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Numerical Simulation of Combustion System Development for
Heavy Duty Methanol Direct Spark Ignition Engine

XuYisen, Yao Mingfa, Wang Hu, Zhang Zhi
(State Key Laboratory of Engines, Tianjin University, Tianjin 300072, China)

Abstract: Based on a heavy-duty methanol port fuel injection (PFI) engine, a direct injection spark ignition
(DISI) combustion system development study was carried out to systematically investigate the effects of intake
port structure and injection strategy on the flow, combustion and emission of a heavy-duty methanol DISI engine.
The results show that the double tangential intake port can significantly enhance the in-cylinder flow rate, with a
small local rich mixture distribution area and a short combustion duration, and the absolute indicated thermal effi-
ciency is increased by 0.68% (46.93%) . The early injection strategy can obtain a more uniform mixture distribution
and higher indicated thermal efficiency, but the local equivalent ratio near the spark plug is low and the ignition
stability is poor. The late injection strategy can increase the local equivalence ratio near the spark plug and improve
the ignition stability, but the thermal efficiency will be decreased and the carbon monoxide (CO) and unburned
methanol emissions will be increased. Increasing the injection pressure can improve the in-cylinder mixture distri-
bution, reduce the thick mixture distribution area, and at the same time overcome the problem of low equivalence
ratio in the center area of the combustion chamber, which significantly improves the ignition stability and combus-
tion efficiency. In addition, by enhancing the intensity of in-cylinder turbulence, accelerating the flame propaga-

tion speed and shortening the combustion duration, the indicated thermal efficiency reaches 47.46% under the in-
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jection pressure of 50 MPa. Increasing injection pressure also reduces CO and unburned methanol emissions, but

nitrogen oxide (NO,) emissions increase.

Keywords: methanol; direct injection; heavy-duty engines; combustion systems
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