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It is important to make a reasonable evaluation of coolability of debris bed with decay heat source in
assessing post accident heat removal of a liquid metal cooled fast reactor. In general, the coolability of fuel
debris depends on coolant convection, boiling and debris bed movement. In the present study, to
understand fundamental characteristics of debris movement, self-leveling behavior caused by the coolant
boiling was investigated experimentally using simulant materials. The present experiments employed
depressurization boiling of water to simulate void distribution in a debris bed, which consists of solid
particles of alumina. A rough estimation model of self-leveling occurrence was proposed and compared
with the experimental results. Its extrapolation to reactor accident conditions was also discussed. In
addition, solid-liquid flow experiments, which are relevant to debris bed movement behaviors, were
analyzed to verify the validity of multiphase flow models employed in a safety analysis code. In the
present verification study, basic validity of the code was demonstrated by analyzing experiments of

water-column sloshing with solid particles.
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#E (gem’) 3.6
BMER (W/m - K) 37
e E (kkg * K) 0.8
IR EYEER SR (cm®/s) 0.12

#F 2 TN FRIFOFTER

(E££0.84—1 mm)

bR — 2 (%)
BRI+ sg
(B 0.5 mm)
IR T 53
(E£% 2 mm)
IR T 0
(IJB4E 6 mm)
FEERTERLF
52

F 3 KRR K O S BE, BE 0O FFATE R

. UBREIER] [s] | HARE | REEE AREE ARKRHE
B — A e e . .
(%5 1—11 ) [kJ] AR [Wiee] | I [g/s] | HE [ce/s]
BRIk 1
. 134 95 0.17 0.31 1,070
(E££ 0.5 mm)
BRIk 1
) 91 112 0.29 0.53 1,930
(EA 2 mm)
ERTRL 1
) 69 106 0.37 0.67 2,370
(E£ 6 mm)
BRI T
i 203 179 0.21 0.38 1,340
([EA% 0.84—1 mm)
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R 4 BTN T ORALF T 2 /1B OFERK

Range of deviation

Author(s) Range Relationship for Cp in Co (%)
Rumpf Re <10 2+24/C,, 31t0-5
Lanmuir and 24 0.63 -4 1,138
Blodgett 10<Re <100 Re (1+0.197Re™™ +2.6 x10™" Re °) +6to +1
Schiller and 24 0.687
Nauman 100 < Re < 800 Re (1+0.15Re™™") +5to 4
24
Lapple 800 < Re < 1000 R—(l +0.125Re""?) +5to -8
e
6 21
Kurten et al. 1000 < Re < 4000 0.28 + W + g +7 to -6
Abraham 4000 < Re < 6000 0.2924(1+9.06 Re "?)? +9 to -6
. . 24
Clift and Gauvin 000 < Re <3 x10° R—(l +0.15Re"%7) +6 to -4
e

£ 5: HETHCAVIHEERRT 7Y Ry REM:

B OK-ALO;) | & (Na-UO,)
hy AR ORI [Jkg] 2.26x10° 4.26x10°
H : 77VXy FOEEYES [m] 0.155
q  BREET T YRy ROREVEE [Wiem’] 0.17~0.37 20 ~30
e 77Uy FOZERR 0.5 0.5
py  WERF ORFZRKEE kg/m’] 0.293 0.157
p, o WHEHM ORFIRIKEE [kg/m’] 0.972x10° 0.753x10°
p, 1 KT (F7V) OBHE [ke/m’] 3.6x10° 10.97x10°
Hy o IEMZRROREERREL [Pas] 12.1x10°° 17.6x10°°
o WEIBEAR OREMELREL [Pas] 0.282x10™° 0.157x10°°
c, = WAMIEEROLEEE [J/(kgK)] 4.20x10° 1.28x10°
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Classification of Sloshing test Geometry Obstacles in the flow
Experiments

SA Symmetric Dam break
Symmetric Water step

SB Asymmetric Dam break

SC Symmetric Dam break Symmetric rings at the pool
Symmetric Water step bottom

SD Symmetric Dam break Symmetric rod structure
Symmetric Water step Asymmetric rod structure

SE Symmetric Dam break Particles in the flow

(Hi#) Maschek, W., Roth, A., Kirstahler, M., Meyer, L., “Simulation Experiments for Centralized
Liquid Sloshing Motions,” KfK report, KfK5090 (Dec. 1992).
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) Type of obstacle/disturbance:
Diameter of | Height of water (cm) .
Experimental particles
i central
series Type _ Particle height , o
. water inner outer Particle height in
signature . in central
cylinder(cm) | cylinder | cylinder outer cylinder(cm)
cylinder(cm)
SA D1-3 Dam 11 20 - - -
SE D1P-1 break 11 20 - - 1
Experimental Diameter of | Height of water (cm) Asymmetry of central water
series Type central water Inner Outer cylinder.
signature cylinder(cm) | cylinder | cylinder Off-centeredness (cm)
SB D1A-2 Dam break 11 20 - 8.25

(Hi#) Maschek, W., Roth, A., Kirstahler, M., Meyer, L., “Simulation Experiments for Centralized
Liquid Sloshing Motions,” KfK report, KfK5090 (Dec. 1992).

#F 8: AuvI U ISRABRER

Slosh at outer container wall Slosh at pool center
Experimental
series Arrival time at | Time of maximal Maximal Time of first peak First peak
signature wall (sec) height (sec) height (cm) height (sec) height (cm)
SA D1-3 0.20£0.02 0.4210.02 16.0+1.0 0.88+0.04 40.0+5
SE D1P-1 0.28+0.02 0.40£0.02 10.0/8.0£1.0 0.80£0.04 25.0£5.0

Experimental

series signature

Slosh at left wall

Slosh at right wall

Time of maximal

height (sec)

Maximal height

(cm)

Time of first peak

height (sec)

First peak height
(cm)

SB D1A-2

0.36+0.02

14.0£2.0

0.48+0.02

24.0£2.0

(Hi#) Maschek, W., Roth, A., Kirstahler, M., Meyer, L., “Simulation Experiments for Centralized
Liquid Sloshing Motions,” KfK report, KfK5090 (Dec. 1992).
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Calculation results Conditions
. Slosh at outer container wall Slosh at pool center
. Experimental
Calculation . Arrival | Time of Time of Number of
series ) Momentum
case name . time | maximal | Maximal | first peak | First peak | azimuthal |
signature diffusion term|
atwall | height |height(cm)| height |height (cm)| meshes
(sec) (sec) (sec)
SA 2D DIS| SAD1-3 0.20 0.37 18.3 - >50 1 Yes
SE 2D DIS| SED1P-1 0.25 0.44 26.0 - >50 1 Yes
SA_3D SAD1-3 0.19 0.4 15.5 0.89 42 32 No
SE_3D SE D1P-1 0.21 0.36 11.0 0.82 32 32 No
SA 3D _DIS| SAD1-3 0.19 0.39 15.3 0.89 42 32 Yes
SE_3D_DIS| SED1P-1 0.21 0.36 10.5 0.82 27 32 Yes
F 10 : BIR_MWICBIT D7 A MY v 7 RITRER (-0 5R)
Calculation results Conditions
, Experimental| Arrival | Time of | Maximal First peak
Calculation , Time of Particle
series time maximal | height at height at | Momentum
case name ) first peak viscosity
signature at wall height | outer wall pool center |diffusion term
height (sec) model
(sec) (sec) (cm) (cm)
SE_3D SE D1P-1 0.21 0.36 11.0 0.82 32 No Yes
SE_3D_DIS_
SE D1P-1 0.21 0.35 10.0 0.83 36 Yes No
NOPV
SE_3D_DIS | SE D1P-1 0.21 0.36 10.5 0.82 27 Yes Yes




JAEA-Research 2009-006

F 1R e v SRBROMBATRE R (v-y-z KR)

Results

Slosh at outer container wall

Slosh at pool center

Symmetric sloshing case Calculation
Time of Time of i
name Arrival time Maximal First peak |mesh condition
maximal first peak
at wall (sec) height (cm) height (cm)
height (sec) height (sec)
SA D1-3 (exp.) 0.204+0.02 | 0.42+0.02 16.0+1.0 0.88+0.04 40.0+5 -
SA_3D_DIS_XYZ_S 0.20 0.4 17.25 0.88 36.0 Coarse mesh
SA_3D_DIS_XYz 0.20 0.4 18.75 0.88 >50 Fine mesh
£ 12: EXRNHRA v VU TRBROBITRER (x-y-z KR)
Condition Results
) ) Slosh at left wall Slosh at right wall )
Asymmetric sloshing case Position Calculation
Time of Time of -,
name from the First peak First peak |mesh condition
first peak first peak
center (cm) height (cm) height (cm)
(sec) (sec)

SB D1A-2 (exp.) 8.25 0.36+0.02 14.0£2.0 0.48+0.02 | 24.0+2.0 -
SB_3D_DIS_ASY_XYZ_S 8.00 0.36 16.75 0.46 16.5 Coarse mesh
SB_3D_DIS_ASY_XYZ 8.00 0.36 17.25 0.48 21.0 Fine mesh

SB_3D_DIS_ASY_XYZ_8.5 8.50 0.36 17.25 0.48 21.0 Fine mesh
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(Hi#) Maschek, W., Roth, A., Kirstahler, M., Meyer, L., “Simulation Experiments for Centralized Liquid
Sloshing Motions,” KfK report, KfK5090 (Dec. 1992).

X 21:SA-D1-3 B (BB CTHERINhERu vy U 7238 [172]
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(Hi#) Maschek, W., Roth, A., Kirstahler, M., Meyer, L., “Simulation Experiments for Centralized Liquid
Sloshing Motions,” KfK report, KfK5090 (Dec. 1992).

X 22 : SA-D1-3 HABR (BB CHERINhERu v v J23E) [22]
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(H4Ht) Maschek, W., Roth, A., Kirstahler, M., Meyer, L., “Simulation Experiments for Centralized Liquid
Sloshing Motions,” KfK report, KfK5090 (Dec. 1992).

X 23 : SE-D1P-1 3Bk (E¥R 2 MH3K) TEEINR 1 v v v JEH)
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(Hi#) Maschek, W., Roth, A., Kirstahler, M., Meyer, L., “Simulation Experiments for Centralized Liquid
Sloshing Motions,” KfK report, KfK5090 (Dec. 1992).
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(a) 2-D calculation (Case: SA_ 2D _DIS)

1.0

|
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(b) 3-D calculation (Case: SA_3D_DIS)
X 26 : SA-D1-3 B (BHAR) BT TRLONICA R v v 7 EH)
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(a) 2-D calculation (Case: SE 2D _DIS)

(b) 3-D calculation (Case: SE_3D_DIS)
28 : SE-DIP-1 #liR ([ 2 AH3) AT TIF DA A m v oo 7 2EE)
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Horizontal cross section
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(a) Coarse mesh case
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(b) Fine mesh case

29 : x-y-z FEAER % 2 SA-D1-3 B (BHRHAR) T ER
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(a) 2-D view (Case: SA 3D DIS XYZ)
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(b) 3-D view (Case: SA 3D _DIS XYZ)
X 30 : SA-D1-3 R SHRER) Birci/bohizxo vy v 7 ZH)
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Horizontal cross section
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(a) Coarse mesh case

31 : x-y-z BEAER Z V7= SB-DIA-2 B GExthRrm v v ) @R

(b) Fine mesh case
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(a) 2-D view (Case: SB_3D DIS_ASY XYZ)
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(b) 3-D view (Case: SB_3D DIS ASY XYZ)
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Interface area per unit volume [1/m]
Cross sectional area of bed [m’]
Heat capacity [J/kg/K]

Specific heat capacity of liquid coolant [J/kg/K]
Drag coefficient for a particle in two-phase flow [-]

Particle diameter [m]
Gravitational acceleration [m/s’]

Vaporization rate of coolant from bed [rn3/ s]

Specific heat of vaporization for coolant [J/kg]

Height of bed [m]
Decay heat per unit volume [J/m’]

Heat generation rate from bed [W]

Reynolds number [-]

Average velocity of two-phase flow [m/s]
Coolant vapor velocity at the top of the bed [m/s]
Quality [-]

Void fraction [-]

Coolant subcooling [K]
Porosity [-]
Density of saturated coolant vapor [kg/m’]

Density of liquid coolant [kg/m’]

Average density of two-phase flow [kg/m’]
Density of particles [kg/m’]

Viscosity of gas [Pa s]

Viscosity of liquid [Pa s]

Viscosity of two-phase flow [Pa s]
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