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Fig. 1 Spring-damper contact model
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Table 1 Principal dimensions of the scale ship model
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Fig.3 Computational domain and hull mesh generation

BET URBRAS 2 R R R AR B AN 8 B kA
BYR) 2 i A8k, O T A TR, B UKo
R /NFTEAR — 2, AR RS 1A IETT IR
T, K BRSO 2 o o SR U ERE
TS 5 oA 7 AL e DK, W S5 7 1) 1 JEE BEATL PRy e oK
Ko FPF I A8 A QAR AF LA AR 32 B
— R A, X8 g n] DU A SR b S
) —A> 5B, TR CRURE DA i 88 55 b HEAT A, A
[[ES: 8% Sug 8

22 WHEHZEWIE

e HOSCHR [9] Fh B9 ELAL T B0 A R 3 56 45 2R X
ARSI A BRI AT Y0 U o AN USSR A i KR
RIESRAW A ANIDE | BV R O N ik SR 1 S/ S

Fz2 BKBREESH

Table 2 Main parameters of the brash ice particle
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Fig. 4 Comparison between test values and numerical simulation

results of hydrostatic and icebreaking resistance
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Study on ice load characteristics of polar ships during
oblique sailing based on discrete element method

YANG Xiaonan', SHI Haitian’, CHAI Wei"', LU Cheng’, FENG Peiyuan’, WU Da**

1 School of Naval Architecture, Ocean and Energy Power Engineering, Wuhan University of Technology,
Wuhan 430063, China
2 Marine Design and Research Institute of China, Shanghai 200011, China
3 National Engineering Research Center for Water Transport Safety, Wuhan University of Technology,
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4 Intelligent Transport System Research Center, Wuhan University of Technology, Wuhan 430063, China

Abstract: [ Objective ] As global warming accelerates the melting of sea ice, the Arctic region witnesses an
increase in ship navigation. The brash ice area, composed of brash ice of various sizes and shapes, is a com-
mon operational scenario for polar ships. Understanding the ice load characteristics of polar ships during
oblique navigation in brash ice regions is crucial. This can enhance ship navigation safety in the complex po-
lar marine environment, provide a reference for polar navigation route planning, and fill the gap in the current
research that mainly focuses on straight-sailing conditions. [ Method ] This study selects a specific type of
polar ship as the research object and utilizes the discrete element method (DEM) to predict the ice loads on the
ship during oblique navigation through brash ice regions. First, a numerical model of the target ship is estab-
lished. The model parameters include a ship model with a scale ratio of 60, a total length of 2.04 m, a beam of
0.37 m, and a design draft of 0.13 m. The ice particles have a density of 917.0 kg/m?, a Poisson's ratio of 0.3,
and other specific properties. The accuracy of the model is verified by comparing it with the experimental re-
sults from the literature under the straight-sailing condition. Then, different oblique-sailing angles (0° —15°),
speeds (0.6, 0.7 m/s), and ice thicknesses (0.011 67, 0.014 97 m) are set. The ice-load calculation is carried out
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based on the momentum conservation equation, angular momentum conservation equation, and the linear
spring contact force model in the DEM. [ Results | The results show that as the drift angle increases, the ice-
breaking resistance and lateral force on the ship increase non-linearly. For example, at a speed of 0.6 m/s, an
ice concentration of 70%, and an ice thickness of 0.014 97 m, when the drift angle is 15°, the ice-breaking re-
sistance and lateral force increase by 4.25 times and 6.04 times respectively, compared to the straight-sailing
condition. In terms of speed, when the drift angle is between 0° and 10°, the ice-breaking resistance increases
slowly, but when it exceeds 10°, it increases significantly. The lateral force also increases non-linearly, and the
influence of speed on the lateral force is more significant than whether the ship is on the ice-facing side. Re-
garding the influence of ice thickness, when the drift angle is greater than 10°, the ice-breaking resistance and
lateral force increase significantly as the ice thickness increases. [ Conclusion ] In conclusion, this research
provides reliable data support for the safety assessment of ships during oblique navigation in polar brash ice re-
gions. It offers a valuable reference for predicting and studying ice loads on polar ships under such conditions.
Ship operators should be cautious when increasing speed or entering thicker ice areas, especially when the drift
angle is greater than 10°. This is to avoid potential risks caused by sudden changes in ice-breaking resistance
and lateral force, ensuring the safe and stable navigation of polar ships in complex ice-covered waters.

Key words: polar ship; icebreakers; discrete element method; oblique sailing; ice load; brash ice; finite
difference method
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