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Efficient ship hull multi-objective optimization method
considering ice resistance and calm water resistance

WANG Shichao, LIU Gang’
School of Naval Architecture Engineering, Dalian University of Technology, Dalian 116024, China

Abstract: [ Objective ] To address the impact of ice-covered environments on ship performance and the lim-
itations of traditional optimization methods based on empirical formulas for ice resistance, a precise ship
design optimization method based on CFD & DEM is proposed to optimize both ice resistance and calm water
resistance. [ Methods ] First, calm water resistance and ice resistance are calculated based on the CFD and
CFD & DEM methods, and an innovative hybrid multi-island genetic algorithm (HMIGA) is introduced to
simulate realistic ice fields. Next, an efficient surrogate model is established using XGBoost, followed by the
execution of the NSGA-III algorithm for optimization. Finally, the method is validated using the KCS stand-
ard model. [ Results ] The results show that the optimized ship design achieves a 10.58% reduction in ice res-
istance and a 2.32% reduction in calm water resistance. The optimized ship experiences lower peak loads and
further reduces ice resistance by generating waves to push away floating ice. [ Conclusions ] The proposed
method comprehensively considers the effects of flow field and ice field randomness on the optimization res-
ults, leading to more accurate and effective improvements in ship ice resistance and calm water resistance. The
introduction of HMIGA and XGBoost enhances the practical application of the method, providing valuable
guidance for the future optimization design of ships operating in ice-covered environments.

Key words: naval architecture; hull form optimization design; multiobjective optimization; computational
fluid dynamics; discrete element method; hybrid multi-island genetic algorithm; ensemble learning
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Table 1 Main parameters of KCS ship
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Fig. 4 Presentation of mesh refinement at the ship's side and bow
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Table 2 Grid independence verification results
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Fig. 5 Validation of numerical simulation results
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Fig. 8 The overall process of ship hull optimization method
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Table 4 Design variables and their range of deformation

AT IX 45 Bl A a7 A5 T 915 FBl/m
x1 z [0.09, 0.09]

BREL i X 35 X2 x [-0.15, 0.15]
x8 y [-0.10, 0.10]

TR ERAR T X 45k X377 X6 ¥ [-0.10, 0.10]
REFE A X7 x [-0.15,0.15]
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Fig. 13 Comparison of regression performance of different surrogate models
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Table S Optimized hull form parametes

ZH HE ZH #H1E
x,/mm —82.51 Xs/mm 98.99
X,/ mm —26.60 X¢/mm 32.02
X3/mm —82.51 X;/mm —148.50
x,/mm 33.56 Xg/mm -99.00
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Fig. 15 Comparison of original and optimized hull forms
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Table 6 Comparison of resistance calculation results between

original and optimized hull forms
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Fig. 20 Transverse velocity field near the waterline
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