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Simulation of Oxidation Damage of Coating Crack on Carbon/Carbon

Matrix Materials
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Abstract: Carbon/carbon(C/C) composites are widely used for hypersonic aircraft. Their surfaces are coated with silicon
carbide (SiC) matrix composites to cut off the air from the C/C substrate underneath. Cracks in protective coatings become
pathways for oxygen to the C/C substrate. The C/C substrate was eroded by oxygen and then cavities were formed. In severe
cases, the cavities can cause the failure of the local thermal protection system. This paper modified the original two-step
diffusion-controlled oxidation model by removing the restriction that the interface of the O2/CO reaction was fixed. The effect
of gas diffusion in the void was considered. The treatment of equivalent pore depth and tortuosity factor was also proposed.
The modified model was used to simulate the radii of oxidation cavities within the C/C substrate. Numerical results agree well
with experimental results, which verifies the validity of the model. The improved model can be utilized to predict the geometry
dimension of oxidation cavities and evaluate oxidation damage.
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Table 1 Comparison of diffusivities for Oz and COz, and interfaces between regions I and II
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K (m*-s™) (m*-s™) (m*-s™) (m*-s™) xf xf
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1373 2.70x10™* 2.11x10™* 2.55x10™* 2.05x10™* 2.13 2.17
1473 3.03x10™* 2.38x10™* 2.87x10™* 2.30x10* 2.13 2.17
1573 3.38x10™* 2.65x10™* 3.20x10™* 2.57<10™* 2.13 2.17
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Table 2 Measured and calculated radii of oxidation cavity for
SiC-coated RCC specimens with machined slots in 1473 K gases

ambient
Width of slot/ Measured radius ~ Calculated radius
mm (reference) /mm_ (presence) / mm
0.26:0.02 0.99+0.07 1.02
0.5 hour  0-53+0.02 1.22+0.03 1.33
exposure  (.81+0.02 1.51£0.03 1.57
1.08+0.02 1.69+0.04 1.76
0.44+0.08 2.38+0.01 2.25
25 hour -, 510,08 2.60+0.16 2.49
exposure
1.05+0.07 2.96+0.04 3.04
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AR, BUE S W EEER, MXFR 2R
A 9% LASK, HEAE 3%~6% Z 16,

FA DRI IR 2 A3 S Bl Bl A RHPE SE B 1
R R R JZ LB R JE A B Ak
15 0 LU S A 48 R A58 B 0 A7 10 S S A 2
AR AIWFFE ] 2% Jacobson SCHK [15].
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