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PHENIX SODIUM FAST REACTOR FUEL BUNDLE
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B SFR fuehssemblyusedin PHENIX
. ~200 pins + 20@rrappingwires (steel)

1 hexagonal boxs(eel)
. Smallwire/pin gaps ~0,1mm
- Sodium fluxthroughthe bundle
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OBJECTIVE : FUEL BUNDLE BEHAVIOR PREDICTION

B Phenomena
Loadings T°, Dose,FP gapressure
Thermalexpansion
Irradiationisotropicswelling
Thermalcreeping(low in normal conditions)
Irradiationcreeping

B Experimentalresultsfor severeirradiations
Numerouscontactsactivated: wire vs pin or HT
Pinsswellingandcreeping
Pinshelicalbow
Pinsovality after hard contacts (phase3 »)

Hot points if contacbetweencladdings
Potentialcladdingcrack by thermatreeping
Bumpson hexagonal box
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C2A A NUMERICAL CHALLENGE

B A multi-body problem
1 hexagonal box + 217 pins + 24ires
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A 7000to 14000 contact areas
Etc.

B Materialsare highlynonlinear

Swelling C T°, dose
Irradiationcreeping € T°, stress, dose

Thermalcreeping C T, stres$, dose
B Different scaledo look at

k Extremeprecisionrequired locally
Contacts andhelicalbow

C assemblyscale A fully detailed meshwould
Local damagby thermalcreeping C claddingskinscale require ~101° cubicelementd
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CZAa THE BUNDLE MODEL (LARGE SCALE)

B Simplifications
. Wire tensionneglected: fastrelaxation
. UO2 pellemechanicapresenceneglected: «soft contactwith cladding
. Claddingemperatureand dosegivenby dedicatedCEA codes

B Hexagonal tube
. Massive or She#flements

B Pins axiamodels
<—— . Hollowbeammodel on theneutralfiber (TUYAelementin Cast3M):
. Stresses due ttnternalpressure
. Modifiedto accesghe diametrechange

B Contact and local pin model
. Modified barr element , o
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CZA  THE EXTENDED BARR ELEMENT (LOCAL SCALE)

Connections : a new BARR element with strain localization

B A 1D model taepresentthe 3D nonlinear pinchingof a claddingportion under pressure

B On the base of a BAR#tement, enriched:
a) gap / contactunction
b) internal pressureC stress addition -bvality opposition
c) behavior: thermalelasticity+ swelling+ thermal & irradiationcreepings
d) damageevaluationC 3Dstraintensorlocalizationon theinner skin

P>0
BARRelement
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C2A THE EXTENDED BARR ELEMENT

B Onlyoneintegration point requiredto describe the local & global states !

A Irradiationcreepingis stresslinear (, ), andpredominant(in std cond)

>Fé. P>0 <

B Gapevaluation/ contact function

A Initial gap
A Relativemovementof the 2 pins
A Gapreductiondue tocladding+ wire swelling Givenby pinelements
A Gapreductiondueto creeping(internal Pressure)
with wall thicknessvariation crushing | F¢
<>

) A Gapincreasedue to ovalisation
A Ovality inducedby pinbending

A Contactsmoothingon 5 pm




C2A THE EXTENDED BARR ELEMENT

B Strainconcentration at the hot point goinglocal)
A Freestrain alreadyknown (everythingbut ovality)
A Strainconcentration due to ovalisatioonly (stampingt <0)
A1 isaninternalvariable of thebarr, similarto plastification

. . .. . /
A 2Dstraintensorrequired for precision(+ pressure axial stress),

Ao A feeod
A A (Y 1,6tk

Afes 4 )andy , () identified on anelasticdetailedcladdingcrushingcalculation

Completebehaviorintegrationat the hot pointonly C Qs 5, Qs »
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C2A THE EXTENDED BARR ELEMENT

B Contact force in thearr (goingback global)

F=De ¢

A Bothlocal stressesompute

=I+H=>>-” ‘(GPP CE 6

A"Y similarto abarrsection,but nonlinear due to ovality change(stiffnessdecreasg

. . T
Y () Y(")(P Yﬁ Y(g))

A"Q 4 0: stress concentration factorelatedt! ¥ » pandy , ,

ol -l - S
R 88823 2 a
———

— Q Q. _ Q 'Q. ' Tiv (isochore)
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C2A THE EXTENDED BARR ELEMENT

B Anti ovality effect of inside pressure
A Absolutelynot neglectableC "0 —(, S

A Internal opposition force :

=| F |= ||_8¢8:I-‘l¢
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Tt 5 P>0 &1>0

A The vertical extension of thevalityshapedependson] (elasticcharacterisatiol

i 0 "Q‘l‘r‘]'mc‘)(&) Q. >
U U —
()] Y

A Nonlineareffect of pressure an@reepingon the shapenot takeninto account
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C2A THE EXTENDED BARR ELEMENT

B Summary

Gap evaluation

A

Contact criterium

A

Peau interne [ Local strain tensor ]
5 PEEEY )
= ]
&) - ” 3D local behavior integration
= damage (Runge Kutta 4)
— \ Y J
O y
Ovalisation Update of F_barr and Ovality
v »

- de-concentration of ,,
- anti ovalisation force

\ } \ }
| |
3Delasticcharacterisation Hot pomt_anc! contact Force
computation in thebarr
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B +Wholemodel validation on 3 PHENRegralexperimentsC OK



C22A  SIMPLIFIED BUNDLE LOADINGS

Irradiation Dose Temperature

- Radial decrease
J13E+02 Dmax - 113 dpa
.64E+02
61E+02
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1.07E+02
' .02E+02 ' ||||||||||||'
97.
o1 |m“| .G5E+02
S2E+02

6. LA6E+02
. Dose :
70. 4 Dmax -
Mot 64. .
59. ! .
I 53. ' .
48, | .
43. i .
37. ' .
32. i .
26. ' LA2E+02 H
21,  time 33202 20°C time
16. 1441 Jours
10. .14E+02
4.7

Axial and radial gradients
giiigz - Thax ~ 600°C

. T4E+02

27E+02
17E+02

08E+02 12h 24h
S9E+02 Tmax
BOE+02
B0E+02
TOE+02

e S S S L R R

36E+02 T
.24E+02 I 1441 jours
.05E+02

Inside sodium pressureProfil axial constant 4 bar 1,79 bar au sommet
Outsidesodium pressure 1,85 barbottom -> 1,66 bar top

FP pressurefrom 10 to 40 bar

Matérials: 1515 Ti Evariantsand EM10(TH)
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