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Development of a novel hybrid LES spray code
free of empirical parameter tuning

J. Shinjo, A. Umemura

ABSTRACT

Conventional spray simulation codes, including commercial codes, require parameter tuning using experimental data due to the fact that the
models included are not closed since they are not necessarily based on a thorough understanding of related physical mechanisms such as
liquid atomization. This makes the predictability of simulation low, which has been a critical issue for decades. Our previous findings on
liquid atomization mechanisms through detailed spray/droplet simulations, microgravity experiments of liquid jet pinch-off, theoretical
considerations, etc. have paved the way to overcome this issue, and we have proposed a hybrid spray LES (large-eddy simulation) code
with a novel turbulent atomization model. The turbulent atomization model features that the main atomization modes are driven by
turbulent resonance or Rayleigh-Taylor (RT) instability, and the LES-resolved liquid surface information, such as turbulent Weber number
and turbulent Bond number, determines the mode and timing of atomization. Several test cases for Diesel fuel injection are conducted to
examine the validity of the model, and the obtained results indicate that the present code quite accurately reproduce the global
characteristics such as the initial liquid behavior, spray spreading angle and droplet distribution. In addition, more detailed information on
the atomization mode, the effect of flow Reynolds number, detailed flow structures, etc. is obtained and gives insight on the spray
development mechanisms. For the first time, the present code has enabled a spray simulation free of parameter tuning and expected to
improve the predictability of spray simulation both in academic studies and industrial applications.
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