


































































































































































































 

 

 

Figure 4.2-1 Geometrical setup for simulation of pure-melt freezing experiments 
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Figure 4.3-1 Transient penetration length in the case of pure melt (Case P-2)
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Chapter 5 

Conclusions 

 

 In this study, fully Lagrangian simulations based on the finite volume particle 

method for multi-component, multi-phase flows have been performed to analyze a set of 

heat transfer processes after the formation of fuel/steel mixture pool in the EAGLE in-pile 

ID1 test, and local meso-scale freezing and penetration behavior of melt flowing into 

narrow channel geometry in a seven-pin bundle. The main outcome of the present study is 

summarized as follow: 

 

1. The simulation methods used for the analyses of the EAGLE in-pile ID1 can 

represent key thermal hydraulic behaviors involved in local thermal attack of the molten 

pool mixture to the duct wall, fuel crust formation on the wall surface and so on without 

empirical models such as flow regime map and heat-transfer correlations; 

 

a. Mechanisms of effective heat transfer from the molten pool to the duct wall were 

clarified through parametric simulations on material distribution in the molten pool 

after its formation. 

b. The simulation results indicate that effective pool-to-duct wall heat transfer is caused 

by local contact of molten steel with high thermal conductivity to the duct wall. As a 

result, the duct wall is exposed by large thermal load with heat flux more than 10 

MW/m2, which is driven by nuclear heat in the fuel. 

c. Although the molten fuel can freeze on the duct wall surface as crust, it would not 

deteriorate the pool-to-duct wall heat transfer largely due to its local and discrete 

formation. 
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