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Abstract

The study aims to develop the understanding of the mechanistic-type approach
to quantify drop deposition in nuclear fuel assemblies of Boiling Water
Reactors. This includes the effect of spacers. Spacers have a complex geometry
to serve their purposes, but optimization of them alone can improve the
thermal limit parameters in nuclear fuel assemblies. Thus, a mechanistic model
might prove useful to increase the safety of the reactor as well as economic
competitiveness of the nuclear power plant.

In this thesis, measurement techniques, such as mobile pressure rod and
Laser Doppler Velocimetry are developed and tested to provide local data of the
flow around spacers. It is shown experimentally that the effect of spacer on the
flow differs depending on the placement of the subchannel in the rod bundle.
Partly, because the spacer part differs, but also due to a global velocity profile
development. Very few studies in the literature indicate this effect. It is shown
that single subchannel models using Computational Fluid Dynamics (CFD)
can predict the average velocity increase downstream of the spacer; however,
they are not capable of calculating the spacer effect on turbulence parameters.
The single subchannel CFD model has limited capability to predict the pressure
development inside the spacer part, mainly because cross-flows are not taken
into consideration.

The deposition of drops in annular two-phase flow is still a scientific
challenge. Only empirical correlations are used nowadays to quantify this
process. Empirical coefficients are needed for each spacer type to calculate
the deposition increase due to obstacle. The discussion about the deposition
starts with the phenomenological description. The important input parameter,
namely drop size, is carefully analysed, and a new correlation is proposed to
calculate the mean drop diameter. The correlation is constructed on a larger
experimental data base. Lagrangian Particle Tracking model is tested in its
capability to calculate deposition. Additionally, a Eulerian-type model is
developed and tested. Turbulent parameters of drops are tightly related to the
turbulence of the gas phase and the inertia of the drops. Several approaches are
discussed about how to calculate the root-mean-square fluctuating velocities
of drops. Both, Lagrangian Particle Tracking and the Eulerian-type of models
show good capability in calculating the obstacle effect on deposition, providing
improvements are made in prediction of drop size. The effect of increased drop
concentration plays a large role and it must be taken into consideration if good
quantitative approaches are envisaged.
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