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Direct numerical simulations of fully compressible multiphase flows in realistic dual fuel
internal combustion engine (DFICE) components under realistic operating conditions require
enormous computational resources beyond the scope of current investigations. In order to
reduce the computational complexity and computational costs, we come up with a simplified
atomizing liquid sheet benchmark case. Our set-up is based on properties of the “SprayA-
210675 model” with D=89.4μm of a DFICE. The reduced computational nozzle domain is
5D*0.5D*0.5D and the chamber domain is 15D*2.5D*0.5D in x, y, z direction. At the inlet of
the reduced domain, liquid n-Dodecane and a mixture of Nitrogen and Methane form a shear
layer, while the environment is initially filled with a gas mixture. Periodic boundary
conditions in spanwise directions and a symmetry boundary condition at the bottom surface
are prescribed. A viscous wall separates the two flows similar to the “SprayA nozzle”
geometry and the corner between viscous wall and gas inlet is similar to the “SprayA nozzle”
exit. The initial chamber and ambient pressure is 6MPa. Three computational grids
(2.50million, 34.56 million, 67.50 million) are used to simulate the shear layer and to analyse
the predicted mixing processes depending on the grid resolution. The mesh resolution is
varied between 1.788μm and 0.596μm.
We employ a numerical algorithm capable of handling fuel primary break-up and
compressibility of all involved phases. An Implicit Large Eddy Simulation approach for
compact stencils proposed by Egerer et al. [1] based on [2, 3] is used to model sub-grid
structures if the resolution is insufficient for DNS. A diffuse interface method is used,
together with a barotropic multi-component fluid model. The time integration is performed by
an explicit four-stage Runge-Kutta method.
Acknowledgments: This research was supported by the EDEM project. This project has
received funding from the European Union Horizon 2020 Research and Innovation
programme under Grant Agreement No 861002. The authors also gratefully acknowledge the
Leibniz Supercomputing Centre for funding this research by providing computing time on its
Linux-Cluster.

REFERENCES
[1] Egerer, C. P., Schmidt, S. J., Hickel, S., & Adams, N. A. (2016). Efficient implicit LES

method for the simulation of turbulent cavitating flows. J. Comput. Phys. 316, 453-469.
[2] Adams, N. A., Hickel, S., & Franz, S. (2004). Implicit subgrid-scale modeling by

adaptive deconvolution. J. Comput. Phys. 200(2), 412-431.
[3] Hickel, S., Egerer, C. P., & Larsson, J. (2014). Subgrid-scale modeling for implicit large

eddy simulation of compressible flows and shock-turbulence interaction. Physics of
Fluids, 26(10), 106101.


	Yu Jiao*, Steffen J. Schmidt, Nikolaus A. Adams
	Key Words: Fully compressible flow, Implicit Large

