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Abstract

The purpose of this study is to use machine learning to build a model capable of predicting the flash boiling spray char-
acteristics. In this study, the flash boiling spray was visualized using Shadowgraph visualization technology, and then the
spray image was processed with MATLAB to obtain quantitative data of spray characteristics. The experimental conditions
were used as input, and the spray characteristics were used as output to train the machine learning model. For the machine
learning model, the XGB (extreme gradient boosting) algorithm was used. Finally, the performance of machine learning
model was evaluated using R? and RMSE (root mean square error). In order to have enough data to train the machine learn-
ing model, this study used 12 injectors with different design parameters, and set various fuel temperatures and ambient pres-
sures, resulting in about 12,000 data. By comparing the performance of the model with different amounts of training data,
it was found that the number of training data must reach at least 7,000 before the model can show optimal performance. The model
showed different prediction performances for different spray characteristics. Compared with the upstream spray angle and the down-
stream spray angle, the model had the best prediction performance for the spray tip penetration. In addition, the prediction perfor-
mance of the model showed a relatively poor trend in the initial stage of injection and the final stage of injection. The model
performance is expired to be further enhanced by optimizing the hyper-parameters input into the model.
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Fig. 2 Hole shape of injectors used in experiment
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Fig. 1 Schematic of experimental apparatus for visualizing a flash boiling spray
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Table 1 Experiment conditions

1-1,1-2,1-3,1-4,1-5,1-6

Injector 2-12-2,2-32-42-52-6

Ambient pressure [MPa] 0.02, 0.04, 0.06, 0.08, 0.1

Fuel temperature [°C] 50~130 (10°C interval)

Injection pressure [MPa] 35

Energizing duration [ms] 1.5

0~2.22

Time after start of injection [ms] (0.074 ms interval)

[T TR

[T

Raw images BG Removal&Grayscale Binarization Data getting

Fig. 3 Image processing method of flash boiling spray
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t.500:0.666 ms t.c00:0.962 ms

Fig. 6 Development process of non-collapse spray and
collapse spray
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