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Abstract

This article examines the scale effect of the flow characteristics, resistance and propulsion performance on a 317k VLCC, The turbulent
flows around a ship in both towing and self—propulsion conditions are analyzed by solving the Reynolds—averaged Navier—Stokes
equation together with the application of Reynolds stress turbulence model, The computations are carried out in both model— and
full-scale, A double—body model is applied for the treatment of free surface, An asymmetric body—force propeller is used, The speed
performances including resistance and propulsion factors are obtained from two kinds of methods, One is to analyze the computational
results in model scale through the revised ITTC' 78 method, The other is directly to analyze the computational results in full scale. Based
on the computational predictions, scale effects of the resistance and the selfi—propulsion factors including form factor, thrust deduction
fraction, effective wake fraction and various efficiencies are investigated, Scale effects of the streamline pattern, hull pressure and local
flow characteristics including x—constant sections, propeller and center plane, and transom region are also investigated, This study

presents a useful tool to hull-form and propeller designers, and towing—tank experimenters to take the scale effect into consideration,

Keywords : Scale effect(&&g 1)), CFD(TASA|ES), Flow characteristics(S=EA). Resistance(XE), Propulsion(FE), VLCC(CHESEAM)
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Table 1 Principal dimensions of a ship

Lep (M) 319.00
Breadth (m) 60.00
Draft (m) 21.00
Displacement (m®) 327,008
Table 2 Principal dimensions of a propeller

Diameter (m) 9.462

No. of blade 4
Chord length at 0.7Re (m) 2.521
P/D at 0.7Re 0.718
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Table 3 Grid information of self—propulsion computation

R, 7.305x10°  2.188x10°
Surface Hull 51,088 146,724
grids Rudder 7,356 27,816
No. of cells Total 4,603,760 21,884,680
y+ 93 420
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Table 4 Viscous resistance coefficient in towing condition

R, 7.305%10° 2.188x10°
Cwex10° 0.782 (19.7%) 0.367 (20.4%)
Cwex10° 3.198 (80.3%) 1.433 (79.6%)
cvx10° 3.980 (100%) 1.800 (100%)

1+k 1.255 1.292
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Table 5 Viscous resistance in self—propulsion condition

R 7.305x10° 2.188x10’
n (rps) 7.217 1.200
G x10° 1.229 (27.4%) 0.759(34.1%)
G X107 3.256 (72.6%) 1.467(65.9%)
c/x10° 4.485 (100%) 2.226(100%)

RetdoilMel n, TF Qg2 Table 60l Mzl
scale AlAF A2 T= 61.0KN(2.9%), Q= 123.0KN » m(5.1%)
AA FH™=|1 Aot ol AM scale A4l FD=0.00] ofd
FD=-137.3KN2| g2 AREEF Zoll 7|elsict

ot A

Table 6 Propeller rotative speed, thrust and torque at
self-propulsion point

R, 7.305x10°  2.188x10°
Cal. ITTC'78 Cal.
n (rps) 7.217 1.2003 1.1868
T (N) 22.35 2.091x10°  2.152x10°
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(b) R=2.188x10° and ny=1.200rps
Fig. 13 14Axial velocity contour of effective wake at model and full scales, and their difference
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