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Experimental Investigation on the Drag Reduction Mechanism of

Outer-layer Vertical Blades Array using Stereoscopic Time-Resolved PIV

Inwon Lee*, Seong-Hyeon Park**, Ho-Hwan Chun**%*,

Arom Hwang**** and Nam-Hyun An*###*¥
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Abstract: A stereo PIV measurements in a circulating water channel has been performed to investigate the
skin friction reduction mechanism of the outer-layer vertical blades first devised by Hutchins. In a recent
PIV measurement study, considerable skin friction reduction was achieved as much as 2.73%~7.95% by
outer-layer vertical blades array. In the present study, the influence of vertical blades array upon the
characteristics of the turbulent coherent structures was analyzed by proper orthogonal decomposition
method. It is observed that the vortical structures are cut and deformed by blades array and also the
turbulent intensity and the Reynolds stress were weakened by the blades. These phenomena strongly
associate the skin-friction drag reduction mechanism in the turbulent boundary layer flow.
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Fig. 1 Streamwise development of local skin friction
coefficient (Park et al.”)
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Table 1 Measurement condition

Ugpg—yz Delay Frame
yz plane
(m/s) time(p1s) rate(Hz)

Base line

yz-0.5h 0.51 1,400 100

yz-1h 0.49 1,400 100

yz-3h 0.46 1,400 100

yz-5h 0.49 1,400 100

yz-7h 0.47 1,400 100

yz-9h 0.49 1,400 100
Blade

yz-0.5h 0.47 1,400 100

yz-1h 0.46 1,400 100

yz-3h 0.47 1,400 100

yz-5h 0.48 1,400 100

yz-7h 0.45 1,400 100

yz-9h 0.47 1,400 100
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Table 2 Cumulative sum of Energy (%)

P R
600

P R
800

L H10
1000

versus POD mode; (a) Base line

yZ_BLMOde 1 ond 3 4 5t 6"
yZ-O.Sh 10.5 | 17.0 | 224 | 26.1 | 29.5 | 32.5
yz-1h 113 | 17.5 | 22.7 | 26.5 | 29.9 | 32.8
yz-3h 149 | 22.1 | 26.1 | 29.5 | 32.7 | 352
yz-5h 139 | 204 | 24.8 | 28.1 | 31.5 | 343
yz-7h 193 | 243 | 285 | 32.0 | 353 | 382
yZ-9h 7.1 11.5 | 154 | 18.8 | 21.7 | 244

Table 3 Cumulative sum of Energy (%)

y2-Bla Mode 1| o | g 4 5t 6
yz-0.5h 93 | 13.7 174|204 | 23.0 | 253
yz-1h 12.8 | 18.6 | 22.3 | 25.1 | 27.7 | 30.0
yz-3h 140 | 21.4 | 253 | 28.7 | 31.5 | 343
yz-5h 15.6 | 20.5 | 24.1 | 27.6 | 30.5 | 33.2
yz-7h 153|194 | 22.8 | 259 | 28.6 | 31.0
yz-Sh 88 | 13.5 ] 17.5| 21.1 | 24.0 | 264
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Fig. 8 POD coefficient and POD mode vector of
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