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Development of CMC Nozzle
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Ceramic Matrix Composites ( CMC ) has low density and high temperature capability and has been expected to be applied
to hot section part of aero-engine and a nozzle of space application. C/SiC was developed for nozzles of space application.
However, there was a problem of matrix cracking caused by the thermal expansion mismatch between C fiber and SiC matrix.
SiC/SiC did not have such a problem, but the strength at high temperature beyond the 1400 degrees C tended to decrease. So,
C fiber was added to the SiC fiber less than causing a crack of matrix. CMC nozzle using such hybrid fiber was manufactured
and evaluated by hot gas tests.
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Fig. 1 Schematic view of residual stress caused by thermal expansion
mismatch between SiC and C
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Table 1 Material properties to estimate residual stress
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(GPa) (1C) (%) (C)
ZMI #iffe ™ (SiC) 200 4x10° 0~ 40 1000
T-300 #AfE 2 (C) 230 -0.5%10° 0~ 40 1000
T-1000 i ™ (C) 294 —0.5x10° 0~ 40 1000
CVI< h v 27 A (SiC) 400 4x10° 22 1000
PIP< h 1 v & X (SiC) 30 4x10° 22 1000
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Fig. 2 Diagram for hybrid fiber mixing ratio and residual stress of
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Table 2 Applied fibers and distribution ratios of test specimens
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