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Abstract: Different components of the braided ceramic matrix composites (CMC) , including the matrix,
the fiber and the interface, have different heat transfer properties. Considering the thin—wall characteristic of in-
terface, the effects of the interface and its modeling method on the heat conduction characteristics and the aniso-
tropic thermal conductivity were studied. Three different representative volume element (RVE) models were
built, that is, the model without interface, the model with implicit interface and the model with explicit interface.
The temperature distributions, heat flux distributions and effective anisotropic thermal conductivities of these

three models were compared. The effects of interface’ s thermal conductivity on the thermal conductivities of
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whole CMC material were also studied. The results show that, the internal temperature field is quite non—uniform.

The heat flux distributions of these three models have significant difference. At the same time, the anisotropic

thermal conductivities based on these three models are also different with each other. The modeling method with

explicit interface has better accuracy in predicting the effective thermal conductivity of braided CMC materials.

Additionally, as the thermal conductivity of interface increases, the anisotropic thermal conductivities of whole

CMC material increase significantly, especially the effective thermal conductivity on the Y axis (the direction

along horizontal warp yarns ).

Key words: Ceramic matrix composite; Braided structure; Interface; Thermal analysis; Thermal conduc-

tivity; Anisotropy
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(a) Photograph of 2.5D braided CMC material
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(b) Section of fiber bundle

(e) Matrix
Fig. 1 RVE model of 2.5D braided CMC material without

interface
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(¢) Explicit interface structure
Fig.2 RVE model of 2.5D braided CMC material with

interface
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Table 1 Thermal conductivity of different components

Component k/(W/(m-K))
SiC matrix'?! 6.5
PyC interface'" 25
Fiber axiall'?! 9.66
Fiber radiall ! 1.48
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Fig. 3 Schematic diagram of the variation of local

coordinate
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Fig. 4 Mesh generation
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Fig. 5 Three different boundary conditions
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Table 2 Operating conditions

Case Model Boundary
1-1 1 7 axis
1-2 2 7 axis
1-3 3 Z axis
2-1 1 X axis
2-2 2 X axis
2-3 3 X axis
3-1 1 Y axis
3-2 2 Y axis
3-3 3 Y axis
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Fig. 8 Temperature distributions in Case 1-1,1-2 and 1-3
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Fig. 9 Heat flux distributions in Case 1-1,1-2 and 1-3
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Fig. 10 Heat flux directions in Case 1-1,1-2 and 1-3

Table 4 Heat flux in difference cases

Case  Average heat flux/(W/m?)  Maximum heat flux/( W/m?)

1-1 6.01x10* 2.14x10°
1-2 6.09x10* 2.65%10°
1-3 6.54x10* 7.11x10°

R 6.01x10%, 6.09%10* F1 6.54%10*W/m?, [F Bf RVE
R 7 )7 [ 2 JE 8 0.6mm, | F R HE IR 2N 10K, H4E
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Table 5 Effective thermal conductivities in difference cases

Model — kJ/(W/(m-K))  k/(W/(m-K))  k/(W/(m-K))

1 5.64 5.28 3.61
2 6.39 5.95 3.66
3 6.49 6.32 3.93
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)
237
X 5
1 L.
0
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Effective thermal conductivities based on different
RVE models

Fig. 11
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Table 6 Experimental results of k,
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(b) Continuous interface on the Y axis

Fig. 12 Influence of r and the interface structure
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