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Abstract: To elucidate the aero-thermal performance and stress distribution characteristics of
laminate-thermal barrier coating ( TBC) composite structures and achieve efficient coupling
between laminate cooling structures and TBC, a conjugate heat transfer model is adopted to
establish a fluid-solid-force coupled numerical prediction method. The effects of film-cooling plate
thickness (H;=0.8d, 1.0d and 1. 2d) and TBC thickness (Hqy=0. 6d, 0. 8d and 1. 0d) on the
overall cooling characteristics and stress distribution of the composite structure are systematically
investigated. The results show that the overall cooling effectiveness on both the TBC surface and
the metal substrate surface is insensitive to changes in the film-cooling plate thickness, with

differences in overall cooling effectiveness under different H; values being less than 1.0%.

Weks H . 2025-04-16, EZE TS A¥EA995—) 55 BB 226 W GRAFEE) 53 8% 1l A4 R0, x4
WH . ERHEEEIR AR RSB (GZC20241345) s H 5 H AR 5 4 % B H (52406053) ,
I £ H RIS ) . 2025-07-24 W 2% H AR Hb ik« https: // link. enki. net/urlid/61. 1069. T. 20250724. 1039. 006



%34

HB 45 SR AR-TARRIR J2 6 3 M I 25 5 1 B0 Jy 22 Y e

23

Increasing the TBC thickness significantly enhances the overall cooling effectiveness of the metal
substrate surface. At Hypc = 1. 0d, the overall cooling effectiveness increases by approximately
15. 6% compared to the reference case. The film-cooling plate thickness and the TBC thickness
exhibit antagonistic effects on the mechanical performance of the composite structure. As H; and
H 1o increase, the reduction in equivalent stress and the increase in equivalent stress exceed 10%
and 23. 5%, respectively. Stress concentration occurs near the film-cooling hole exit, the metal
substrate/ TBC interface, and the film-cooling hole inlet in the composite structure. The stress
distribution along the radial direction at the leading edge of the film-cooling hole shows a “W”-
shaped profile, with a peak equivalent stress appearing at the metal substrate/ TBC interface.
Increasing the film-cooling plate thickness improves the mechanical performance within the metal
substrate, while applying a thicker TBC alleviates stress concentration at the metal substrate/
TBC interface and reduces the risk of TBC spallation. However, a thicker TBC significantly
elevates the stress level near the film-cooling hole exit (maximum equivalent stress exceeding
1000 MPa). Therefore, it is recommended in laminate-TBC composite structure design to adopt a
thicker film-cooling plate (H;=1. 2d) along with an appropriately thick TBC coating ( Hrpc =0. 8d).

Keywords: laminate cooling; thermal barrier coatings; composite geometry; overall cooling

effectiveness; stress distributions
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Fig. 1 Computational model of compositegeometry

JZ R A v SR AL D I A A A b £L HE A D7
5 LA REF — B AR AL PR A L ol L%
M1 e 4 s 1 SCHED 5 XUA B v 20 B T P I AR AR
L. 2d (61 Ad 2 ARV FNEAICUNIEL 2 B/ PR AR Y
JEWESH LT SR 1,

AP

© 0

il.Zd Lo igi

® O

D A
O ® @}

V(PR U T (P i1
Bl 2 RAR H ST R s B

Fig. 2 Arrangements of holes and ribs in laminate

cooling unit
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Table 1 Geometrical parameters oflaminate structure
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Fig. 4 Laterally-averaged overall cooling effectiveness

distributions of laminate-TBC composite geometry
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Table 2 Computational boundary conditions
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Table 3 Parameters of material properties
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Table 4 Configurations of numerical simulations
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