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Calculation on Manoeuvring Motions of Ships in Non-uniform Flow

by
Kyong-Ho Son* -

Su-Won Yoon**

Abstract

Generally, the non-uniform flow with varying speed distribution can be formed near narrow straits

or waterways. One of the most dynamic modes of capsizing can occur as a result of manoeuvring

of ships in non-uniform flow.

This paper covers the investigation into the factors affecting the likelihood of severe ship motions

in non-uniform flow. Digital simulation of manoeuvring is carried out in order to predict conditions

which could lead to severe ship motions in non-uniform flow. Hydrodynamic force derivatives of a

container ship are used.

Finally, possible conditions of severe ship motions are suggested and guidelines for reducing the

liability to capsize are given both for the ship operator and the naval architect.
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Table 1 Principal dimensions of container ship

ITEMS |ACTUL | MODEL
Hull
Length B.P. L(m) 75.00 3.00
Breadth B(m) 10. 87 0.435
Draft Fore (m) 3.42) 0.1371
Aft (m) 3. 85/ 0.1543
Mean d(m) 3. 65| 0.1457
Displacement volume (m?) 1669. 70/ 0. 10686
Height from keel to transverse 4.45! 0.1781
metacenter KM(m)
Height from keel to center of 1.98] 0.07912
buoyancy KB(m)
Block coefficient Cs 0.559
Prismatic coef. Cr 0.580
Waterplane area coef. Cw 0. 686
Midship section coef. Cu 0. 966
L.C.B. from F.P. 0.518L
Radius of gyration about z-axis 0.24 L
Bilge keel
Keel length (m) 18.75 0.75
Depth (cm) 19.25 0.7714
Rudder |
Area Ag(m?) 6.06 0.00971
Height H(m) 3.32 0.133
Aspect ratio i 1.8219
Area ratio Ar/Ld 1/45.0
Propeller
Diameter D(m) 2.8 ‘ 0.112
Pitch ratio ? 1. 009
Expanded ratio 0.67
Boss ratio 0.18
Number of brades 5
A
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Table 2 Hydrodynamic derivatives and coefficients
a) Hull only
m’ 0. 00792 Y. —0.0116 N,/ —0. 0038545
m,’ 0. 000238 Y, 0. 00242 N,/ —0. 00222
my’ 0. 007049 Yy —{. 000063 N/ -—0. 0001424
I’ 0. 0000176 Yoo —0.109 N, 0. 001492
g 0. 0000034 Y. 0.00177 No’ —0. 00229
I’ 0. 000456 Yo 0.0214 N’ --0. 0424
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X' —0. 00311 Yoo 0. 009325 Ny’ —0. 0038592
X' —0. 00386 Y, —0.001368 N,y 0. 0024195
X’ 0. 0002 Yy 0.0 ly =(KM—GM—KB)/L
X4 —0. 000‘7 KT—O 52(—(] 455J Ny =my1y —m.'l,
b) Propeller and rudder
n 1. 999 rps xp —0.5 3 1.0
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(1—w,) 0.794 CRX 0.71
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