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Analysis of YSZ Effective Thermal Conductivity Based on Fractal Theory

DING Kunying, LI Zhiyuan, WANG Zhe, CHENG Taotao
(Tianjin Key Laboratory for Civil Aircraft Airworthiness and Maintenance, Civil Aviation University of China, Tianjin 300300,
China)

Abstract; Ceramic-based thermal barrier coatings are widely used in aeroengine hot-stage components since their excellent
thermal resistance, hot corrosion resistance, and thermal stability. In the current paper, ZrO,-8%Y,0,(YSZ) as a kind of
thermal barrier coating was deposited by atmospheric plasma spraying method. The morphology and porosity of the coating were
adjusted by adding poly-hydroxybutyrate (PHB). The coating cross-sections were observed by scanning electron microscopy
(SEM). A calculation formula of effective thermal conductivity based on the fractal dimensions of pores in the coating was estab-
lished. Meanwhile, the calculation values were verified by a thermal conductivity meter. The results show that the porosity of the
coating can be increased by mixing PHB powder and go up to about 30% as the mass fraction of PHB reaches 15%. The higher
spraying power has a trend to generate the flat pores with larger fractal dimensions, resulting in the smaller effective thermal con-
ductivity of the coating. The fractal dimension of pores is introduced into the calculation of effective thermal conductivity, which
makes the calculated results more close to the measured ones.
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Table 1  Fraction and morphology characters of the top coatings

YSZ PHB Deposit Pores
Coating type Fraction  Particle size ~ Fraction  Particle size ~ power Porosity Effective Fractal
C,/(w/%) d,/pm C,/ (w/%) d,/pm P/kW /% diameterd,/pwm  dimension D
Top coating 1 100 1~3 32 1.5 5.13 1.44
Top coating 2 90 1~3 10 10-23 32 9.8 10.24 1.24
Top coating 3 85 1~3 15 25-45 32 28.4 18. 82 1.30
Top coating 4 85 1~3 15 25-45 36 26.2 17.73 1.52
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Fig. 3  Cross-section morphologies of different top coatings
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Fig.5 Thermal conductivities during different temperatures
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Table 2 Analysis results of effective thermal conductivities

Coating type D’ 1-p  1-Dp A A,
Top coating 1  0.99 0.99 0.98 0 -1%
Top coating2 0.88 0.90 0.86 2.3% -2.3%
Top coating3 0.66 0.72 0.65 9.1% -1.5%
Top coating4 0.56 0.74 0.58 32.1% 3.5%
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