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Direct numerical and large eddy simulations of transitional flows around studs installed on flat plate and bulbous bow have been
performed to investigate an effectiveness of turbulence stimulators on laminar—to—turbulence transition at a very low speed, The
flow velocity was determined to be 0,366m/s corresponding to 4 knots of full=scale ship speed when the objective ship was
Kriso container ship, The spatial evolution of skin friction coefficient disclosed that a fully development of turbulence was
observed behind the second stud installed on flat plate while a rapid transition from laminar to turbulence gave rise to the fully
development of turbulence behind the first stud installed on bulbous bow, A comparison of streamwise mean velocity profiles
showed that the viscous sublayer and log—layer were in good agreement with previous results although the friction velocity of
Smagrosinsky sub—grid scale model was about 10% larger than that of direct numerical simulation, While the turbulence
intensities of bulbous bow was similar to those of flat plate in inner region, larger intensities of turbulence were observed in
outer region of bulbous bow than those of flat plate,

Keywords : Large eddy simulation(CH& 2 2Af), Direct numerical simulation(ZI%] 4=X| 2Ap), Turbulence stimulator(=f& FX17]),
OpenFOAM(QEE), Transitional flow(F0| R=)
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Table 1 Principal particulars of KCS

Particulars Full scale Model scale
LBP (m) 230.0 7.2786
LWL (m) 232.5 7.3577
Draft (m) 10.8 0.3418

side

Fig. 1 Numerical domain for RANS simulation
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(a) 3D limiting streamline

(b) stream coordinate

(c) concave angle

Fig. 2 Numerical results of RANS simulations: (a)
limiting streamline on hull, (b) definition of
stream coordinate and concave angle of
streamline, (c) spatial evolution of concave
angle
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(b) large domain (zoom-in)
Fig. 3 Large domain size for 2D RANS simulations
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Table 2 Numerical conditions

flat plate bulbous bow
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outlet Neumann Neumann
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