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Numerical simulation of icing on the surface of ship's vertical
structure due to the impact by multiple water droplets

WANG Yong—kui, LI Feng, WANG Chun—yang, ZHANG Shu—jie, XUE Yan—zhuo, WANG Qing
(Harbin Engineering University, Harbin 150001, China)

Abstract: The phenomenon of icing on the surface of superstructure of ships and marine structures is the
result of a large number of water droplets impacting on the cold wall surface to form a water film and then
accumulating ice. And surely, at a high wind speed more water droplets often collide with vertical structures.
The movement and freezing behaviors of water droplets can have a significant effect on the icing process and
final icing shape on the surface of the structures. Based on the VOSET gas-liquid interface tracking method
coupling with VOF and Level-Set, and Enthalpy-Porosity phase change method, a unidirectional coupling
model between water droplets and isolated cold plate was established using the large coefficient method.
Simulation of the freezing process of a single water droplet impacting an isolated cold plate was achieved,
and the phenomenon of the air entrainment was reproduced. The effects of factors such as water droplet
velocity, component surface wettability on the freezing process were analyzed. The process of multiple water
droplets impacting a vertical structure surface to form a liquid film and freeze was further simulated. The
relevant results can provide technical support for the prediction of the typical component surface icing of
superstructure and the study of anti-icing and de-icing methods.
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Fig.1 Physical process of the sea water droplet icing
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Tab.1 Physical parameters of gas, liquid and solid phases

S8 B 2 (25C) alik (25°C) gk (0.1°C) afiyk (-0.1°C)
WIVE L kl/kg / 333.4 333.4 /
K Pa-s 17.894 1153.8 1791.1 /
Rk W/(m-K) 0.0255 0.589 0.561 2.16
W kg/m’ 1.225 999.1 999.8 916.7
Fedte J/(kg'K) 1005 4190 4220 2100
FK RS o m-N/m / 72.74 75.65 /
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Fig.3 Morphological comparisons of supercooled water droplets during movement ( Experimental images from Ref. [24] )
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Fig.6 Air bubble entrapment after water droplets impinging on the cold plate
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Fig.7 Influence of different variables on the dimensionless spreading frontier
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Fig.8 Motion-freezing process of water droplets with different initial velocities
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Fig.9 Motion-freezing of water droplets after impacting surfaces with different contact angles
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