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A vapor explosion may happen when the hot liquid of the molten core contacts with the
cold fluid of the coolant in severe accidents. Water jet impingement on a molten tin drop,
which appears at collapse of a vapor film surrounding the hot drop, is analyzed in three
dimensions using a particle method to investigate the fundamental processes in vapor
explosions. As the result, the melt is extruded from the drop like filaments, which is the same
behavior observed in the X-ray photographs obtained by Ciccarelli and Frost. Rapid boiling
caused by spontaneous nucleation is necessary for strong fragmentation as shown in the
X-ray photographs. In the case of the molten core, the interface temperature falls below the
solidification temperature after direct contact with the water jets. Therefore, the rapid

fragmentation is unlikely and a strong vapor explosion is unlikely as well. A one-dimensional

This Research was Supported by the JAERI's Nuclear Research Promoting Program (JANP)
from 1998 to 2000.
* The University of Tokyo
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code for propagation of pressure waves is developed. A spontaneous nucleation model is
employed for thermal fragmentation. A one-dimensional test calculation of propagation of a
pressure wave is carried out. The present result agrees with the past calculations in

references.

Key words: Vapor Explosion, Severe Accident, Molten Core, Particle Method, Numerical

Analysis, Spontaneous Nucleation, Fragmentation, Pressure Wave, Water Jet, Boiling
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Fig.2.1 Fundamental processes in a vapor explosion>®
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c) Stage 3

b) Stage 2

a) Stage 1
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d) Stage 4.1
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Fig.2.2 Fragmentation model by Kim and Corradini
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Fig.2.3 X-ray photograph at fragmentation of a melt drop by Ciccarelli and Frost>
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Fig.2.4 Fragmentation model by Ciccarelli and Frost
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Fig.2.6 Interaction with neighboring particles
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Fig.2.7 Concept of gradient model in MPS method



JAERI-Tech 2002-013

Fig.2.8 Concept of Laplacian model in MPS method
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Fig.2.11 Convergence of error using finite difference method
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Fig.2.13 Non-uniform configuration of particles (z=0 plane)
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Fig.2.16 Relation between the radius of weight function and the number of neighboring particles
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Fig.2.17 Caiculation geometry of three-dimensional dam collapse problem
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Fig.2.18 Calculation result of three-dimensional dam collapse
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Fig.2.18 Calculation result of three-dimensional dam collapse (continued)
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Fig.2.18 Calculation resuit of three-dimensional dam collapse (continued)
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Fig.2.18 Calculation result of three-dimensional dam collapse (continued)
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Table 3.1

Calculation conditions

. Sy NEEE vy | SMEX(mm) | Y=y kA S(mm)
(m/s) (mm) -

(1 50 1.4 1.6 0.2
(2) 50 1.4 0.8 0.4
®3) 50 1.4 0.4 0.8
(4) 50 1.4 0.4 0.6
(5) 50 1.4 0.4 0.4
6) 50 2.0 0.4 0.8
(M) 50 3.0 0.4 0.8
® 50 1.4 0.4 1.0
)] 50 1.4 0.4 0.2
(10) 70 2.0 0.4 0.8
(11) 10 2.0 0.4 0.8
(12) 70 2.0 0.6 1.0
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Fig.3.1 Time history of filament height in X-ray photographs by Ciccarelli and Frost
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Fig.3.2 Calculation geometry
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Fig.3.3 Calculation result of case (12), Omsec, 0.28msec
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Fig.3.4 Time history of calculated filament height
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Fig.3.6 Time history of filament height in case (12)
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Fig.3.7 Particle position in calculation result (left), X-ray image estimated fromcalculation result (right)
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Fig.3.7 Particle position in calculation result (left), X-ray image estimated from calculation result (right) (continued)
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Fig.3.8 X-ray photographs at fragmentation of a molten tin drop by Ciccarelli and Frost
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Fig.3.9 Mechanism of filament formation -
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Table 4.1 Initial condition of one-dimensional problem of pressure wave propagation
in vapor explosion

Triggered zone Tube
o 04
o, 0.5
oy 0.01 0.1
of 0.09 ~0.0
T; [K] 350
T, [K] 374
T; [K] 3400
Dy [m] 0.005
P [MPa] 0.1




Saturation Temperature [K]

Saturation Enthalpy [J/kg]
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Fig.4.1 Saturation temperature
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Fig.4.2 Saturation enthalpy
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Fig.4.3 Pressure profile calculated by PROVER-I (each 0.5ms)
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Fig.4.4 Pressure profile calculated by MC3D and CULDESAC (each 0.5ms)



Fragmentation Rate [kg/(m’s)]
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Fig.4.6 Flow velocity distributions of phases at 2.5ms by PROVER-I
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