
Modified heat transfer model

 To obtain the temperature distribution of the particulate debris bed, we

seek to solve the unsteady one-dimensional heat conduction equation.

 At the wet cavity, water goes into the particular debris bed, so we can

divided by two parts, which are boiling zone and dry zone. The length

of boiling zone can be obtained from solving the equation for energy

conservation, mass conservation and momentum conservation.

 Main parameters for solving the heat conduction equation can be

written by follows
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Introduction

Backgrounds & Objective

 During the late phase of severe accidents in PWRs, the molten corium may be discharged into the reactor cavity if the lower head of the reactor

vessel is breached. The cooling and stabilization of the discharged molten corium in the reactor cavity is crucial to suppress further

accident progression such as molten core-concrete interaction (MCCI) which can cause the containment failure and significant release of

radioactive material outside the containment.

 KAERI is developing the module for the ex-vessel debris coolability [1, 2]. In this study, the module was validated on the initial cooling model by

comparing the analysis results with FARO experiment [3].

Simplified ex-vessel debris bed coolability module

 The cooling process of the ex-vessel corium debris can be divided like

melt jet breakup, particle dynamics, debris bed formation, and the its

cooling.

 Melt jet breakup: The jet break-up length is obtained by Epstein’s 

correlation:
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 Particle dynamics

- The particle movement is tracked by the kinetic equation

considering the fluid dynamic resistance.

- The heat release from a particle during a sedimentation. To evaluate

the particle temperature, it is assumed that the particle are lumped.

The particle temperature during a sedimentation is evaluated by the

energy conservation law.

- heff, Tw, Qde, and Ap are the effective heat transfer coefficient, the

water temperature, the decay heat, and the particle surface area.

 The debris bed shape is assumed as a cylindrical shape. The heat

transfer in the and cake is calculated with Eqs:

- 𝑄𝑐𝑎𝑘𝑒 = 𝑄𝑀𝐶𝐶𝐼 + 𝑄𝑏𝑡𝑚 − 𝑄𝑑𝑒𝑐𝑎𝑦
where Qbed is the heat transfer in the debris bed; Abed is the top

surface area of the bed; Qdecay is the decay heat; Qbtm is the heat input

at the debris bed bottom from the cake; QMCCI is the heat released by a

MCCI, and h is the heat transfer coefficient, which is determined by

comparing the effective heat transfer coefficient and DHF to a smaller

value. The Lipinski model was used to obtain the DHF value

Coolability module
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Results & conclusion

 FARO tests were selected as a benchmark

problem

 The FARO tests were designed to study the

integral corium melt jet/water mixing and

quenching behavior using UO2 based melt under

prototypical conditions.

 12 tests were performed that involved quenching of

18-177 kg corium melts in saturated and subcooled

water [3].

 we were first selected L-28 test as a benchmark

problem

Table I. FARO test conditions and results [3]
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FARO L-28 [3] COLAS-Saito
COLAS-Epstei

n

Hard debris, cake 

(kg)
77.48 69.41 52.5

Loose debris (kg) 84.52 105.59 109.9

 When comparing the Satio and Epstein’s jet break-up model with the experimental

results, it can be seen that the analysis results of the Satio’s model have a smaller

difference with the experimental results.

 The debris bed temperature was higher than FARO results at the beginning of the

debris bed cooling. The reason is that the minimum heat flux model was used at the

debris bed temperature is between CHF temperature and leindenfrost temperature. The

heat transfer model is currently being improved.

 Also, It can be seen that the temperature of the cooling water is well predicted.

 It is still underway to develop the debris bed heat transfer model. After developing 1-D

analysis model, it will be expanded to analyze the local temperature of various shaped

debris bed.

FARO experiments
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