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Three-dimensional fiber random model to predict effective

thermal conductivity of plain braided C/SiC composites

ZUO Kejun, WEN Jie

(National Key Laboratory of Science and Technology on Aero-Engine
Aero-thermodynamics, School of Energy and Power Engineering,

Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: A random microstructure cell model was developed to predict the effective
thermal conductivity of plain braided C/SiC composites material, so as to describe the real
distribution of fibers and the braiding-structure. Then, the influence mechanism of micro-
structures on macroscopic effective thermal conductivity was discussed. The random distri-
bution of fibers was simulated by Monte Carlo method, and the effective thermal conductivi-
ty was calculated based on finite element method, and the results were presented in statisti-
cal forms. It was shown that, the Gaussian distribution function described the distribution of
effective thermal conductivity accurately. For a random fiber distribution, fibers segregated
in a microscopic level; Portions of the fibers came into contact and formed some local “heat
flow obstacles”, which led to a smaller effective thermal conductivity than that of the general

cell model.
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Table 1 Geometric parameters of plain braided unit cell

mm

ESid B
hs 0. 089
a 0.42
Iy 0.01
b 0.11
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Fig.4 Random distribution of fibers elements in

two-dimensional section
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Fig. 14 Distribution of effective thermal conductivity in the fiber volume fraction of 10%
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Fig. 15 Distribution of effective thermal conductivity in the fiber volume fraction of 20 %
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Fig. 16 Distribution of effective thermal conductivity in the fiber volume fraction of 30%
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Fig. 17 Distribution of effective thermal conductivity in the fiber volume fraction of 40 %
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Fig. 18 Distribution of effective thermal conductivity in the fiber volume fraction of 50%
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Table 3 Effective thermal conductivity of plain braided W HES e BELR
unit cell with different fiber volume fractions by 2
c= [2EXr (8
RCM calculation W/(m « K)
(/%
2% :
10 20 30 40 50 60
Kequix 64.1 58.5 53.0 48.3 44.1 40.5
Kequ.y 64.1 58.5 53.0 48.3 44.1 40.5
Kequ.= 61.2 52.2 43.8 36.1 29.6 24.5
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Table 4 Effective thermal conductivity of fiber bundle

element with different fiber volume fractions

W/(m + K)
2 o
10 20 30 40 50 60 70
Keu.. ©08.6 48.8 40.4 33.1 26.4 20.2 13.9
Keq.y ©08.6 48.8 40.4 33.1 26.4 20.2 13.9
Kequ.= 67 64 61 58 55 52 49

x5 TURARMAFNFEGRIBTERSHEHY
Table 5 Effective thermal conductivity of plain braided
unit cell with different fiber volume fractions
W/(m « K)

o/ %

40 50 60 70

Keu.. 04.1 58.8 53.9 49.6 45.4 41.5 37.4

Kequy 04.1 58.8 53.9 49.6 45.4 41.5 37.4

Keu.. 01.1 53.1 45.8 39.2 32.9 26.8 20.3
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Temperature field and heat flux density

distribution of two different models
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Table 6 Relative reduction of thermal conductivity in

different directions

o/ %

10 20 30 40 50 60 70

W

5

Ax/% 0 0.51 1.66 2.62 2.86 2.41 0

Az/% 0 1.69 4.37 7.91 10.1 8.58 0
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Fig. 22 Comparison of predictional data and

=

experimental data of different models
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