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ABSTRACT

The flow within high-speed engine concepts (scramjets,
ramjets) is affected by strong compressibility effects, high
turbulence intensity levels, finite rates of reaction, incomplete
mixing, and core-flow blockage due to growth of turbulent
shear layers. Scale-resolving techniques, such as large-eddy
simulation, offer several advantages over state-of-the-
practice Reynolds-averaged Navier-Stokes (RANS) methods
in capturing these interactions, as they are able to directly
capture larger turbulent structures and their corresponding
effects. Since molecular mixing and combustion take place
at the unresolved subgrid scales, there is still a need to model
the effects of reactivity as expressed at the resolved scales and
to account for two-phase fluid dynamics associated with the
injection of liquid fuels. This talk surveys efforts undertaken
at NCSU to model scramjet component flow fields, referenced
to experiments conducted at the University of Virginia, the
University of lllinois, AFRL, and NCSU and considering both
facility-specific influences and large-scale interactions
among engine components. Numerical methods and physical
modeling strategies used at NCSU will be discussed, as

will new forays into the use of ‘data-driven’ techniques to
improve RANS and LES models. Directions for future work will
be presented, as will a brief overview of the Army Research
Office’s Fluid Dynamics program.
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