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ABSTRACT

When the molten core material relocates to the lower plenum of the reactor

vessel, the cooling process of corium and the related heat transfer mechanism have

been analyzed. The Critical Heat Flux in Gap (CHFG) test is being performed as a

part of Simulation Of Naturally Arrested Thermal Attack In-Vessel (SONATA-IV)

project and the state of art on CHF has been reviewed. A series of complex heat

transfer mechanisms of molten pool formation, natural convection in the molten

pool, solidification and remelting of the corium, conduction in the solidified crust,

and boiling heat transfer to surroundings can be occurred in the lower plenum.

Many studies are needed to investigate the complex heat transfer mechanisms in

the lower plenum because these phenomena have not been clearly understood yet.

On the contrary to the predictions by severe accident computer codes, the corium

in the TMI-2 severe accident was cooled down and retained within the lower plenum

of the reactor vessel without the reactor vessel failure. This fact made researchers

think of new cooling mechanisms enhancing heat transfer. As a result, three cooling

mechanisms were suggested and have been investigated: (1) Cooling by water in

gaps between the debris and vessel, (2) Cooling by water ingression into cracks, (3)

Cooling by enhanced area due to volume reduction. There were several efforts to

assess the contribution of each mechanism to the enhanced cooling but the

achievements are so few.

The SONATA-IV/CHFG experiments are being carried out to develop CHF

correlation in a hemispherical gap, which is the upper limit of heat transfer.

According to the experimental work carried out with pool boiling condition, CHF in a
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parallel gap is reduced by 1/30 compared with the value measured in pool boiling

condition. Some experimental results show that CHF in a gap is related with CCFL

phenomena. Several correlations were compared with each other to find out the

effects of parameters, it was found that Monde et al. and Chang & Yao correlations

were not appropriate to evaluate the TMI-2 accident in several works.

A basic form of a CHF correlation has been developed to correlate the

measurements that will be made in the SONAT-IV/CHFG experiments. That

correlation is based on the fact that the CHF in a hemispherical gap is enhanced by

CCFL and a Kutateladze type CCFL parameter correlates CCFL data well in

geometry like this.

The experimental facility consists of a heater, a pressure vessel, a heat

exchanger and lots of sensors. The experiments are carried out in the range of 1 to

10 atm and the gap size of 0.5, 1, 2 mm using water and Freon-113.

When coolant injection to the In-Vessel is restricted, external vessel cooling using

the cavity flooding system and containment spray system would prevent reactor

vessel failure. This severe accident mitigation strategy, which is important in the

time of coolant injection and the amount to be injected should be acted precisely,

because it may result in negative results. Concerned with the external vessel

cooling strategy, many experimental and analytical studies have been performed in

the world, but it is quite difficult to be generalized to all nuclear power plants, due to

plant specific features.
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