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Fig.2  Schematic diagram of the geometry dimensions and
boundary conditions of the 2D axisymmetric FE model
(Ro=120 mm, d,=30 mm, d.=0.8 mm, ¢=0.001 mm,
db=0.199 mm, L=0.6 mm, P;=35 MPa, Po=5 MPa)
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. . Yield strength/ Density/ CTE/ Conductivity/ Specific heat/
Material 7/°C E/GPa MPa ke'm” %10 ! W-(m-C)" J (kg C) !
20 204 0.10 9.68
8YSZ 300 179 011 6037 988 1.2 500
20 400 0.23 1000 8 10
TGO 1000 325 0.25 | 3984 9.3 4 753
. 20 200 0.30 868 12.5 5.8
NiCoCrAlY g, 145 0.32 191 7711 143 14.5 628
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
Pl 450 186 0.3 7770 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.3 Temperature and stress distribution in the coated steam

dual pipe system along the wall thickness direction

S, Mises S, Mises b

(Avg: 75%) (Avg: 75%)
+9.286e+02 +1.105e+03
+8.514e+02 +1.019e+03
+7.742e+02 +9.327e+02
+6.970e+02 +8.464e+02
+6.198e+02 +7.601e+02
+5.425e+02 +6.738e+02
+4.653e+02 +5.875e+02
+3.881e+02 +5.012e402
+3.109e+02 +4.14%+02
+2.337e+02 +3.286e+02
+1.565e+02 +2.423e+02
+7.925e+01 +1.560e+02
+2.036e+00 +6.968e+01

B4 S MANLE R R iR EE RS TGO MHE i)
Mises N JJ 31 =

Fig.4 Mises stress distribution contour plot near TGO of the
coated steam dual pipe system under thermal (a) and

thermo-mechanical (b) loading
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Fig.5 Temperature distribution along the wall thickness direction

of the coated steam dual pipe system with different TC

thicknesses
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Fig.6 Mises stress distribution on the TGO side of the TGO/BC

interface with different TC thicknesses
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Fig.9 Mises stress distribution along the wall thickness direction
of the coated steam dual pipe system at different cooling

steam temperatures
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direction of the coated steam dual pipe system under

different cooling steam pressures
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Thermal Transmit and Stress Analysis of a Novel Coated Steam Dual Pipe System
Under Thermo-Mechanical L oading Based on Ideal Cosine Wave
of TC/TGO/BC Interface

Guo Xiaofeng', Zhang Kaiyu', Qin Lei', Pang Zigiang®
(1. School of Mechanical Engineering, 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: Using a sequentially coupled simulation procedure, the thermal transfer and stress analysis of a novel coated steam dual pipe
system under thermo-mechanical loading were carried out. The influences of key characteristic parameters on the temperature and stress
distribution of the system were investigated. The results show that under steady state working conditions, the thermal barrier coating
contributes to the effective thermal insulating protection for the primary steel pipe, but the thermal stress generated due to the significant
temperature gradient has a significant impact on the structural integrity of the system. The hoop stress in the system is much larger than the
radial stress, and the maximum hoop stress is located at the cosine peak of the TGO/BC interface near the TGO side. In addition, the
thickness of the TC, the thermal expansion coefficient of the TC, and the temperature and pressure of the cooling steam determine the
temperature and stress distribution of the system.

Key words: coated steam dual pipe system; finite element analysis; thermally grown oxides
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