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Abstract

SiC composite materials are usually used to very high temperature condition such as thermal protection system materials
at space vehicles, combustion chambers or engine nozzles because they have high specific strength and good thermal
properties at high temperature. One of the most widely used fabrication methods of SiC composites is the chemical vapor
infiltration (CVI) process. During the process, chemical gases including Si are introduced into porous preform which is
made by carbon fibers for infiltration. Since the processes take a very long time, it is important to reduce the process
time in designing the reactors and processes. In this study, both the gas flow and heat transfer in the reactors during the
processes are analyzed using a computational fluid dynamics method in order to design reactors and processes for uniform,
high quality SiC composites. Effects of flow rate and heater temperature as process parameters to the infiltration process

were examined.
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Fig. 1. Schematic diagram of a CVI process.
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Fig. 2. Permeability calculated from different models according
to the variation of porosity of the porous media.

o) 7F ARH 0.2K.TF 22 G ollA Kozeny-Carman
A o3t FHES T o] AR ae s
£ & 3} kAol Martys S[3]¢] Ed2 F3-&0] 0
9 %k_i—za ke A& %—ralﬁ‘r

AR5} Aol wet hErs "ol A frk,
Wb Auss v AANE ARl oe
thed Bde) pxel Wale wudsjelol @t} of7)

M v mEdS drlEe] AAA e AR 7
Fstar xdste] whet 47159 717 AR E Ae=
23} 2L 2 3 Kulik[2]e] AT 2342 o)
2 ARgEIsTt o] A U715 A& Aol

e okt 22 BA7E 49 dh

&= exp(—n/%% 3)

71 4,9} /& U715 X2 ZolE Yehdd).

= st MER, thpEsh 4715 9 /130 A

d,Atololle thaat -2 2o] A= o] Ut
S= Zf Ing &)
d
=_2
d Ing )

9 2 @2k (5l whet ohE =] whE v EH 7]
39 A5& e Fig 3 B 49} 7LE} HEHS

sk 06 FEY W) b Svke A @ % 9o
o 3 el 03 4R 9 7139 ABE

-

o

[=}

o
T

S
(2]
o
o

T

0 L 1 1 | 1

0 0.2 0.4 0.6 0.8 1
S

Fig. 3. Relation between the porosity and the specific
surface.
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Table 1. Properties of the porous preform used in the

simulations.
Properties Value
Bundle diameter (mm) 0.8
Fiber diameter (pm) 7.0
Porosity 0.7
Permeability 3.98x10°
Specific surface (1/m) 1331.2
Average diameter of pores (mm) 2.02

Fig. 5. A TG CVI reactor considered in the numerical
analyses, a block filled with color is a preform.

Fig. 6. Temperature distribution in the reactor and preform
at t=380 h.
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Fig. 7. (a) Deposition rate and (b) porosity in the preform
at t=100 h.
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Fig. 8. Effect of the MTS source gas concentration to the
porosity.
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