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Thermal Simulation of Thermal Barrier Coatings Based on Real Structural Data
Chen Duzhou Huang Ziyuan Zhang Nan
( School of Mechanical Engineering, Southwest Jiaotong University, Chengdu, 610031 )

[ Abstract]  This paper proposes a thermal stress simulation scheme for thermal barrier coatings based on modeling using actual
structural information from CT scans. This addresses the limitations of traditional approaches that rely on two-dimensional models
or simplified three-dimensional models, which overlook the complex geometric features of actual coatings. Through numerical
simulations, the temperature and stress response characteristics of a double-layer thermal barrier coating system with varying
structural parameters under high heat flux loading were investigated. Results indicate that the micro-topography of the actual
interface significantly expands the effective heat transfer area, providing more thermal flow pathways. Mechanically, it exhibits
greater deformation and higher stress levels, making it more prone to inducing inconsistent deformation and stress concentration.
While inclined and sinusoidal surface models mitigate geometric discontinuities to some extent, the planar interface model yields
the lowest stress levels across all parameters but fails to represent actual operating conditions. Compared to the actual structure
model, simplified models struggle to fully capture the decisive influence of multi-scale irregularities at real interfaces and randomly
distributed defect clusters on temperature-response stress concentration. This leads to significant underestimation of stress levels in
simplified models, causing substantial deviations in subsequent process guidance and life assessment.

[Keywords] Thermal barrier coating; Finite element simulation; Stress distribution; Three-dimensional reconstruction
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