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Figure 15: CFD calculation, fluid/wall-transition modelling parameter
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Figure 16: CFD calculations by different partners
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Fortum train: Mock-up
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Figure 21: “Fortum train”, thermal shock experiment mock-up
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Figure 22: VTT, CFD analysis on pipe/nozzle connection



FEA: The full model (CFD + pressure)
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725 589 variables

1
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* overpressure 122.6 bar
* main pipe temperature 300 °C
» cold-leg temperature 20 °C

* turbulent cycle 50 Hz

Figure 23: “Fortum train”, FE model and loads



Max. strain = 0.18 % Min. strain = 0.08 %

Figure 24: “Fortum train”, stress analysis, elastic strains
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Figure 25: “Fortum train”, thermal shock experiment
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Figure 27: “FANP-D/F train” and “CEA train” workflow
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Figure 29: TEC, stress/crack analysis based on SPG Data



1 mm. Model

90.0

85.0

80.0

75.0

70.0

65.0

Outside wall temperature (°C)

60.0

55.0

50.0
100 110 120 130 140 150 160 170 180 190 200

t(s)

Figure 30: TEC, experimental versus analytical results
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Figure 31: TEC, relevant T configuration analysed by FE analysis



Fatigue analysis

200 ASME Code, Section lll, Appendix I: Design fatigue curve for austenitic steels
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Figure 32: TEC; fatigue analysis of through-wall stresses; o experiment = 2000 W/(m?2K)



Fatigue analysis

Figure 33: TEC; fatigue analysis of through-wall stresses; o Colburn =16 700 W/(m?K)



Temperature and stress for the SPG geometry
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Figure 34: FHG, 3D-FE model for stress analysis and crack initiation/propagation



Stress variation: elastic-plastic analysis
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Figure 35: FHG, elastic-plastic analysis
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Figure 36: EDF-INTHERPOL “turning cylinder” test
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Figure 37: EDF, long-term damage test results
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JRC thermal shock experiment (pipe specimen)
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Figure 39: JRC, long-term damage tests



LE, LE1l1

[Ave. Crit.: 0%)
+3.530e-02
+6.000e-03
+5.000e-03
+4.000e-03
+3.000e-03
+Z.000e-03
+1.000e-03
+Z.328e-10
-1.000e-03
-Z.000e-03
-3.000e-03
-4.000e-03
-5.000e-03
—-6.000e-03
-2.807e-02

Model: d2l12 Date: Z89-0ct-2001
ODB: dili 2Z.odb ABAQUS /Standard 6.4-1 Mon Oct 25 13:28:33 Central Europe Daylight Time 2004

gtep: Step-4

Increment 0: Step Time = 0.o000

Primary Var: LE, LE11

Deformed Var: U Deformation 3cale Factor: +1.000e+00

Figure 40: JSI, micro-structure modeling, analysis of the JRC experiment
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Figure 41: WP 4.2 Compilation of thermal load tests and additional MPA specimen experiment




Fatigue assessment
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Figure 42: VTT, fatigue assessment according to experimental and analytic results
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Figure 43: Overall integrity concept for safety-relevant structures in NPPs
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Figure 44: Integrity concept: the “integrity building”



