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Prediction of the Effective Thermal Conductivity of
Aerogel and Its Fiber-Loaded Composites
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Abstract: Different random microstructures of aerogels and their fiber-loaded composites were
numerically reconstructed to investigate their insulation performances. The lattice Boltzmann
method was adopted to calculate their effective thermal conductivities. Some experimental
measurements based on the hot disk method were conducted to determine the effective thermal
conductivities of the aerogels at different pressures. The results show that: the open-cell
microstructure with continuous skeleton is more suitable for the real structure of the aerogel than
the granular microstructure with discontinuous skeleton; the predictions of the effective thermal
conductivities based on the open-cell structure agree well with the experimental data, and the
deviations are within £10% ; the density of aerogels affects their effective thermal conductivities,
and there exists an optimal density value to minimize the effective thermal conductivity of a
aerogel; the effective thermal conductivities of the aerogel composites increase with the fiber
doping concentration; the increment of the effective thermal conductivity of the fiber-load aerogel
is the lowest when the fibers are laid in the plane vertical to heat flux.
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