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Fig.1. Schematic diagram of the riblets and experimental configuration
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Fig.2. Mean velocity profile of the TBL over the smooth and riblets plate
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Tablel Drag reduction parameters of the TBL at the free-stream velocity of 0.19m/s over the smooth and riblets plate

Yli(Riblets plate) P-4 (Smooth plate)

I HRIE U, (mis) 0.19 0.19
A Rey 161932 161932
B [ EEGAE U, (m/s) 0.009178 0.009868
RETHIE BT 7, (kg/m - s7) 0.084085 0.097194
TS IES (ol 0.005273 0.005907
IR BH 2 (%) 10.73
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Fig.3. Instantaneous vortex structures recognized by the Q-criterion (left: smooth plate; right: riblets plate)
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Fig.4. Instantaneous vortex structures recognized by the Q-criterion (left: smooth plate; right: riblets plate)
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On the Hierarchical Visualization of Coherent Structures of Turbulent Boundary

- - )
Layer over a Drag-reducing Riblets Surface®
Li Shan™?, Yang Shaogiong”, Tian Haiping”, Wang Qingyi~, Jiang Nan™"*
“(Department of Mechanics of Tianjin University, Tianjin 300072, China,)
“(Tianjfin Key Laboratory of Modern Engineering Mechanics, Tianjin 300072, China)

* (State Key Laboratory of Nonlinear Mechanics, Institute of Mechanics, CAS, Beifing 100190, China,)

Abstract: Time series of velocity vector fields at the free stream velocity of 0.19m/s (dimensionless peak-to-peak
space s* ~21) in the turbulent boundary layers over the smooth/riblets Plexiglas plate were experimentally
measured by utilizing the time-resolved particle image velocimetry (TRPIV) technology. A nearly 11% friction
reduction rate were obtained by comparing with the corresponding physical quantities of the two plates. Based on
the Euler methods, this paper focused on the identification of the near-wall vortex structures by using the
Q-criterion and A - criterion to analyze the differences of the distribution of instantaneous vortex structures and
their evolution in the drag-reducing riblets boundary layer. Results show that the instantaneous vortex structures
that are recognized by the Q-criterion appear in pairs within the boundary layers over such two different flat-plate
surfaces. However, the vortex cores were smaller and their intensities were weaker over the drag-reducing riblets
surface. Besides, the instantaneous vortex structures based on the A - criterion to be recognized over the smooth
flat-plate turbulent boundary layer appeared in vortex packages with greater intensity, while the instantaneous
vortex structures uniformly distributed over the drag-reducing grooved surface with an outside-shift of their
wall-normal position and weaker vortex intensity. Furthermore, distributions of the instantaneous vortex structures
found in the outer region of the boundary layer were almost unchanged, which also showed that effects of the

drag-reducing riblets to the flow field were confined in the near-wall region.

Key words: Turbulent boundary layer, Drag-reducing riblets, Q-criterion, A - criterion, Linear stochastic

estimation
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