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Cruising performance of ships with large superstructures in heavy sea
— 2™ report: Added resistance induced by wind and waves, and optimum ship routing ~

by  Toshifumi Fujiwara, Member
Yoshiho Ikeda, Member

Michio Ueno, Member

Summary

The steady-state cruising performance of a large passenger ship and a PCC under heavy wind and waves are presented in this paper.
These kinds of ships have specifications with very large hull and superstructures above sea level. Strong wind causes large drift,
heel and rudder angles to ships and exerts great influence on the ships’ cruising performance. From safety and economical aspects
the assessment of added resistance under such wind and wave loadings is very important for those ships. Formulation of the
steady-state equations is based on the MMG model for a ship manoeuvring simulation to obtain the steady ship condition. The wind
and wave loads on the ships are calculated using the latest methods proposed by the authors. From this analysis, the special
specifications of the steady condition for the large passenger ship and the PCC are clearly understood. Moreover, speed loss and
DHP increase of those ships in the sea around Japan are revealed in this paper. It is cleared in the calculated results that wind effect
has a very important role for the ships with large superstructures. Finally using the results of steady-state cruising performances, the
optimum ship routing in wind and waves is presented by the dynamic programming method in order to find the route for reducing

the navigating time of the ships.
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Fig. 1 Coordinate systems and definitions of force/moment sign
convention for ship hull loading
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Table 1  Principal ship particulars for large passenger ship s0 ] CarlPS e 10C,LPS | _
(LPS) and pure car carrier (PCC) | C‘r{‘;g e, e
1S Tpec = e |7
LPS | PCC LIPS | PCC o ' J

Loa(m) | 2757 | 190.0 Cs | 0710 | 0540
Lpp(m) | 2422 | 1800 | As(m®) | 1600.7 | 885.0
B(m) | 360 322 | A (m) | 101894 | 43915
d(m) | 840 820 | H (m) | 37.0 23.1
W (ton) | 52001 | 25665 | Dp(m) | 5.50 547
GM (m) | 1.78 170 | Ag@d) | 321 37.7
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Fig.2 Side profiles and body plans of (a) LPS and (b) PCC
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Fig.3 Wind force and moment coefficients of LPS and PCC
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Fig. 4 Longitudinal wave force coefficient of (a)LPS and (b)
PCC in different wave directions
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Fig. 5 Weather condition for significant wave height /, ., wave

period T, and length A for steady wind velocity U, with
Beaufort number (BN )
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Fig. 6 Calculated results of ship speed loss, drift, heel and rudder
angles for LPS in wind and waves
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Fig. 7 Calculated results of ship speed loss, drift, heel and rudder
angles for PCC in wind and waves
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Fig. 8 Separated components of non-dimensional force

induced by wind and waves on LPS in U/, =30m/s (HO; Hull
resistance, H ; Drift and heel effect on hull resistance, P ;
Propeller thrust, R ; Rudder and A ; Wind forces, WO ;
Resistance increase caused by ship motion, W1; Wave drift
force, KB ; Buoyancy)
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Fig. 9 Resistance ratios of longitudinal force component
induced by wind (A) and waves (W) for (a) LPS and (b) PCC
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Fig. 10 Differential delivered horce power (DHP) compared witl
those in no external forces for (a) LPS and (b) PCC in wind anc
waves
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