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Study on Numerical Method of Thermal-Fluid-Structure Coupling for
Turbine Blades and Its Application

WANG Xiangyu, GAQO Shanghong, FENG Zhenping

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To address the current lack of effective thermo-fluid-structure coupling analysis tools
for high-pressure turbine blades in aircraft engines, a multi-physics field coupling numerical
simulation framework and computational method integrating flow, heat transfer, and vibration
are developed. Leveraging the dual-motion method and dynamic mesh technology, a weak
coupling approach across solvers is employed to achieve thermal-fluid-structure coupling
numerical analysis of moving blades with ceramic coatings in a dynamic-steady alternating
environment, The vibration characteristics of turbine blades under multi-physics field environments with
simplified boundary conditions are computationally analyzed, revealing crucial thermal-fluid-
structural properties and their variations. Results indicate that under the thermal-fluid-structure
coupling environment, blade vibration exhibits a mix of first-order bending and torsional modes.,
with a maximum displacement of 0. 209 mm. Blade deformation further significantly affects
aerodynamic forces and thermal loads acting on the blade, with static pressure changes near the

blade tip reaching 9. 44% and heat flux density variations of 39. 7%. The impact of ceramic
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coatings on vibration characteristics under thermal-fluid-structure coupling conditions is minimal.

Keywords: turbine blade; thermal-fluid-structure coupling; barrier coating; vibration
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Fig. 1 Overall structure of the rotor blade for the thermal-fluid-

structure coupling solution
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