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Context:

IRSN, Institut de Radioprotection et de Sureté Nucléaire, is the technical support
organization of the French regulator ASN for nuclear safety. The activities of the IRSN
SEMIA department covers especially the assessment of safety studies of industrials and the
corresponding research in the field of design basis accidents in nuclear power plants. This
concerns the Loss of Coolant Accident scenario that corresponds to the consequences of a
hypothetical pipe break in the primary loop of the plant.

During a hypothetical Loss of Coolant Accident within a nuclear power plant, the fuel rods
within the core may balloon by creep and partially obstruct the coolant flow, potentially
impeding their cooling. The flow deviation induced by the rods deformation has been
experimentally studied in the mock-up MASCARA [1] (see the illustration at the end of the
document) using Reynolds analogy and MRI (magnetic resonance imaging), allowing to get
a fine mapping of the flow velocity.

Work:

The main objective of the work is to study the consequences of the flow deviation on the
cooling of the fuel rods at the assembly scale. Based on the validation of the Code-Saturne
CFD computational tool [2] on the MASCARA experimental results, models will be defined
to describe the impact of ballooning on a simplified flow model used in the DRACCAR
software [3], [4] that describes the hydrodynamics at a so-called sub-channel scale!.

The study can be divided in different tasks:
1/ CFD simulation of flow deviation

CFD calculation of the flow deviation induced by different geometrical and flow-rate
configurations will be compared to experimental results in order to better understand the
flow just downstream deformed rods, where the deterioration of heat transfer may be
critical. Typical experimental results of the flow field through deformed geometry are shown
in the figure below.

L a single fluid node for the flow cross section between 4 neighbors fuel rods
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2/ Upscaling model of flow deviation

Cross-flows deduced from CFD in the region downstream deformed rods will be analyzed
for prescribing models for a sub-channel scale analysis.

3/ CFD simulation of convective heat transfer

Thermal heat transfer between rods and flow will be studied thanks to CFD in order to
identify the hot spots within the geometry and to relate their position to the previous
hydrodynamics study. The fluid considered will be steam taking into account its thermal
expansion that may induce an additional phenomenology.

4/ Upscaling model of single-phase heat transfer

Cross-flows and heat transfer intensity deduced from CFD in the region downstream
deformed rods will be analyzed for prescribing models for a sub-channel scale analysis.

S5/ Toward other geometries

The hereinabove studies are limited to a set of configuration of an array of 4x4 rods
deformed within a 7x7 rods array. The ability of modeling the phenomena on a more generic
fuel assembly geometry is required to study core geometry. Based on the previous analyzes,
recommendation for the design of new experiments or for the performance of additional
computations will be made. This work will be performed in interaction with both the
experimental IRSN department SEREX [5] at Cadarache and the LEMTA lab at Lorraine
University [6] where the MASCARA experiments have been performed.

6/ Two-phase flow heat transfer [optional]

In more realistic conditions, droplets flow within superheated steam act as an additional
cooling source of the rods. Previous studies will be complemented by modeling their flow
within the geometry based on an Euler-Euler two-phase model with heat and mass transfer
thanks to the Neptune-CFD software [7], [8].
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The MASCARA experiment:

Diagram of the device and the typical geometry for a ballooned 7x7 array of rods
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