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Flow boundary layer edge detection method
based on numerical simulation

WANG Lei' *  ZHANG Kunyuan®  SI Jiangtao' LIU Kaili' CAI Beijing' YANG Xinyu'

(1. Shanghai Aircraft Design and Research Institute, Shanghai 201210, China;
2. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract. Boundary layer edge is usually defined as the position where the velocity is 0. 99 times of the main flow.
However, the main flow in complicated flow field is often non-uniform, which makes it difficult to accurately identi-
fy the boundary layer. To solve this problem, a boundary layer edge detection method is proposed by using “refer-
ence mainstream” instead of the actual mainstream. The reference main flow which is not disturbed by the boundary
layer is obtained by numerical simulation under zero shear stress slip wall boundary condition, and the actual main
flow velocity replaced by velocity at corresponding position in the reference main flow when the boundary layer edge
is determined according to the boundary layer definition. Two supersonic compression flow fields including multi-
ramp compression and curved surface compression are used to evaluate this detection method. The results show that
relative error between the thickness of boundary layer at multi-ramp compression outlet station and the actual main-
stream velocity is only 4. 1% . According to the identification results of the method, the error between the bending
shock height and the inviscid design value is reduced from 2.0% to 0.3% , and the relative error of the end pres-
sure of the compression surface is reduced from 6. 6% to 2.3% . This detection method could avoid the arbitrari-
ness when determining the main flow velocity, and the recognition result is accurate.

Keywords : boundary layer thickness; numerical simulation; flow visualization; engine inlets; boundary layer de-

velopment ; boundary layer correction
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