO, KRB/ % 0~0.5 +0.003
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Fig. 3 Ignition delay periods for various injection strategies
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