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Abstract . Fuel spray wall impingement is a common phenomenon in small high-pressure direct injection diesel
engines. Fuel spray wall impingement influences the in-cylinder combustion process, and significantly impacts
the engine’ s dynamics, fuel economy, and emissions. To better understand the combustion characteristics of
fuel spray wall impingement, the numerical simulation was applied to calculate the process and explore this
process. The results show that, during the 2-stage combustion process of spray wall impingement, the impinge-
ment promotes the radial development radius and the vortex height of the spray, enhances oil-gas mixing near
the wall, and forms favorable conditions for low-temperature ignition near the wall. Low-temperature combus-
tion reactions start in the near-wall region, where the mixture is relatively dilute, and then develop into the
dense mixed gas area in the center of the impinging spray. As low-temperature oxidation combustion continues
to release heat, the maximum temperature in the center of the impinging spray will gradually increase, and a
large amount of CH,O will accumulate. Meanwhile, the impinging spray can cause the formation of a more con-
centrated mixture in the center of the impinging spray, and low-temperature combustion would release less

heat, resulting in the incomplete combustion of some carbon, and increasing the amount of soot generated. Ad-

« WFSHEHEA: 2023-03-23; f&1THHE: 2023-08-03
E£WAB. ETRHERIEE (21010503000)
{EEE . FoCHEE(1981—) B EI#EEZ W 4 HA S Ul GEIRVER . E-mail: qinwenjin@ usst.edu.cn) .
SIAMEN:  ZOCHE, ®iRAE, SKRIRAR, PMNIRIR. W55l BE MR b B (A IF 9T [ J]. B ECE AN 1 2%, 2023, 44(9) .
1087-1096.
1087



1088 A R~ G SO | ) = 2023 4 5 44 45

ditionally, as high-temperature combustion proceeds, the temperature will continue rising, and the impinging

spray will draw more oxygen, generating a large amount of NO_ through oxidation reactions.

Key words: spray wall impingement; spray combustion; soot; NO,
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Fig. 1  Four types of wall interaction in the Kuhnke thin-film splash model
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Table 1 ~ Experimental parameters of spray wall impingement et al
parameter value
injection pressure P, /MPa 15
ambient pressure P, /MPa 0.1
ambient temperature T, /K 296
wall temperature 7', /K 473
impingement distance [ /mm 22.5
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Fig. 2 Comparison between the spatial distributions of impinging spray droplets and experimental results
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Fig. 3 Comparison between the spray penetration distances and experimental results
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Table 2 Numerical simulation parameters

parameter value
injection pressure P; /MPa 40
impingement distance / /mm 40
ambient temperature T, /K 813
wall temperature 7', /K 408

4 =45
Fig. 4 The 3D simulation model
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Fig. 6 Distribution maps of CH20, OH, and the temperature (the white contour line represents

equivalent mixture fraction Z, = 0.068)
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Fig. 9 Scatter plots of the mixture mass fraction and the temperature at different moments
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