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Numerical Analysis of Thermal Stress on Thermal Barrier Coatings in Start-up
Stage for Gas Turbines
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Abstract: The thermal stress of thermal barrier coatings (TBCs) in the start-up stage of gas turbines was studied, considering
the sintering of ceramic and the thickening of thermally growth oxidation (TGO). The temperature field of the coatings was
obtained by a transient heat transfer modeling. Thermal stresses were then solved by sequential thermal stress coupling. The
states of TBC resulted from ceramic sintering and TGO growing were achieved by modeling the processes of sintering and
TGO growing with ABAQUS subroutine, respectively. These states were then used as the initiations of the start-up process.
The heat transfer results show that the transient temperature field of the coatings is mainly dominated by the change of hot gas
temperature. The thermal stress result shows that there is no steep growing of thermal stresses in the start-up stage. Thermal
stresses of TBCs were affected by ceramic sintering and TGO growing mainly in the early of the start-up, especially at the
initiations of the start-up process. However, there were neglectable effects on thermal stresses after a half of start-up time.
Additionally, the thermal stress of ceramic and bonding coatings can both be affected by sintering. However, the thermal stress
of BC can be affected more significantly than that in the ceramic layer resulted by TGO growing.
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Fig.2 Temperature variation in start-up stage'®
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&1 TBCs HRMMEEESH
Table 1 Material properties of TBCs

Material

Temperature / Young's modulus/ Poisson's  Thermal conductivity / Specific heat/ Density/  Thermal expansion /

C GPa ratio (W-m'K") (kg"K")  (kgm?) (10° T
TC(8YSZ) 25 17.50 0.20 1.05 483 5650 9.68
800 9.88
1 000 12.40 10.34
TGO(ALO3) 25 380 0.27 25.20 857 3978 5.10
800 338
1000 312 9.80
BC(MCrALY) 25 183 0.30 430 501 7320
400 182 6.40 592 12.50
800 109 10.20 781 14.30
1000 16.10 764 16.00
SUB(superalloy) 25 211 0.3 11.56 585.2 7900 12.60
400 188 18.38 14.00
800 187 25.66 18.40
1 000 139 29.30 16.30

®2 BCEMEMSH
Table 2 Plastic parameters of BC layer

Equivalent stress / MPa  Plastic strain / 10° Temperature / ‘C

708.7 0 27

716.4 1.998 27

830.0 401.818 27

627.8 0 600
636.3 1.998 600
991.9 861.777 600
666.9 0 800
671.3 1.998 800
901.5 107.059 800
204.1 0 1000
205.4 1.998 1000
355.6 239.017 1000
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