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Experimental study on coherent structure passive control and
drag reduction in turbulent boundary layer with grooved surface

CHANG Yue feng"?, JIANG Nan"?

(1. Department of M echanics;~Tianjin University, Tianjin 300072, China;
2 Tianjin Key Laboratory of ‘M odern Engineering Mechanics, Tianjin 300072, China;
3 Shandong Institute of Business and T echnology, Yantai 264005, China)

Abstract: The measurement technique of constant temperature anemometry was used to
study experimentally'the mechanism of drag reduction in turbulent boundary layer with riblet
surface. T imesequence signals of longitudinal velocity component and normal velocity com-
ponent across turbulent boundary layer in the wind tunnel over riblet surface and smooth
surface have been finely measured by IFA300 constant temperature anemometer with resolu-
tion higher than Kolmogorov scale, together with single hotwire sensor probe and double
hot-wire sensor probe. The ejection and sweep process of coherent structure burst event
were identified by wavelet coefficients of longitudinal fluctuating velocity component.
Phased average waveforms of longitudinal and normal fluctuation velocity, as well as Reyn-
olds stress component of coherent structures burst in turbulent boundary layer were extrac
ted by the conditional sampling technique. The statistic characteristics of coherent structure,
such as burst period, phased average waveforms over riblets surface and smooth surface tur-

bulent boundary layer were compared to clarify the effect of drag reduction over V-grooved
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riblets surface. The mechanism of drag reduction in turbulent boundary layer over V-grooved

riblets surface was studied from the view of multrscale coherent structure passive control.

Key words: aerospace propulsion system; wall turbulence, multi-scale coherent struc

ture, wavelet transform, riblet surface, drag reduction
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Fig. 2 Schematic of flat plate with riblets surface
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Fig. 3 Mean velocity profile of turbulent boundary layer over smooth and riblets surface with different

free stream coming velocities
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Table 1 Skin friction velocity u , skin friction shear stressl, and skinfriction coefficient C;

over smooth and rilets_surface

Ul (m/s) 1.79 1.79 1.79
Re, 937579, 3 93579.3 93579.3
u-/ (m/9) 0-100 387 0. 100 652 0.103 622
T,/ (kg/ msd) 0-011 542 0. 011-603 0.012298
G /1072 0.566 8 0.574 2 0. 609 5
1% 7.0t 5.79
2 2 47 (m/'s) s T, G

Table 2 Skin friction velocity#- , skin friction shear stress T, and skin friction coeffident C;

over smooth and rilets surface

Ul (m/s) 2.47 2.47 2. 47
Re, 123 809.5 123 809.5 123 809.5
we / (m/s) 0. 130 827 0. 130 786 0.133 067
T,/ (kg/ ms?) 0. 019 640 0. 019 628 0.020 319
G /11072 0.549 7 0.550 5 0.576 9
/ % 4.72 4.58
3 379/ (m/ s) s T, G

Table 3 Skin friction velocity u- , skin friction shear stress T,, and skin friction coeffident C;

over smooth and rilets surface

Uo/(m/s) 3.79 3.79 3.79

Re, 173 877.4 173 877.4 173 877.4
u«/(m/ s) 0. 181 367 0.182 116 0.183 518

T,/ (kg/ ms?) 0. 037 696 0. 038 008 0.038 595
G /1102 0.5326 0.536 9 0.547 7

/ % 2.76 1.97
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Fig. 7 Conditional phase-averaged waveforms of

longitudinal velocity during eject and sweep
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Fig.8 Conditional phase-averaged waveforms of

transverse velocity during eject and sweep
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Re.= 173 877. 4

4 a=9

)

Table 4 Burst period of coherent structure over

smooth and riblets surface

. t/ t/ t/
Y (2010°5) \ (2+\10-%5) (2 10-55)
5. 18 608 576 640
6. 41 608 576 608
7.95 576 576 608
9. 50 544 576 608
13. 82 576 576 576
20. 00 576 576 576
3
v
IFA300 X
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