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Unregulated Emission Characteristics of a Heavy-Duty
Pure Methanol Engine

Wei Yanju, Shi Zihang, Zhang Yajie, Liu Shenghua
(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Methanol is a clean and widely used alternative fuel for engines, which can effectively help in realizing
“dual carbon” targets for China. In this study, an engine test was conducted on a heavy-duty intake jet spark igni-
tion pure methanol engine with exhaust gas recirculation (EGR) to investigate the effects of engine load and speed,
EGR ratio, and injection strategy on unregulated emissions. A GC-2010 gas chromatography analyzer, a nonradioac-
tive pulsed discharge helium ionization detector (PDHID) , and a hydrogen flame ionization detector (FID) were used
to measure unregulated emissions. Moreover, Gs-OxyPLOT was used to improve the detection speed and accuracy.
Results show that the hightest emissions of methnal and formaldehyde can reach 5000 x 10 and 1000 x 10,
respectly, account for 97% of the total unregulated emissions. The injection strategy directly affects formation of a
mixture of methanol and air, followed by the combustion in the cylinder and unregulated emissions. The optimal in-
jection time is 360 °CA, where the brake thermal efficiency (BTE) increases by 5% of the lowest value, while the
corresponding methanol and formaldehyde emissions are reduced to 50%. Additionally, spraying methanol directly
into the back of the intake valve can improve the atomization quality, thereby reducing emissions. Formaldehyde is
derived from the postoxidation of unburned methanol. The engine speed, load, and EGR rate essentially affect

methanol and formaldehyde emissions by affecting the temperature in the cylinder and exhaust pipe and the residence
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time of the exhaust. As the exhaust temperature rises,

hyde emissions first increase and then decrease.

unburned methanol emissions decrease, whereas formalde-

Keywords: pure methanol; heavy-duty engine; unregulated emission; exhaust gas recirculation (EGR)
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Fig.1 Schematic of the experimental setup
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Fig.2 Chromatograms of the PDHID and FID detectors
on engine emissions
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Fig.3 Unregulated emission components
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Fig.5 Effect of exhaust temperature on methanol emission
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