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Evaluation on Thermal Gradient Fatigue Characteristics of Thermal
Barrier Coating through Finite Element Analysis
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A gas turbine is a power plant unit that converts thermal energy into rotational energy by rotating a blade using high-
temperature and high-pressure combustion gas. A gas turbine blade is directly exposed to a high-temperature flame.
Various studies have aimed to improve the durability of the blade in harsh conditions. One proposes coating the blade with
a thermal barrier to protect it from the flame, using a ceramic material with better thermal insulation. Another proposes
using internal cooling, by creating an air flow path inside the blade to lower its temperature. Because both these techniques
create a thermal gradient in the cross section of the blade, they amplify the difference in thermal expansion, thereby
producing thermal stress in the blade and the thermal barrier coating. This study investigates the internal cooling effect on
thermal gradient fatigue by using finite element analysis.
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Table 1 Material properties of TBC system

Top coat Bond coat Substrate
8YSZ) (MCrAlY)  (IN738LC)
Young’s modulus
(GPa) 53 156 141-206
Poisson’s ratio 0.25 0.27 0.27
Density (kg/m®) 6037 7711 7890
Specific heat (J/kg®C) 500 628 456
Thermal expansion
coefficient (105°C) 7.6-12.7 12-19.3 11.6-15.9
Thermal conductivity
(W/mK) 1-2.3 11.6-25 11.8-25.4
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Fig. 1 Geometry of the specimen

25

—a— Top coat_8YSZ
—e— Bond coat_MCrAlY
—&— Substrate_IN738LC

N
o
T

-
3

-
o

Thermal Expansion Coefficient, 10°°C
T

0 . I . 1 . I . I N 1 . I
0 200 400 600 800 1000 1200

Temperature, °C

Fig. 2 Thermal expansion coefficients of the analysis model
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Fig. 3 Thermal conductivities of the analysis model
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Fig. 6 Condition of the heat transfer analysis in cooling process
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Fig. 7 Temperature changes in the analysis model over time
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Fig. 9 Analysis result in a high temperature condition

Fig. 10 Analysis result in a low temperature condition
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Fig. 11 Radial stress distribution in high temperature condition
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Fig. 12 Axial stress distribution in high temperature condition
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Fig. 13 Shear stress distribution in high temperature condition
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