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Abstract: An improved method for generating the mesoscale of three-dimensional fibrous porous media and an overall numerical
method of D3Q19LBM are proposed in the article to simulate its heat transfer process under vacuum. Improved fiber mesoscopic
structural parameters were obtained through scanning electron microscopy, including core generation probability, fiber length, diameter,
directional angle, and coincidence rate. A calculation model for effective thermal conductivity under vacuum was established, and the
evolution equations and boundary conditions of D3Q19-BGK-LBM discrete velocity model, distribution function, and distribution
function were derived. We have conducted in-depth research on the influence of factors such as fiber diameter, length, and directional
angle on the effective thermal conductivity of fibers. Research has found that the effective thermal conductivity varies nonlinearly with
the volume fraction of fibers, and there is a minimum value. The effective thermal conductivity of fibers is inversely proportional to
their diameter and directly proportional to their length. The direction angle has an impact on the effective thermal conductivity, and the
closer the direction angle is to 90 < the lower the effective thermal conductivity of fibers. The reliability of this model was verified by
comparing it with existing experimental and theoretical data.
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