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Table 1 Experimental parameters of the TBLs over riblets

Uoo/(ms™1) u-/(ms1) §/mm Re st
0.38 0.017 4.7 84.4 8.1
0.68 0.031 66.5 134.4 14.5
0.80 0.036 64.4 153.1 17.1
0.94 0.043 62.4 174.1 20.1
1.06 0.048 60.9 191.7 22.7
1.19 0.054 59.5 210.3 255
1.35 0.061 58.0 232.6 28.9
1.42 0.065 57.4 242.2 30.4
1.48 0.067 56.9 250.4 31.7
1.58 0.072 56.2 263.8 33.8
1.62 0.074 55.9 269.2 34.7
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Fig. 2 Hfect of the peak-to-peak spacings$, on the drag of a
triangular riblet with 60 peak sharpneks
(the red circle the measuring point of this paper)
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st =8.1 (xx z 425 mnx160 mm)
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Fig. 4 Kelvin-Helmholtz-like rollers in thex — z plane of the TBL over
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Fig.6 Conceptual model of the Kelvin-Helmholtz-like roller structures

Bogt R oE T DO AR I AR ) A S
PP S a4 (Thermo and Fluid Mechanics—
Drag Reduction and Flow Control Groug /K - [ H.
(Faycal Bahriytt A SC 8 SR BY s R te, %
o, KK, R PSP (Basso Alessio)dt % L
W, - WiPL (Rkiouak Noura) EF - FHE (Phillip Co-
hen) 7t S 56 i A% T 25 1 i e BOR i ).

2 % X M

1 Brian D, Bharat Bl ity 8h % £ i R A sk L 70t . g
221, 2012, 42(6): 821-836 (Brian Dean, Bharat Bhushan. Shark
skin surfaces for fluid-drag reduction in turbulent flow: A review.
Advances in Mechanic2012, 42(6): 821-836 (in Chinese))

2 Bechert DW, Bruse M, Hage W, et al. Experiments on drag-reducing
surfaces and their optimization with an adjustable geométyrnal
of Fluid Mechanics1997, 338: 59-87

3 Choi KS. Near-wall structure of a turbulent boundary layer with ri-
blets.Journal of Fluid Mechanics1989, 208(1): 417-458

4 ER7E, AR, BROG. WAL AR SR ST, D)2
%, 2000, 32(5): 621-626 (Wang Jinjun, Lan Shilong, Chen Guang.
Experimental study on the turbulent boundary layer flow over riblets
surface Acta Mechanica Sinic&2000, 32(5): 621-626 (in Chinese))



% 3 W P EHBRSE 1) VAR BE THT i U320 S T2 N 2RI AR 3 - XM 25 45 K (K9 30 S s 533

5 ZR1li, MZRLE, ZER. VA RETIG IRL FUZ R TRPIV il )% ics, 2011, 678: 317-347
224, 2013, 45(2): 183-192 (Li Shan, Yang Shaogiong, Jiang Nan. 10 243, Zekl. & Wb IR ="—— R R 30 - Z I E 2% A
TRPIV measurement of drag-reduction in the turbulent boundary EMEING:. )% 5520k, 2014(06): 802-805 (Yang Shaogiong, Jiang

layer over riblets plateChinese Journal of Theoretical and Applied Nan. On Kelvin-Helmholtz instability in wave cloud$4echanics
Mechanics2013, 45(2): 183-192 (in Chinese)) in Engineering2014(06): 802-805 (in Chinese))

6 Yang Shaogiong, Li Shan, Tian Haiping et al. Coherent spanwise 11 Jiménez J. Turbulent flows over rough walsnual Review of Fluid
structures in turbulent boundary layer over drag-reducing riblets[J]. Mechanics2004, 36(1): 173-196
Transactions of Tianjin University, DOl 10.10872209-015-2526- 12 White FM. Fluid mechanics. Seventh Edition. New York: McGraw-
5 Hill Companies, Inc, 2011:513

7 Choi H, Moin P, Kim J. Direct numerical simulation of turbulent 13 Bechert DW, Bartenwerfer M. The viscous flow on surfaces with
flow over riblets.Journal of Fluid Mechanics1993, 255: 503-539 longitudinal ribs.Journal of Fluid Mechanics1989, 206: 105-129

8 Goldstein DB, Tuan TC. Secondary flow induced by ribldtsirnal 14 kR, A BRI Rayleigh® OARRGE. Ji2424R,
of Fluid Mechanics1998, 363: 115-151 1997, 29(2): 129-135 (Zhang Hongquan. Streamwise vortices in a

9 Garcia-Mayoral R, Jiménez J. Hydrodynamic stability and break- plane mixing layer and Rayleigh’s centrifugal instabiliycta Me-
down of the viscous regime over ribletdournal of Fluid Mechan- chanica Sinical997, 29(2): 129-135 (in Chinese))

(reth: #ikk)
(FriEs s 1A E)

FLOW VISUALIZATIONS ON KELVIN-HELMHOLTZ-LIKE ROLLER STRUCTURES IN
TURBULENT BOUNDARY LAYER OVER RIBLETS 1

Yang Shaogiong? Kwing-So Choi Jiang Nart**
*(Faculty of Engineering, University of Nottingham, University Park, Nottinghan? NeRD, UK)
(Department of Mechanics, School of Mechanical Engineering, Tianjin University, Tiz@{i672 China
**(Tianjin Key Laboratory of Modern Engineering Mechanics, Tiai§d0072 Ching

Abstract Riblets perform a drag-reducindtect on the turbulent boundary layers (TBLS) in a certain range of their
peak-to-peak spacings’,. However, the drag reduction produced by the riblets breaks downsifitecreasing beyond its
optimum value, and eventually the drag reduction becomes an increase case. Garcia-Mayoral and Jiménez (2011) believi
that the breakdown is due to the onset of a Kelvin-Helmholtz instability in the TBL over riblets, which introduces a kind
of Kelvin-Helmholtz-like roller structures. In the present study, these spanwise rollers, for the first time in experiments,
were clearly observed by the smoke flow visualization technique. And their conceptual model was outlined lastly as well.

Key words turbulent boundary layer, Kelvin-Helmholtz instability, Kelvin-Helmholtz-like rollers, riblets, flow visual-
ization
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