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Hull form optimization of wave-making resistance in
different speeds for a luxury cruise ship
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Abstract: [ Objectives ] For the hull line optimization design of luxury cruise ships, except for its aesthetic
needs, it is of utmost important for the design and optimization of the hull form to be able to acquire resistance
performance throughout the whole sailing period at variable speeds. This is in line with today's requirements of
energy saving, safety and comfort features. [ Methods ] Based on the in-house hull form optimization design
software OPTShip-SJTU, a luxury cruise ship is regarded as the initial hull to reduce its wave-making resist-
ance at variable speeds. The hull form deformation is then implemented by the free-form deformation (FFD)
method and the resistance evaluation is carried out by the Neumann-Michell (NM) potential-flow-based solver
NMShip-SJTU to obtain the optimal hulls using optimization algorithms. Finally, the optimal hulls set at two
specified speeds are then chosen for further analysis using the viscous-flow-based solver naoe-FOAM-SJTU in
order to verify that the optimal hulls do have better total resistance performances at the two specified
speeds. [ Results ] Results show that using NMShip-SITU solver to do the optimization is more efficient and
the two optimal hulls having a 0.65% and 0.98% total drag reduction respectively. [ Conclusions ] The re-
search indicates that the simulation-based hull form optimization process can be applied in the optimization of
resistance and even comprehensive performances for the luxury cruise ships.

Key words: luxury cruise ships ; multi-speed hull form optimization; wave-making resistance; OPTShip-
SITU; NM potential flow theory; naoe-FOAM-SJTU
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Fig. 6 Main view of luxury cruise ship
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Table 1 Main dimensions of luxury cruise ship
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%8 B/m 0.932
R D/m 0.206
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min f; = C,, (Fr = 0.171 15) (19)

min £, = C,, (Fr = 0.209 18) (20)
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Fig. 7 Schematic diagram of FFD lattices of luxury cruise ship
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Table 2 Definition of optimization case
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Fig. 9 Distribution of different design variables in design space
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Fig. 10 Pareto front of wave-making drag coefficient
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Table 3 Design variable values of optimal hulls

WitAr e OPT1I (RFrRAL)  OPT2 (HFrikfl)

X, 0.005 5 0.000 8
Y, 0.006 9 0.009 7
Z ~0.003 2 ~0.003 2
Y, -0.024 0 —0.024 1
Y, -0.0175 0.019 3
Z, ~0.003 9 0.003 9
Y, 0.0198 —0.0183
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Fig. 11  Comparison of hull lines between optimal and initial hulls
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Fig. 12 Comparison of wave elevation between optimal and initial

hulls by NMShip-SITU
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Table 4 Comparison of total resistance between initial and
OPT1 hulls at Fr=0.171 15

FHL 7 53 JE G AR OPT1 R/ %

FEBR 71N 2.76 2.48 9.99
FEHEFH J1/N 24.98 25.07 —0.38

MEHAIN 27.69 27.30 0.65

&5 FAARELS OPT2 MULAREIE S REARTLL ( Fr=0.20918)
Table 5 Comparison of total resistance between initial and
OPT?2 hulls at Fr=0.209 18

FH 73 53 JER AR AT OPT2 R/ %

R JI/N 4.54 4.16 8.27
PEEREII/N 35.47 35.46 0.04

SPFEJIN 40.01 39.62 0.98
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