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Abstract

In this paper, we present a detailed mechanism of drag reduction by dimples and roughness on a sphere by measuring the streamwise
velocity above the dimpled and roughened surfaces, respectively. Dimples cause local flow separation and trigger the shear layer
instability along the separating shear layer, resulting in generation of large turbulence intensity. With this increased turbulence, the
flow reattaches to the sphere surface with high momentum near the wall and overcomes strong adverse pressure gradient formed in the
rear sphere surface. As a result, dimples delay main separation and reduce drag significantly. The present study suggests that
generation of a separation bubble, ie. a closed-loop streamline consisting of separation and reattachment, on a body surface is an
important flow-control strategy for drag reduction on a bluff body such as the sphere and cylinder. In the case of roughened sphere, the
boundary layer flow is directly triggered by roughness and changes to a turbulent flow. Due to this change, the drag significantly
decreases. As the Reynolds number further increases, transition to turbulence occurs earlier on the sphere surface. Because of faster
growth of turbulent boundary layer by roughness, earlier transition thickens the boundary layer, resulting in earlier separation and drag

increase with increasing Reynolds number.
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Fig. 1 Variations of the drag coefficient as a function of Reynolds

number: O, smooth sphere (Achenbach®); A, dimpled sphere

(k/d=0.9<10"%; Bearman & Harvey'); [], roughened sphere (k/d =

0.5 X 10% Achenbachz); @, dimpled sphere (k/d = 0.4X10%

present); X, roughened sphere (k/d = 0.66X 107%; present)
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k =0.6 mm
a=13 mm

kd=04 x 107
392 dimples

(a)
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k=1mm
kd=0.67 x 107

Fig. 2 (a) dimpled sphere; (b) roughened sphere
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Fig. 3 Surface visualization of separation point using
oil-flow pattern: (a) dimpled sphere; (b) roughened sphere
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Fig. 4 Profiles of the mean streamwise velocity (@) and rms
streamwise velocity fluctuation (O) near the dimpled sphere:
(@) Re =1.0 x 10%; (b) Re = 1.5 x 10%; (c) Re = 2.0 x 10°
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Fig. 5 Energy spectra of the streamwise velocity at the radial
location of maximum rms velocity fluctuations near the dimple
1T and 111 for Re = 1.0x10°
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Fig. 6 Profiles of the mean streamwise velocity (@) and rms
streamwise velocity fluctuation (O) near the roughened sphere
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turbulence generation by
the shear layer instability
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Fig. 7 Schematic of drag reduction mechanisms of (a) dimpled
sphere; (b) roughened sphere
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