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Thermo-mechanical Analysis of Feedwater Nozzle for Steam Generator
WANG Hui, HE Zheng, ZHANG Xiaozheng, GANG Zhi
(State Nuclear Hua Qing ( Beijing) Nuclear Power Technology R&D Center Co. , Ltd. , Beijing 102209, China)

Abstract: Thermal fatigue crack problems of the feedwater nozzle for steam generator have attracted widely attentions, but haven’t yet
been fully resolved. Depending on the application characteristics of finite element analysis, we developed finite element software AT-
LAS by directly programming to hardware with OpenGL graphics engine VBO, FBO and GLSL technologies. By fully using of three-
dimensional rendering capabilities of the GPU, ATLAS provided a large-scale highly interactive visualization environment for engi-
neers. ATLAS was used to simulate the thermal stress of the feedwater nozzle. A simplified model of the nozzle finite element analysis
was created, and the loads and temperature boundary conditions of the nozzle were added on the interior surfaces. The thermal stress
curve was obtained after conducting structural thermal stress analysis. We found that ATLAS can accurately import CAD models, mesh,
apply a variety of conditions, and complete the numerical simulation of the thermal stress of the nozzle. ATLAS results were consistent
with those of ABAQUS calculation, so its accuracy was assured. Finally, we validated the results and draw conclusions.
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Fig. 1 The temperature boundary and the loads and constraints
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Tab. 1 Loadings under different conditions

TH ®KIEI(NJE)/MPa

g

iR/ C SR 1/ MPa

BT 8.10 320.0 17.93
IEH T 8.10 320.0 17.93
SH T 9. 00 340.0 19.92
fe 2 T 8.33 315.0 18. 44
T 8.61 300. 8 19. 06
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Tab. 2 Material parameters of vessel

; - i W 133/ Heh/
ms wms  JMEOBE G 6 i
C (emoy BRSO BE (mWe e
GPa ¥/ mm'-C™) T
20  7.85 206 1.62E-5 0.3 34.9 461
100 7. 85 206 1.62E-5 0.3 37.3 479
200 7.85 206 1.62E-5 0.3 38.2 499
300 7.85 206 1.62E-5 0.3 37.8 517
400 7. 85 206 1.62E-5 0.3 36.6 536
x3 EWEHRIEESE
Tab. 3 Material parameters of nozzle
o N R =% HeAE/
g, RE/ SR RUBIK R Gy (kI -
”“Dg (t+ 8Ty BN VN -1 -1
mm ) MPa T 34 mm v
T T
20 7.85 206 1.62E-5 0.3 51.0 461
100 7.85 206 1.62E-5 0.3 50. 8 479
200 7.85 206 1.62E-5 0.3 48.7 499
300 7.85 206 1.62E-5 0.3 45.8 517
400 7.85 206 1.62E-5 0.3 42.5 536
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Fig. 2 The temperature results and the stress results
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Fig. 3 Reference path of stress
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Tab. 4 Calculation values of each section in design conditions

MPa
s Wi W1y

ol S
ASN1 43,32 47.15 39.49
ASN2 17. 44 23.06 11.83
ASN3 27.91 44. 61 12.38
ASN4 58. 61 81.81 35.8
ASN5 112.51 157. 47 94.83
ASN6 87.50 57.13 128. 81
ASN7 80. 06 52.17 108. 11
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Tab. 5 Calculation values of each section in abnormal conditions

MPa
S Wi W1y

i S0
ASN1 48.13 52.39 43,87
ASN2 19. 38 25. 62 13.14
ASN3 31.01 49.57 13.76
ASN4 65.12 90. 89 39.77
ASN5 125.01 174. 97 105. 36
ASNG6 97.20 63. 50 143.12
ASN7 88. 95 57.96 120. 12
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Tab. 6 Calculation values of each section in critical condition

MPa
S R W g HE I vz g
WE I 7
A PNl
ASN1 44.55 48. 49 40. 61
ASN2 17.93 23.72 12.17
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Tab. 6(Cont. ) Calculation values of each section in critical Tab. 9 Results of stress of feedwater nozzle
condition MPa
ASN 1 ASN 2
NS R - NN NP
W W P R L i
) R 255
Pl Ml l e i/ /WM /0 {H/ WE
MPa MPa MPa MPa
ASN3 28.70 45.88 12.73
Pm 43.32 207 0.21 17.44 207  0.08
. 13 36. -
ASN4 60.27 84.1 6. 81 it PL - - -
ASN5 115.71 161.94 97.52 Pm+Pb 47.15 280 0.17 23.06 284 0.08
ASN6 89. 97 58.75 132. 46 Pm 48.13 228 0.21 19.38 228  0.09
ASN7 82.33 53.65 111.18 B % PL - - - - - -
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Tab. 7 Calculation values of each section in accident condition

MPa
HEEANS 17
VESE HH JERE g

A A
ASN1 46. 04 50. 12 41.98
ASN2 18.54 24.52 12.58
ASN3 29. 67 47. 42 13.16
ASN4 62.29 86. 96 38. 05
ASN5 119. 60 167. 39 100. 80
ASNG6 92.99 60.73 136. 92
ASN7 85. 10 55.45 114.91
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Tab. 8 Calculation values of each section in test condition

MPa
JRAINS 17
VE JRERE g

A PN
ASN1 56.26 61.24 51.28
ASN2 22.65 29.95 15. 36
ASN3 36. 25 57.94 16. 10
ASN4 76. 11 106. 25 46. 49
ASN5 146. 13 204.52 123. 16
ASN6 113. 62 74. 20 167.29
ASN7 103.98 67.76 140. 41

B L 25 L 55 AR N B 0L A7 R E B i 9 P
Ro HIF 9 SRR, TE 5 LR Y S R
Z e

Pm+Pb 52.39 308 0.17 25.62 312 0.08

Pm 4455 376 0.12 17.93 376 0.05
C% PL - - = = - -
Pm+Pb 48.49 509 0.10 23.72 517 0.05

Pm  46.04 434 0.11 18.54 434 0.04
D% PL e — S —
Pm+Pb 50.12 588 0.09 24.52 596 0.04

Pm 56.26 338 0.17 22.65 338  0.07
R L - = = = = =
Pm+Pb 61.24 507 0.12 29.95 507  0.06
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Fig. 4 Contour of temperature field at 3 s
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Fig. 5 Contour of temperature field at 7 s
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Fig. 6 Contour of temperature field at 32 s
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Fig. 7 Contour of temperature field at 119 s
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Fig. 8 Contour of temperature field at 400 s
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Fig. 9 Contour of temperature field at 800 s
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Fig. 10 Contour of temperature field at 1 200 s
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Fig. 11 Contour of temperature stress at 3 s
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Fig. 12 Contour of temperature stress at 7 s
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Fig. 13 Contour of temperature stress at 32 s
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Fig. 15 Contour of temperature stress at 400 s
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Fig. 16 Contour of temperature stress at 800 s
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Fig. 17 Contour of temperature stress at 1 200 s
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