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ABSTRACT: To investigate the turbulence characteristics within the boundary layer over a flat plate, an experimental study was performed using
a PIV technique in a circular water channel. For two water velocities, 0.92 and 1.99 mys, the water velocity profiles were taken and analyzed to
determine turbulent characteristics such as the Reynolds stress, Taylor micro-length scale, and Kolmogorov length scale within the defect law region
of the boundary layer. These analysis methods may be applied to research on the friction drag reduction technology using micro-bubbles or an air
sheet over the surface of a ship’s hull, because the physical reason for the friction drag reduction could be found by understanding the variation of

the turbulence characteristics and structures in the boundary layer.
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Fig. 1 High speed circular water channel
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Fig. 2 PIV Setup in Test section
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Table 1 Comparison of experiment and Hughes and Clauser for skin-friction coefficient

Uo 092 m/s 1.99 m/s
CASE Experiment Hughes Clauser Experiment Hughes Clauser
Cr 0.00384 0.00399 0.004 0.00319 0.003 0.003
AT Cr)el Azke} 3 vlastATtH(Table 1). Blo|EZ2F(Re) = B AFolA Fig. 29} Zo] HA2 H2EAH ZFZHE]
HE frdr 092m/sol1 A 147x10°, 19m/soll A 318x10°0]H, Ume  XEFEE 1.55m Aol BAIH o) glom, 1om Aol AAXI
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Fig. 3 Boundary layer structure
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Fig. 4 Turbulent boundary layer measured over the flat plate
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Fig. 5 Mean velocity profile measured over the flat plate
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Table 2 Flow properties in boundary layer

Mean velocities Properties Results
> 20.67 mm
5 254 mm
4 2 mm
0.92 m/s H 1.24
Re s 1840
U- 0.0411 m/s
Cr 0.004
’ 33 mm
5 3.8 mm
4 2.77 mm
1.9 m/s H 137
Re s 5373
U- 0.077 m/s
Cr 0.003
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Fig. 6 Velocity deficit profile
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