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Abstract: The ice sheet in high-latitude low-temperature sea areas forms a natural concealed barrier for underwater
vehicles, while the coverage of sea ice alters the field domain characteristics of conventional sea areas, affecting the distribu-
tion of the corrosion-related static electric field (CRSE) of the underwater vehicle. As a critical underwater military target
feature of underwater vehicles, the CRSE accounts for a significant proportion of energy, and its derived extremely low-fre-
quency alternating electric field offers advantages for long-range detection. Investigating its distribution patterns in high-lati-
tude low-temperature sea areas is essential for advancing technologies in electric field detection, positioning, and stealth of
underwater vehicles. This study first constructs a multi-domain coupled physical model incorporating air, sea ice, seawater,
seabed, and the underwater vehicle. Based on the Laplace equation, the potential distribution and boundary conditions of
each domain are determined. Using COMSOL finite element software, a three-dimensional simulation model is established,
with key parameters such as electrical conductivity and permittivity assigned to components including sea ice, seawater, and
the underwater vehicle. Simulations are conducted to calculate the CRSE distribution of the underwater vehicle in seawater

and within the ice layer, with a focus on analyzing the influence of two core parameters—sea ice conductivity and thickness
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—on electric field potential and intensity. To validate the simulation results, a natural ice formation environment in high-lat-
itude low-temperature sea areas is simulated in a —15 °C cold storage. A scaled-down model of the underwater vehicle
equipped with an impressed current cathodic protection system is constructed. Using Ag-AgCl electrode arrays, the poten-
tial distribution in sub-ice water and within the ice layer is measured. The measured potential data are then compared with
simulation results. The study shows that the CRSE of the underwater vehicle is distributed both in seawater and within the
ice layer, with more significant field quantities observed in the ice layer, where the electric field exhibits a clear electric di-
pole distribution pattern. The presence of sea ice generally enhances the potential and electric field intensity in the seawater
domain, with lower conductivity and greater thickness of sea ice leading to more pronounced enhancement effects. Further-
more, the influence of sea ice on the longitudinal and vertical components of the electric field is significantly greater than on
the transverse component. Additionally, the ice layer provides a more stable environment and structure with minimal testing
interference, making it more conducive to high-precision electric field measurements compared to seawater. This study sys-
tematically reveals the influence of sea ice on the CRSE distribution of underwater vehicles in high-latitude low-tempera-
ture sea areas, filling a research gap in this field. It provides new insights for the practical application of electric field target
characteristics of underwater vehicles in such environments and lays a solid theoretical and experimental foundation for opti-
mizing stealth strategies and developing targeted electric field detection and early warning technologies. The findings hold

significant engineering value for enhancing the combat effectiveness of underwater vehicles and anti-submarine detection
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capabilities in relevant sea areas.
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Figure 1 = Underwater vehicle and field space display
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Figure 2 Simulation model construction and mesh segmentation
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Figure 3 Simulation results of current density and potential distribution

in near field of underwater vehicle
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Figure 4  Distribution of potential and electric field intensity in the waters below the underwater vehicle (z = =25.0 m)
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Figure 5 Distribution of potential and electric field intensity in the ice layer above the underwater vehicle (z = 25.0 m)
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Figure 6  Effect of sea ice cover on CRSE in underwater
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Figure 7 Influence of sea ice conductivity on CRSE of underwater vehicle
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Figure 8 Influence of sea ice thickness on CRSE of underwater vehicle
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Table 2 The average relative deviation of experimental and simulation data
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Figure 10  Comparison chart of experimental results and calculated results
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