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Fig.1 Schematic diagram of the coated steam dual-pipe system™
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Fig.2 Dimensions and boundary conditions for the axisymmetric

finite element model
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Table 1 Value ranges of characteristic parameters

Key characteristic parameter Value
Cooling steam pressure/MPa 25 20 10 7.5 5 0
Cooling steam temperature/C 500 450 300 200 100 -
Thermal conductivity of LZO/W-(m-"C)™' 0.1 0.3 0.6 0.8 0.87 1.0
Thermal expansion coefficient of LZO/x10° °C 6 8 9.1 10 12 14
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Fig.3 Finite element model and meshing diagram
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Table 2 Parameters of thermal barrier coatings

[9-17]

. . Yield strength/ Density/ CTE/ Conductivity/ Specific heat/
Material 7/C  E/GPa v 3 6 ol . ol Ref.
MPa kg'm x107 C W-(m-C) J-(kg-C)
LZO 63 0.25 6300 9.1 0.87 460 [17]
20 204 0.10 9.68
8YSZ 6037 1.2 500 [9-11]
800 179 0.11 - 9.88
20 400 0.23 1000 8 10
TGO 3984 755 [15,16]
1000 325 0.25 1 9.3 4
. 20 200 0.30 868 12.5 5.8
NiCoCrAlY 7711 628 [13]
800 145 0.32 191 14.3 14.5
20 218 488 26 440
100 213 461 10.9 27 480
200 207 441 11.3 28 510
300 199 427 11.7 28 550
400 190 396 12.1 29 630
P91 0.3 7770 [12,14]
450 186 - 12.1 29 630
500 181 360 12.3 30 660
550 175 331 12.4 30 710
600 168 285 12.6 30 770
650 162 206 12.7 30 860
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Fig.4 Flowchart of optimization process
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Fig.5 Temperature and stress distributions along wall thickness

direction in the coated steam dual-pipe system
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Fig.11 Mises stress distribution on the TGO side along the

TGO/BC interface at variable cooling steam temperatures
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Fig.12 Mises stress distribution along wall thickness direction

under variable cooling steam pressures
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Table 3 Values of characteristic parameters before and after
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Optimized variable  Initial guess value ~ Optimized value

wi/mm 0.4 0.31
wo/mm 0.4 0.38
Ty/C 450 403
k/W-(m-C)"! 0.87 0.61
k/W+(m-C)! 1.2 1.1
/<10 C! 9.1 8.6
l*x10°C! 9.88 9.99
PJ/MPa 5 9.5
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Fig.16 Temperature distribution along wall thickness direction

before and after optimization
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Fig.17 Mises stress distributions along wall thickness before and

after optimization
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Key Characteristic Parameters Analysis and Structural Optimization of
a Novel Coated Steam Dual Pipe System at 700 °C

Guo Xiaofeng', Zhang Zilong', Qin Lei', Yuan Bo', Gao Junxiang', Pang Zigiang®
(1. Inner Mongolia University of Science and Technology, Baotou 014010, China)
(2. Baotou No.1 Thermal Power Plant, China Huaneng Group Co., Ltd, Baotou 014060, China)

Abstract: This work studied the influence of characteristic parameters on the heat transfer and stress distribution for the thermal barrier
coatings used in a novel 700 °C dual-pipe system. The finite element sequential coupling method was used on this basis, a structural
optimization method for the multilayer heterogeneous coating system was developed by MATLAB and ABAQUS platforms. And the
optimal geometric sizes and material properties were identified. Results reveal that the thickness ratio of the ceramic layers, thermal
conductivity of the outer ceramic layer, thermal expansion coefficient, cooling steam temperature, and pressure simultaneously have
significant effects on the temperature and stress distribution of the coated steam dual-pipe system. The inner surface temperature of P91
steel pipes can be decreased by about 27 °C and the maximum Mises stress at the interface between thermal growth oxide and bond coat
can be decreased by about 151 MPa, suggesting that the proposed systematic optimization method can be used to automatically determine
the optimal key characteristic parameters of multilayer heterogeneous coating systems, resulting in improved thermal management and
reduced stress on critical components.

Key words: dual-pipe system; double thermal barrier coatings; interfacial stress; structural optimization
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