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Abstract: A heat transfer-pyrolysis model considering the compressible flow of pyrolysis gas was
established for phenolic resin-based composite materials to address the issue of neglecting the
compressible effect of product gas permeation in the existing models. In order to simulate the
compressible flow of pyrolysis gas, the compressible semi-implicit method for pressure linked
equations (SIMPLE) was employed to solve the complete Navier-Stocks equations, rather than

the incompressible Darcy equation commonly used in the existing models. The calculation method
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of pyrolysis degree was improved to enhance the accuracy of material property interpolation in the
pyrolysis region during the dynamic evolution of pore structure. A phenolic resin-based composite
material, phenolic aerogel composite material, was taken as an example. The pyrolysis kinetics
model was derived from thermogravimetric experimental data. Key calculation input parameters
of the material are measured before and after complete pyrolysis. The back temperature of the
material under heating at 1 000 ‘C was measured through a 10 kPa low-pressure thermal test. The
results indicated that the phenolic aerogel composite material had three main pyrolysis intervals:
200—550 °C, 550—800 C, and 800—1 200 °C. Before complete pyrolysis, the porosity was
0.568, and the permeability was 10°" m *. After complete pyrolysis, these values were 0. 484, and
107" m ? respectively. The calculation model showed good agreement with experimental results,
with a maximum relative error of 9. 2%. The phenomenon of pyrolysis gas permeating into the
cabin and forming enrichment areas negatively affected the thermal insulation of the material.
However, the low thermal conductivity and the thermal blocking effect of product gas still endowed the
material with excellent thermal insulation performance.
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