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Numerical Simulation of Diffusion and Flow in Fabrication of
Carbon/Carbon Composite Using Chemical Vapor Infiltration

Hye-gyu Kim*, Wooseok Ji*, Namchun Jo**, Jonggyu Park**

ABSTRACT: In this paper, a model is developed to simulate carbon/carbon composite fabrication using chemical
vapor infiltration, considering density and porosity change in the preform and multi-step hydrocarbons reactions. The
model considers the preform as a porous medium whose diffusion and flow properties changes due to the porosity. To
verify the theoretical model, two numerical analyses were performed for the case that the flow inside the preform is
zero and the case that the flow inside the preform is calculated by fluid mechanics. The numerical results showed

good agreement with the experimental data.
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Fig. 1. Schematic of CVI process and fiber growth mechanism
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Fig. 2. Surface area (red) and average pore radius (blue) of the
felt preform changing over its porosity [6]
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Table 1. Diffusivity calculation of chemicals in nitrogen

Molecular weight |  Diffusion Diffusivity (m?/s)
(g/mol) volume V; at 1350 K, 1 atm

N, 28.01 17.9 -

H, 2.01 7.07 9.6320x10°*
CH, 16.04 24.42 2.7909x10™*
CH, 28.05 40.92 1.9722x10"
C,H, 26.04 36.96 2.0883x10"
C.H, 78.15 90.68 1.1824x10™

Wall
Molecule i
Molecule j Wall
Pure molecular diffusion Pure Knudsen diffusion

SVANY <51

Mixed diffusion Mixed diffusion in porous medium

Fig. 3. Micro-scale diffusion mechanism for a gas molecule i, in
gas j and porous medium
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Fig. 4. Schematic of the hydrocarbon reaction chain in CVI [6]

Table 2. Gas reaction kinetic data
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Table 3. Surface reaction kinetic data

o E/RT
Reactions fa)
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Fig. 10. Velocity magnitude at time 30 h in flow-+diffusion case
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