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Study of the Mechanism of Electrostatic Accumulation and Current
Density Distribution Characteristics During Liquid Hydrogen

Pipeline Transportation
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Abstract; To address safety risk assessment challenges arising from unclear mechanisms of
electrostatic accumulation and undefined current density distribution characteristics during liquid
hydrogen pipeline transportation, the laws of electrostatic accumulation during transportation
were revealed by numerical simulation. A multiphysics coupling simulation model comprising the
flow field, charge field, and electrostatic field was established to explore distribution characteristics of
velocity, charge density, and current density of the near-wall region inside the pipe. A current

density boundary layer was defined to analyze its thickness variation law and influencing factors.
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Validation against experimental data indicated that the error of the established model was less than
4.14%. The study results showed that, owing to the presence of an electric double layer, charge
densities in the near-wall region and the main flow region differed markedly. In the composition
of current density in the liquid hydrogen pipe flow, the convective term was shown to dominate
over the conductive and diffusive terms, and a layered distribution of current density was
observed during development, characterized by progressive thinning of the layer. During liquid
hydrogen flow, there included a compact layer, a laminar sublayer, a diffusion layer, and a
turbulent boundary layer based on the principle that the relative thicknesses of the structures for
the electric double layer and the velocity boundary layer grow in order. Besides, electrostatic
potential was found to be maximal at the central axis of the pipeline and its gradient (hence
electric field intensity) increased toward the wall; the electrostatic potential at the central axis of
longer pipelines exhibited linear growth. The study is expected to provide theoretical support for
optimization and safety protection of liquid hydrogen pipeline transportation systems.

Keywords: liquid hydrogen pipeline transportation; electrostatic accumulation; current density

boundary layer; numerical simulation
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Fig. 1 Turbulent kinematic viscosity distribution
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