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Abstract

During the case of a hypothetical severe accident in a light water reactor,
core damage may occur and molten fuel may interact with water resulting in
explosive interactions. A Fuel-Coolant Interactions (FCI) consists of many
complex phenomena whose characteristics determine the energetics of the
interactions. The fuel melt initially undergoes fragmentation after contact with
the coolant which subsequently increases the melt surface area exposed to
coolant and causes rapid heat transfer. A substantial amount of research has
been done to understand the phenomenology of FCI, still there are gaps to be
filled in terms of the uncertainties in describing the processes such as breakup/
fragmentation of melt and droplets.

The objective of the present work is to substantiate the understanding in
the premixing phase of the FCI process by studying the deformation/pre-
fragmentation of melt droplets and also the mechanism of melt jet breakup.
The focus of the work is to study the effect of various influential parameters
during the premixing phase that determine the intensity of the energetics in
terms of steam explosion. The study is based on numerical analysis starting
from smaller scale and going to the large scale FCI. Efforts are also taken
to evaluate the uncertainties in estimating the steam explosion loads on the
reactor scale.

The fragmented core is expected to form a porous debris bed. A part of the
present work also deals with experimental investigations on the coolability of
prototypical debris bed. Initially, the phenomenology of FCI and debris bed
coolability is introduced. A review of the state of the art based on previous
experimental and theoretical developments is also presented.

The study starts with numerical investigation of molten droplet
hydrodynamics in a water pool, carried out using the Volume Of Fluid (VOF)
method in the CFD code ANSYS FLUENT. This fundamental study is related to
single droplets in a preconditioning phase, i.e. deformation/pre-fragmentation
prior to steam explosion. The droplet deformation is studied extensively also
including the effect of the pressure pulse on its deformation behavior. The
effect of material physical properties such as density, surface tension and
viscosity are investigated. The work is then extended to 3D analysis as a part of
high fidelity simulations, in order to overcome the possible limitations of 2D
simulations.

The investigation on FCI processes is then continued to the analysis on melt
jet fragmentation in a water pool, since this is the crucial phenomenon which
creates the melt-coolant pre-mixture, an initial condition for steam explosion.
The calculations are carried out assuming non-boiling conditions and the
properties of Wood’s metal. The jet fragmentation and breakup pattern are
carefully observed at various Weber numbers. Moreover, the effect of physical
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and material properties such as diameter, velocity, density, surface tension and
viscosity on jet breakup length, are investigated.

After the fundamental studies, the work was extended to reactor scale
FCI energetics. It is mainly oriented on the evaluation of uncertainties in
estimating the explosion impact loads on the surrounding structures. The
uncertainties include the influential parameters in the FCI process and also
the code uncertainties in calculations. The FCI code MC3D is used for the
simulations and the PIE (propagation of input errors) method is used for the
uncertainty analysis.

The last part of the work is about experimental investigations of debris
coolability carried out using the POMECO-HT facility at KTH. The focus is on
the determination of the effect of the bed’s prototypical characteristics on its
coolability, in terms of inhomogeneity with heap like (triangular shape) bed
and the radial stratified bed, and also the effect of its multi-dimensionality.
For this purpose, four particle beds were constructed: two homogeneous,
one with radial stratification and one with triangular shape, respectively. The
effectiveness of coolability-enhanced measures such as bottom injection of
water and a downcomer (used for natural circulation driven coolability, NCDC)
was also investigated. The final chapter includes the summary of the whole
work.
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