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TRPIV Experimental Study of Hairpin Vortex Packet
Spatial Mode in Turbulent Boundary Layer

CHENG Lu', JIANG Nan'*?
(1. Department of Mechanics, Tianjin University, Tianjin 300072, China;
2. Tianjin Key Laboratory of Modern Engineering Mechanics, Tianjin 300072, China)

Abstract: Time series of instantaneous velocity vector spatial distribution in both streamline plane/
normal plane of flat plate turbulent boundary layer were measured, respectively, by using high time
resolution particle image velocimetry ( TRPIV). Space characteristics of large-scale hairpin vortex
packets in turbulent boundary layer were identified and extracted based on the concept of space locally
averaged velocity structure function. It is found that along different normal positions in turbulent
boundary layer from near-wall area to outer layer, multiple positive and negative hairpin vortex
packets alternately coexist. These hairpin vortex packet structures distributed in different heights
along normal direction are connected each other through tilted vortex shear layer, which enables the
middle and inner layer to closely connect with the outer region in turbulent boundary layer and to
constitute an interactional steady-state.

Keywords: turbulent boundary layer; high time resolution particle image velocimetry (TRPIV); space

locally averaged velocity structure function; hairpin vortex packets



