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Effects of the Gas Flow Inside a CVI Reactor on the Densification of a
C/C Composite

Hye-gyu Kim*, Wooseok Ji*', Hyang Joo Kwon**, Sungtae Yoon**, Jung-il Kim**

ABSTRACT: In this paper, the densification of a carbon/carbon composite during a chemical vapor infiltration (CVI)
process is studied using a chemo-mechanical model. The multi-physics numerical model, developed in the previous
research, couples computational fluid dynamics and major chemical reactions in the reactor. The model is especially
utilized to study the effect of flow behavior around the preform on the densification. Four different types of “flow-
guide” structures are placed to alter the gas flow around the preform. It is shown that the flow pattern and speed
around the preform can be controlled by the guide structures. The process simulations demonstrate that the average
density and/or density distribution of the preform can be improved by controlling the gas flow around the perform. In
this study, a full industrial-scale reactor and process parameter were used.
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Fig. 1. Model geometry of the analysis (unit: mm)
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Fig. 3. Flow velocity (grayscale), streamline (red line), and pre-
form density (rainbow) at 30 h
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Fig. 4. Model geometries with additional structures (unit: mm)
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preform density (g/fcm3)
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Fig. 8. Preform density (g/cm?) contours at 30 h
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Table 1. Average density and standard deviation at 30 h

Average (g/cm®) Std. deviation (g/cm?)
Standard 0.7731 0.03611
Structure 1 0.8020 0.03486
Structure 2 0.7912 0.03221
Structure 3 0.7808 0.03126
Structure 4 0.7794 0.02827
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Fig. 10. Ethylene(C,H,) concentration around the preform
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Fig. 11. Benzene(C¢H,) concentration around the preform
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Fig. 12. Flow velocity (m/s) and streamline around thick preform
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Fig. 14. Ethylene(C,H,) concentration around thick preform
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Fig. 15. Benzene(C¢H,) concentration around thick preform
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Table 2. Average density and standard deviation at 30 h

Average (g/cm®) Std. deviation (g/cm?)
Standard 0.6382 0.05627
Structure 1 0.6677 0.08057
Structure 2 0.6332 0.05656
Structure 3 0.6298 0.03657
Structure 4 0.6314 0.04736
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