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Large Eddy Simulation for Control of Boundary Layer
Separation with Dimples

LAN Jibing, XIE Yonghui, ZHANG Di
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Abstract;: A flat plate separation flow with a diffusive upper wall was designed to simulate the
boundary layer separation of a low pressure turbine cascade suction surface. Large eddy simula-
tion with the dynamic Smagorinsky model was adopted to investigate flow dynamics and separa-
tion control effectiveness of a dimple under adverse pressure gradient on the flat plate. The effect
of different ratio of leading edge boundary layer thickness to depth (R=0. 378, 0. 994, 1. 453) on
dimple flow dynamics and control effectiveness was investigated. The results show that the hor-
seshoe vortex is the leading factor in the dimple flow dynamics for all three cases. Periodical
shedding of the horseshoe vortex forms hairpin vortex lines arranged in dimple wake. The legs of
the hairpin vortex are adjacent to the boundary layer and form streamwise vortex. In addition,
the streamwise vortices absorb main stream high kinetic energy fluid into the boundary layer and
augment the energy of the boundary layer. It appears that the horseshoe vortex and hairpin vor-
tex lines are most effective to the suppression of boundary layer separation.
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