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On the Measurement of Spatial Characteristic Scale in Turbulent
Boundary Layer Based on Tomographic Time-resolved PIV

YANG Shao-giong', JIANG Nan'**
(1. Dept. of Mechanics, School of Mechanical Engineering, Tianjin University, Tianjin 300072, China;
2. Tianjin Key Laboratory of Modern Engineering Mechanics, Tianjin 300072, China)

Abstract: Typical characteristic spatial scales, such as dissipation scale, shear scale, Taylor micro-
scale and integral scale etc. in turbulent boundary layer at 3~5, 40~100, 20~50 and 4000 wall-
units, respectively, were calculated by using the 3D-3C database of time series of spatial velocity field
measured by tomographic time-resolved PIV. Results show that dissipation scale slowly increases
along the wall normal position upwards; while the shear scale in the near wall region does not change
significantly with the normal position; the integral scales do not change with the normal position.
Multi-scale velocity spatial strain rates along streamwise direction in the velocity field of turbulent
boundary layer were obtained according to the concept of spatial strain rates of local average velocity.
The spatial lengths in streamwise direction of multi-scale eddies were acquired by using method of
spatial auto-correlation. In terms of the small-scale cases, the spatial characteristic lengths of multi-
scale eddies are roughly equal along the streamwise and spanwise direction near the flat plate. Then
these spatial lengths of eddies increase in general along the wall normal position upwards. However,
at outer region of turbulent boundary layer, these spatial lengths gradually become equal. In the
large-scale cases, these spatial lengths of eddies increase firstly along the normal position, and then
there is a slower increase trend. Furthermore, the streamwise lengths are always greater than
spanwise lengths, with the normal lengths minimum.

Keywords: turbulent boundary layer; tomographic time-resolved PIV; locally average velocity strain;

spatial auto-correlation; spatial scale



