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Abstract: When the braided structural CMC material is applied to high—temperature components of aero—
engines such as turbine blades, the internal structure of the braided composites will cause the temperature fluctu-
ation. 2.5D braided composite was taken as an example to investigate the temperature field fluctuation characteris-

tics of composite materials. The homogeneous plate model on the basis of effective thermal conductivity and the
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plate model on the basis of full-size microscopic structure of the braided material were constructed respectively.
The temperature distribution and the internal heat transfer characteristics of the two plate models were calculated
and compared. Moreover, the effects of the structural parameters (e.g., the angle of the internal braided struc-
ture) and the thermal property parameters (e.g., the ratio of axial to radial thermal conductivity of fiber bundle
and the thermal conductivity ratio of fiber bundle to matrix) on the temperature fluctuation of materials were also
studied. In addition, the test experiment on temperature field of the braided structural plate was carried out. The
results show that comparing with the temperature field calculated based on the effective thermal conductivity, the
temperature field obtained based on the full-size braided structural plate model shows more obvious fluctuation.
When the average internal temperature gradient inside the plate is 25383K/m, the amplitude of the temperature
fluctuation on the surface reaches to 12.41K, the value of the highest temperature increases from 906.96K to
911.60K and the direction of heat transfer inside the plate is significantly deflected along the yarn. Meanwhile,
with the warp braiding angle increasing, the amplitude of the temperature fluctuation decreases. However, the
high temperature region on the surface and the frequency of the fluctuation along the axial direction of the warp in-
crease. As the ratio of axial to radial thermal conductivity of fiber bundle increases, the high temperature region
on the surface of the material is almost unchanged, but the amplitude of the temperature fluctuation decreases
slightly and the uniformity of the temperature is enhanced. As the thermal conductivity ratio of fiber bundle to ma-
trix increases, the high temperature region of the material surface increases, but the amplitude of the temperature
fluctuation decreases greatly and the uniformity of the temperature is greatly improved. In this paper, when the
boundary temperature reaches to 1600K, the method based on effective thermal conductivity cannot estimate the
temperature field of the braided materials correctly.

Key words: Aeroengine; Turbine blade; Composite materials; Heat transfer; Braided structure; Tem-

perature distribution; Anisotropy
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Table 1 Braided structure parameters of Geo 1

Parameters Value Parameters Value
W, /MM 1.8 W, /mm 3
t/mm 0.2 Ad,,,/mm 0.6
Ad . /mm 2 &/mm 0.1
a/(°) 34 &l% 34.78
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(a) Schematic diagram of the sample surface

(b) Partial enlarged drawing A

Fig.1 Schematic diagram of 2.5D braided composite
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(d) Parameters of the braided structure

Fig. 2 Numerical model
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Table 2 Braided structure parameters of Geo 1, Geo 2 and

Geo 3

Parameters Geo 1 Geo 2 Geo 3
w,,,,/mm 1.8 1.8 1.8
W, /mm 3 4 1.8
t/mm 0.2 0.2 0.2
Ad,,, /mm 0.6 0.6 0.6
Ad,, /mm 2 1 0.5

6/mm 0.1000 0.1375 0.0750
al(°) 34 60 75

&l% 34.78 36.10 38.52
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Table 3 Anisotropic thermal conductivity of yarn in Geo 1

Case Ay A A (W/(m-K)) Value
1.48,1.48,9.66 1=6.53/r=48.3
2 2.96,2.96,19.32 1=6.53/r=96.6
3 5.92,5.92,38.64 1=6.53/r=193.2
4 8.88,8.88,57.96 1=6.53/r=289.8
5 1.48,1.48,14.8 =10
6 1.48,1.48,19.24 =13
7 1.48,1.48,23.68 =16
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Fig. 8 Results of experiment and calculation
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