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The turbulence stimulation effect of studs for boundary layer over a flat plate was investigated through the flow measurement
in KRISO cavitation tunnel, For the test, Laser Doppler Velocimetry (LDV) and three flat plate models were used: (1) flat plate
without studs; (2) flat plate with one stud row; (3) flat plate with two stud rows, The dimension and location of stud rows and
the inflow speed were selected considering test conditions for standard—sized model ships in KRISO towing tank, The boundary
layer characteristics of test models were analyzed and compared in terms of mean velocity profiles, turbulence intensity profiles,
boundary layer thickness, and shape factor, In the case of the flat plate without studs, transition from laminar to turbulent flow
occurred around Re,=3.83 ~ 519 X 10° In the case of flat plates with stud rows, the flow rapidly changed into turbulent flow
right after passing the first stud row, In the state where turbulence was already developed, the second stud row slightly increased
the turbulence intensity near the top of the stud, but did not significantly affect the boundary layer characteristics such as mean
velocity distribution, boundary layer thickness, and shape factor,

Keywords : Turbulence stimulation(HR&%), Flat plate(BH), Stud(AEE), Properties of boundary layer(ZAIE £4), Cavitation
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Fig. 1 Photo of KRISO medium-size cavitation tunnel

Table 1 MCT specifications

Overall dimension 20.0L X 8.7H x 2.0B m®

Test section 0.6W X 0.6H x 2.6L m°

Max. inflow speed 12.0 m/s

Motor power 97 kW @ 1500 RPM

Pressure (abs.) 10 kPa ~ 200 kPa

2.2 Laser Doppler Velocimetry
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Table 2 LDV specifications

Wave length [nm] 532.0
Fringe spacing [um] 4.400
Focal length [mm] 500.0
Beam spacing [mm] 60.0
Beam diameter [mm] 2.6

Fig. 2 Photo of LDV & traverse system
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Fig. 4 Schematic of flow measurement location with LDV
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Table 3 Re(x10%at measurement locations

Table 5 measurement results with test models with LDV

No. Uy Uy No. Ui Uz
@ 0.60 1.80 @ 4.50 5.39
@ 1.01 2.99 4.70 8.78
® 2.02 4.39 ©® 4,97 1.4
® 2.96 4.69 5.24 12.6
® 3.83 4.89 @) 5.44 14.8
® 4.23 5.19 @® 5.64 16.8

= AToM lich A Z2 of2fl Table 401 FEISIACE

Table 4 Experimental conditions

Flow measurement device LDV

Flat plate w/o stud(FLP)
Flat plate w/ one stud

Test models row(WS1)
Flat plate w/ two stud
rows(WS2)
Inflow speed U1(0.73 m/s), Ux(2.20 m/s)
Rey

. 0.60 x 10° ~ 16.8 x 10°
at measurement locations
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Fig. 5 Photo of inflow speed measurement without test
models

Target Mean Turbulence
inflow speed difference intensity

0.7 m/s 1.2 % 1.2 %

2.2 m/s 0.9 % 1.2 %
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Fig. 8—a Turbulence intensity profile(y/hsuq) of FLP
(U;=0.73 m/s)
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Fig. 8-b Turbulence intensity profile(y/hswq) of FLP
(Up=2.2 m/s)
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Fig. 9-a Turbulence intensity profile(y/6) of FLP
(U4=0.73 m/s)
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