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A high-order numerical scheme is developed in the context of large—eddy simulation (LES) to obtain
insights into the nonlinear physical |ink mechanism between the macro flow, turbulence, mixing and
combustion in a high—-speed flow using spatiotemporal multi-scale flow concept. We first developed a
high-order numerical scheme that can resolve the broadband scales in the flow while capturing different
types of discontinuities, such as shock waves, contact surfaces and material discontinuities. The
proposed numerical scheme shows significant improvements in the capability of the method for simulating
compressible turbulent flows with the discontinuities. Using the proposed method, we conducted the LES
of an under—expanded sonic jet injection into a supersonic turbulent crossflow. From the spatiotemporal
data analyses, the flow mechanisms of the large-scale dynamics of shocks deformation and accompanies
vortex formation that associate with the turbulent eddies and the jet mixing associated with the
turbulent jet structures were elucidated. Base on the understandings of the flow physics further
investigation to understand the mechanism of turbulent combustion in a high-speed flow is ongoing
research. Computer time was provided by JAXA Supercomputer System (JSS) at JAXA and High Performance
Computing Center (HPCC) at Stanford University.




