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Fig. 1. Schematic diagram of experimental plates: (a)
Smooth plate; (b) riblets; (c) s-riblets.
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Fig. 2. Cross section of s-riblets: (a) Left view; (b) top view.
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Fig. 3. Schematic diagram of experimental setup: (a) case 1;
(b) case 2.
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Table 1.  Basic parameters and results for turbulent boundary layers over test plates.

T.5 Ue /mst 4 /mm Re~, ur fem-s! Tw/kg - (m-s2)~! Cy DR /%
FAR 0.1 70.2 337.8 0.4713 0.02216 0.004442 0
2DVA Y 0.1 71.6 337.1 0.4611 0.02121 0.004252 4.29
S-VakE 0.1 71.6 336 0.4596 0.02108 0.004224 4.87
A 0.2 66.4 661.4 0.9756 0.09497 0.004759 0
2DVEFY 0.2 67.8 645.3 0.9322 0.08671 0.004345 8.70
S-Va1E 0.2 68.5 648.1 0.9266 0.08566 0.004293 9.80
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/ y Re,, = 661.4
“/- Re,, = 337.1 7
5 {/ 5 / Re,, = 645.3
e Rers.r = 336 e Res, = 648.1
0 MR AR | L0l ERET O Lol Lol EET!
1 10 100 1000 1 10 100 1000
y* y*
Bl 4 AS[RVEE If 3 Y 00 G i) ST 349 38 1 ) T

Fig. 4. Mean velocity profiles in TBL flows over test plates.
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Fig. 5. Distribution of turbulent intensities over test plates.
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Fig. 6. Distribution of Reynolds shear stress over test plates.
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Fig. 7. Correlation coefficients of the streamwise fluctuation in = — y plane over test plates.
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Influence of sinusoidal riblets on the coherent structures in
turbulent boundary layer studied by time-resolved particle
image velocimetry”
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2) (Pilot National Laboratory for Marine Science and Technology, Qingdao 266237, China)
( Received 19 October 2018; revised manuscript received 16 February 2019 )

Abstract

Drag reduction by riblets has drawn the attention of many researchers because of its low production cost
and easy maintenance. But due to the fact that the rather low drag reduction riblets can offered, an easy
modification to the structure of riblets to improve the performance would be more than necessary. In this work,
an investigation of the influences on coherent structure of straight riblets and sinusoidal riblets (s-riblets) in a
turbulent boundary layer (TBL) at various Reynolds numbers is carried out experimentally by using the time-
resolved particle image velocimetry (TR-PIV). It is found that the skin friction of the turbulent boundary layer
is reduced close to the wall, and the logarithmic velocity profile shifts upwards over riblets and s-riblets. The
turbulence intensity and Reynolds shear stress are also reduced in the near wall region compared with the
scenario of the smooth case, and a better performance on drag reduction is obtained over s-riblets. Coherent
structures including hairpin vortex and low speed streaks are extracted over test plates by using the correlation
coefficient and A.; vortex identification method, to study the mechanism of drag reduction caused by riblets. It
is shown that the spatial scale of coherent structure in streamwise and wall-normal direction decrease over
riblets and s-riblets to various degrees, the inclination angle between the mainstream and coherent structure
also decreases, meaning that the wall-normal movement and upwash motion are suppressed over riblets and s-
riblets. Results from the conditional sampling method demonstrate that the induction of ejection and sweep
motions by hairpin vortex are inhibited over riblets and hence the exchange of energy and momentum and the
self-sustaining mechanism in turbulence are influenced. Furthermore, at the same Re,, the spanwise spacing of
low speed streaks turns wider with wall-normal position increasing. At the same 3T, a larger spacing is seen
over riblets and s-riblets, implying that spanwise movement of the streaks is restrained and hence becomes more
stable.

Keywords: wall bounded turbulence, drag reduction, coherent structure, sinusoidal riblets
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