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ABSTRACT

The lecture focuses on high order scheme and parallel computation for direct
numerical simulation and large eddy simulation for flow separation, transition, wakes,
and flow control. A detailed description is given for several fundamental issues such as
high quality grid generation, high order scheme for curvilinear coordinates, CFL
condition for complex geometry, relation of pseudo-time marching and Richardson
iteration, and high-order weighted compact scheme for shock capturing and shock-
vortex interaction. The computation examples include DNS for K-type and H-type
transition, DNS for flow separation and transition around airfoil with attack angle,
control of flow separation by using paused jets, LES simulation for wakes behind
juncture of wing and flat plate with wing tip vortex. For DNS of flow transition on flat
plate, the calculation has been well validated including friction coefficients and log law
of velocity profile. The direct numerical simulation (DNS) for flow separation and
transition around a NACA 0012 airfoil with an attack angle of 4° and Reynolds number
of 100,000 has been carried out. The details of the flow separation, formation of the
detached shear layer, Kelvin-Helmoholtz instability (inviscid shear layer instability) and
vortex shedding, interaction of non-linear waves, breakdown, and re-attachment are
obtained and analyzed. Though no external disturbances are introduced in the baseline
case study, the self-excited mechanism is observed, which may reveal the origin of the
disturbance for airfoil with attack angle. The power spectral density of pressure shows
the low frequency of vortex shedding caused by the Kelvin-Helmoholt instability
dominates from the leading edge to trailing edge. The simulation shows that the
nonlinear wave interaction and breakdown is driven by the generation and growth of the
stream-wise vortex which leads to the deformation, stretching, and eventually
breakdown of the shedding prime vortex. DNS for flow separation control by blowing
jets (steady, pulsed, and pitched and screwed jets) is also tested. The effects of unsteady
blowing on the surface at the location just before the separation points on the transition
and separation are also studied. The separation zone is significantly reduced (almost
removed) after unsteady blowing technology is applied. For the case of juncture of wing
and flat plate, the wing tip vortex and wakes behind the juncture are well simulated. The
computation also shows almost linear growth in efficiency is obtained by using multiple
processors.
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