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Analysis of High Rayleigh Number Natural Convection in a Pool
with Heat Generation
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Abstract

The Rayleigh Number of molten pool in a severe accident is very high due to the decay heat
of corium material. This High Rayleigh number flow has been studied with experiments and
numerical methods for many years. Some correlations for heat flux depending on the Rayleigh
number are developed from the experimental and numerical results. In this study Mayinger
and mini-ACOPO experiments are analyzed numerically using LILAC which is a
multi—-dimensional thermo-hydraulic analysis code for a molten pool. Local and averaged heat

fluxes on the pool boundaries are compared with their experimental results.
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Fig. 2 Geometry and boundary conditions for natural convection in a rectangular cavity with

volumetric heat source.
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Fig. 3 Comparison of average Nu number at (a) upper wall, (b) side wall, (c) downward wall
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Fig. 4 Geometry and boundary conditions for natural convection in a semicircular cavity with

volumetric heat source.
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Fig. 5 Comparison of average Nu number at (a) upper wall, (b) downward wall

(a) (b)

Fig. 6 (a) Velocity vectors and (b) temperature contours at Ra’=10"
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Fig. 7 3-dimensional calculation of natural convection in a semicircular cavity with volumetric

heat source. Temperature field at Ra’=10"
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Fig. 8 3-dimensional results of average Nu number at (a) upper wall, (b) downward wall
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Fig. 8 Calculated temperature contours for mini~ACOPO B3 experiment, (a) T=300s, (b)

T=420s.
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Fig. 10 Distributions of local Nusselt numbers over the lower boundary.
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