
Contents

Acknowledgements

Abstracts

Contents

List of figures

List of tables

1 Introduction

1.1 The sodium cooled fast reactor technology . .

1.2 Computational analyses of SFR systems. . . .

1.3 The DYN3D code for SFRanalyses .......

1.3.1 Extension of DYN3D to SFR applications ..............

1.3.2 Preceding DYN3D developments and its application limits

1.4 Objectives ofthe study ..............

1.5. Thesisoutline : .. .....:..........

2 Generation ofhomogenized few-group cross sections

2.1 The Serpent code for XS generation ......

2.2 Reference core descriptions ...........

2.2.1 Large oxide core from the OECD/NEA benchmark ........

2.2.2 Phenix End-of-Life core .........

2.3 General approach to XS generation for SFRs .

2.4 Super-homogenization method for SFR analysis. .............

2.5 Verification by means of code-to-code comparison ............

2.5.1 Results of the OECD/NEA large oxide core calculations .....

2.5.2. Cross-checking with PARCS code. . . .

2.5.3 Results of Phenix EOL core calculations

iii

10

11

11

13

15

15

17

17

18

21

24

29

29

33

36



Contents 

2.6 Few-group cross section generation — Summary of the results . . . . . .

3 Modeling of thermal expansions

3.1 Thermal expansion effects. ..........................

3.1.1 Reactivity effect of thermally expanding materials ........

3.1.2 Thermal expansion feedbacks in SFR systems ...........

3.1.3 Current trends for modeling thermal expansions .........

3.2 Thermal expansion models in DYN3D ....................

3.2.1 Thermal expansion model for fuel rods ...............

3.2.2 Radial thermal expansion model for the diagrid ..........

3.2.3 Expansion-dependent XS treatment by DYN3D ..........

3.3 Description ofthe test cases. .........................

3.4 Results ofthe test calculations ........................

3.5 Spatial decomposition of thermal expansion effects ...........

3.5.1 Axial expansion reactivity decomposition .............

3.5.2 Radial expansion reactivity decomposition . ............

3.6 Modeling of thermal expansions - Summary of the results . . ......

4 Overall verification and validation of the extended DYN3D code

4.1 Phenix EOL control rod withdrawaltests ..................

4.1.1 Description of the control rod withdrawal tests ..........

4.1.2 Computational methodology .....................

4.1.3 Numerical results . ...........................

4.1.4 Control rod withdrawal tests - Summary of the results ......

4.2 Phenix EOL natural circulationtest .....................

4.2.1 Description of the unprotected stage of the transient . . . ....

4.2.2 Computational methodology .....................

4.2.3 Numerical results . ...........................

4.2.4 Natural circulation test - Summary of the results .........

5 Summary and future work

5.1 Thesissummary.................................

5.2 Recommendations for further research ...................

Bibliography

Thesis-related publications

viii

39

41

41

41

45

46

48

49

52

54

59

64

68

73

75

79

79

80

82

85

93

94

95

97

98

103

105

105

107

111

129

Curriculum Vitae

Contents

131


