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Numerical calculation of ice force on ship’s oblique
motion in brash ice
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Abstract: Using the CFD-DEM numerical simulation method, this paper predicts the hydrodynamic forces
and ice forces on a ship sailing obliquely in brash ice region. The results show that, compared with the steady
and stable hydrodynamic component, the ice force in the time domain exhibits characteristics of unsteady and
random pulse groups. The mechanism of this feature was explained in the paper. Considering the large inertia
of the ship, this paper proposed to divide the ice force into low-frequency components for motion prediction
and high-frequency components for vibration and structural damage assessment based on the ship's steering
frequency. Since the filtered low-frequency ice force remains random, a "random sampling method" was
proposed alongside the conventional 'time averaging method', This new method extracts the ice force
corresponding to different drift angles or angular velocities from the time-domain curve for analytical
representation. Therefore, predicting the ship's maneuvering motion yields not a unique trajectory but a
probability band instead. The paper investigates the mechanism of ice force, filtering frequency selection
criteria, and a random sampling method of ice force. The findings can serve as a reference for
maneuverability prediction in brash ice.
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