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Numerical simulation of the divisional characteristics of
ice resistance on the hull of icebreaker

DI Shao—cheng', LEI Jian—qi*, SHEN Da'
(1. College of Shipbuilding Engineering, Harbin Engineering University, Harbin 150001, China;
2. China Ship Scientific Research Center, Wuxi 214082, China)

Abstract: Obtaining the divisional characteristics of ice resistance on the hull is the basis of hull form opti-
mization for icebreakers. At present, neither the real ship measurement nor the ice tank model test can effec-
tively obtain the divisional characteristics of ice resistances at each part of the hull. In order to explore the
ice resistance during the ice—breaking process, the icebreaker "XueLong 2" was taken as the research object
in this paper, and the ice force carried by each parts of the hull during the ice=breaking process was analyzed
by constructing a discrete element numerical model of the interaction of ship and ice. Firstly, a discrete ele-
ment model of level ice with random—arranged elements was established, and the microscopic parameters of
the model were calibrated according to the typical strength values of Arctic sea ice. Then, the ice resistance
of "Xuel.ong 2" calculated based on discrete element method was compared with that based on Lindqvist em-
pirical formula. On this basis, the ice force value of each region of the hull was obtained through calculating
zonally the ice force in the interaction process of ship and ice. The calculation results show that the ice—
breaking resistance accounts for a large proportion among the ice resistance of the hull generated in the ice—
breaking process, and the friction resistance caused by the slip of crushed ices is relatively small. The ice re-

sistance of the hull is mainly generated in the area of bow, and the stem bears a significant ice—breaking
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load. The divisional calculation method of ice resistance of icebreaker established in this paper can provide
technical support for the hull optimization based on ice—breaking capability.

Key words: ice resistance; ice load; hull partition; level ice; discrete element method
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Fig.4 Contour plot of relationship between macro—strength values and meso—strength values
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Fig.7 Ice breaking process of “XuelLong 2” icebreaker simulated with discrete element method (Ice thickness is 1.5 m)
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with discrete element method (Ice thickness is 1.5 m)
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Tab.1 Major computational parameters used in Lindqvist empirical formula for
the calculation of ice resistance of “XueLong 2” ice breaker

RS ¢ HKSEL AE
ffE 95 Wim 223 PP E/GPa 55

27K Dim 7.85 L5 o /MPa 0.55
KZK Lim 114.5 HEL/N =" 0.33
FEFEAR /e 20 VK E p/(kgm™) 880
K S Bre 40 WV 2R B 0.15
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Tab.2 Comparison of ice forces between simulation with DEM and calculation by Lindqvist formula
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Tab.3 Comparison of ice forces at different hull divisions under various ice thicknesses
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