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Spray Morphology of Superheated Porous Methanol Under
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Abstract: Methanol is an ideal clean alternative fuel, but the high latent heat of vaporization makes it difficult for
methanol engines to start cold, especially in extremely cold conditions (~30 °‘C). In order to comprehensively
explore the characteristics of methanol spray under extremely cold conditions, this paper uses a self-designed low-
temperature spray visualization test bench to study the visualization of methanol spray under normal and low tem-
perature conditions of a 6-hole methanol direct injection injector. The influence of different ambient temperatures
on the macroscopic morphology and SMD of methanol spray was compared and analyzed by schlieren method and
Malvern particle size analyzer, and the influence of fuel preheating technology on the morphological parameters of
methanol spray under extremely cold conditions was explored by using the self-designed nozzle heating system.
The results show that with the decrease of ambient temperature, the spray penetration distance increases slightly
and the cone angle decreases slightly, but there is little difference between the two under low temperature condi-

tions. At the ambient temperature of —30 ‘C, compared with the ambient temperature of 25 °C, the spray SMD
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increases by 2 um, and the large particle size boundary is significantly widened. When the nozzle temperature rises

to 100 ‘C, the methanol spray at different ambient temperatures reaches flash boiling, and when the ambient tem-

perature is 80 'C, the multiple sprays quickly collapse into a single spray, and the penetration distance increases

sharply. When the ambient temperature is 25 ‘C or -30 °‘C, the spray first presents the characteristics of three

sprays, then the spray head expands into an “umbrella” shape, and the penetration distance increases slowly. The

SMD of flash spray at different ambient temperatures is significantly lower than that under spray at room tempera-

ture, and the particle size distribution is narrower in the high temperature environment. This paper innovatively

proposes that the low temperature environment mainly affects the macroscopic morphology of superheated metha-

nol spray from three aspects: hindering the collapse of the spray, delaying the emergence of the vortex region,

and reducing the evaporation of the vortex region, which provides theoretical guidance for the application of fuel

preheating technology in practical engines.

Keywords: methanol; cold start; spray morphology; SMD; flash boiling
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Fig.1 Low temperature and overheat spray test system
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Fig.6 Injector nozzle layout and shooting direction
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Fig.6 Spray under different ambient temperatures
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Fig.7 Spray penetration under different ambient tem-
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Fig.8 Spray cone under different ambient temperatures
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Fig.10 Spray under different ambient temperatures with fuel temperature at 100 'C
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Fig.11 Spray penetration under different ambient tem-
peratures with fuel temperature at 100 'C
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Fig.13 Spray shape factor C under different ambient
temperatures with fuel temperature at 100 ‘C
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