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Abstract

The near-wall flow structures of turbulent boundary layer over riblets having semi-circular grooves were
investigated experimentally for the drag decreasing (s*=25.2) and drag increasing (s*%40.6) cases. The field of
view used for the velocity field measurement was 6.75 X 6.75mm’ in physical dimension, containing two
grooves. One thousand instantancous velocity fields over the riblets were extracted for each case of drag
increase and decrease. For comparison, five hundreds instantaneous velocity fields over a smooth flat plate
were also obtained under the same flow conditions. To see the global flow structure qualitatively, the flow
visualization was also performed using the synchronized smoke-wire technique. For the drag decreasing case
(s*=25.2), most of the streamwise vortices stay above the riblets, interacting with the riblet tips. The high-
speed in-rush flow toward the riblet surface rarely influences the flow inside the riblet valleys submerged in
the viscous sublayer. The riblet tips seem to impede the spanwise movement of the longitudinal vortices and
induce secondary vortices. The turbulent kinetic energy in the riblet valley is sufficiently small to compensate
the increased wetted area of the riblets. In addition, in the logarithmic region; the turbulent kinetic energy are
small or almost equal to that of a smooth flat plate. For the drag increasing case (s*=40.6), however, the
streamwise vortices move into the riblet valley freely, interacting directly .with the riblet inner surface. The
penetration of the high-speed in-rush flow on the riblets increases the skin-friction. The turbulent kinetic
energy is increased in the riblet valleys and even in the outer region compared to that over a flat plate.
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Fig. 1 Schematic diagram of test plate (unit: m).

Fig. 2 Geometry of riblet surface and coordinate system
(unit: mm).
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Table 1 Experimental conditions of this study.
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Fig. 3 Digital PIV velocity field measurement system.
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Fig. 4 Schematic diagram for synchronized flow visuali-

zation technique.
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zation.
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Fig. 7 Experimental apparatus for PIV measurement.
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Fig. 8 Signal diagram for PIV measurement.

V-sync. signat
from high-speed

Laser trigger
signal to pulsed

Fig. 9 Schematic diagram of the olive oil atomizer,

Fig. 8 & $E3 &N A3 F7) AZZR
HERd 22 #39 34 ZdYds ded e
€ A& 25ms o)t B ATFANME AN A
B Um3m/s o)A 160ps 2, U=5m/s A& 110ps 2
gt f% 4G ARG Ho|A ANE T
# dom Z ¥}HPOUZT PWFHOE U m3m/s oM
T Hd 62% 2 1.58%, Um=Smisollds Huj
78% H2A 325%9 YA F AA QA g
ol NEg WA Yrle AeE ¥y} =

A PAEE &YB 29§ Ao g
2 TAZNE GBF7R o) HA o Z Fig,
99 & YeZ Azt PIVEAH glo|A
A7t A7]9 @9 29 F U AE® FHE M
Aite Zo) MY HE F9dMEe Auol
gloy gy F WY $=4F 8] 8
Me &3 Y9 Y=g woor @} waly o
A3t Frlske] EWuE& EBAAIY setet
23, 7% #% 4= w4 He 37 f%e
5077 Umin o) 20, o] FANM A YA4E A
AART Y ¥92 oY UAY BF AA
£ 3um 2 fH 2F40] 448 Aoz vepgrh

3.4z & D@

Fig. 10& 6.75x 6.75mm*Z 7] 9] ¢V (yz B
el M H#R AR ¢ AEE A8 A0E
Uebd Zelth Hgo] Fotshe 7 -$(s*=40.6)9)
Fdatte F(s'=252) BF ¥ GHE o 303 E
o Hle¥ 27)9] s} ElENH W@ AR Y
AHE & & F Uk gEM Age] AR
Agde o 7t /Y HFEG AA Ho



Ry @R AR dRBAEY fE FE AT 841
Flat plate

Riblet

(a) Drag decreasing case: §*=25.2
Riblet Flat plate

(b) Drag increasing case: s*=40.6

Fig. 10 Flow visualization images of sreamwise
vortices.

Fig. 11 Riblet tip effect for the drag decreasing case.
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(b) Drag increasing case: s*=40.6
Fig. 12 Instantancous velocity fields over riblets.
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Fig. 13 Distribution of vorticity centers.
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Fig. 15 Contour plots of turbulent kinetic energy.
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Fig. 16 Comparison of turbulent kinetic energy profiles.
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