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Parameter SF2 post-test calculation with ATHLET-CD

e Input model, boundary conditions
e Input parameter

e Calculation results with standard modelling of entrainment
and interfacial friction

e Quenching with earlier onset of entrainment and increased
interfacial friction

e Conclusion
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Cladding oxidation model

5000

ATHLET-CD new Oxidation Model: Mass Gain 26.11.2002

Rate constant (g2/cm?/s) ] | |
A X IOXMOD
_ - “ @ 12: Kawasaki
XP| - A -eXp (_Ei /T) ° A 13: Leistikow
§§\I 1000 - A - 14: Kaw./Fut.
X ] A —A- 15; Cat./Pra.
_ _ o é\' 500 k ‘ . 16: Cat./Urb.
Oxidation limitation € &I\X\‘ Al —X- 18: Sokolov
9o ] \\ ) 19: Lei./Pra.
O) S
i i Limit A
2, 100 \‘k <
* 1 A
g \ T
. ° 1500 K
Mass gain (g/cm?2) S 104 \
m 4
4 C 1
dm . Ri 8 51
. [ T,. \\\
aom g 2200 K N
m A
17 \\\%‘
Used correlation IOXMOD = 19 0.5 e et I N S N
Leistikow / Prater-Courtright 0.35 0.4 0.45 0.5 0.55 0.6 0.65
(Sokolov: IOXMOD = 18) Reziprocal Temperature 1000/T (1/K)
13th Meeting of CEG-SAM  Budapest, Hungary, March 3-6 2008 klaus.trambauer@grs.de 04/03/08 3/12



I 8§ T C
BSARL GRS -
. e
_ Top flooding M oH T O
Parameter SF2 input model P P Condensor
‘_E H-UPWALL ﬁ
e Flow simulation i —
— In_plpe V; §? —= JACKETIN | —
GRID6 i&é | . .
— Bundle 85.7% 1 o N | Cooling inlet
— Bypass 14.3% § ]
— Oﬁ-plpe GRIDS §§é ]
Cooling S " § ]
- » N\
Structures E’ i § N
° Y
CS' GRID4 §é ]
— Rods 1/6/12 = ]
= N
— i C-R2RS ix? SHROUD JACKETTUBE
Grids % B §
— Shroud g > § B
— Insulation 0 - b
T %é H
— Cooling > § |
GRID1 > %%2 I
S Cooling outlet
V— 3&? L JACKETOUT |
Top part 305 mm _
Heated length 1275 mm : g | ——
Bottom part 370 mm Steam inlet >

H-INPIPE

Bottom flooding

13th Meeting of CEG-SAM

Budapest, Hungary, March 3-6 2008 klaus.trambauer@grs.de 04/03/08 4/12



BSAR GRS L

— 12 M HTDI
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Cladding temperatures
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Hydrogen and oxide layer

e hydrogen generation is simulated in good
agreement with test data (besides period at
~12000s) with Leistikow / Prater-Courtright
oxidation model

e oxidation with Sokolov kinetic data leads to
underestimation of hydrogen mass

e resulting hydrogen mass: 22.3 ¢
(measured: 24 — 28 g)

e calculated cladding oxide layer thickness at
end of pre-oxidation phase max. ~250 um
(assumed as ~150 — 200 um in test)
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Quench front, discharged mass, 2 MHETN
and pressure - - )
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Modelling of interfacial friction for vertical flows

e Bubbly, slug and churn flows:

— Interfacial friction coefficient C; calculated as a function of drift-related parameters
obtained from the full-range flooding based drift-flux model:

C=a (1—a) Q(PLZ—PG)
Vo,

e Annular, annular-mist flows:

2
1 9 (p, —ps) (1+17.67a>
C ==(-
=5 a)pe\/ - 18.67¢°

e Transition between churn flow and annular flow is determined by
entrainment fraction

e Proposed change for PARAMETER SF2 additional calculation:

— Reduction of the limiting steam superficial velocity for onset of entrainment

— Increase of interfacial friction coefficient for annular flow and annular-mist flow
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uench with earlier onset of entrainment 1 .l
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Conclusions

Post-test calculation of PARAMETER SF2 test with ATHLET-CD
results in an overall good agreement between calculated temperatures
and measured data

Hydrogen generation is underestimated by the zirconium oxidation correlation
of Sokolov

Kinetics of Leistikow / Prater-Courtright lead to a well predicted hydrogen mass

Due to delayed onset of entrainment, the liquid injected at the top
drops down too fast and
the pre-cooling in the lower bundle region is too strong

Increased interfacial friction for annular flow and annular-mist flow
allows a better prediction of the cooling at lower elevations

The liquid mass collected in Tank 6 would allow to evaluate the
discharged water mass (13 kg)

Additional information on condenser tank (geometry and nominal operation
conditions) is needed for improved simulation
of bundle pressure increase after quench initiation
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