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[CORE COOLABILITY DURING
A LOSS-OF-COOLANT ACCIDENT]
Enhancing Nuclear Safety

The objective of the PERFROI project is to study thermomechanic deformation and
reflooding phenomena of an assembly in a nuclear core reactor during a loss-of-coolant
accident (LOCA) transient.
Context
During an accident sequence causing the loss of the primary coolant, partial or even complete drying of the fuel
assemblies may occur. In these conditions, the temperature increase in the fuel rods and the coolant pressure drop
in the reactor system may lead to significant cladding deformation. In the deformed area - shaped like a “ balloon “,
fragmented fuel can accumulate and contribute to the temperature increase, which may impair the core coolability
with the safety injection (emergency core cooling system). The objective of the project which contains two parts,
thermomechanics and thermohydraulics is to characterise on one hand the geometry and the thermomechanical
properties of the rod cladding and on the other hand the coolability of the fuel rods during reflooding.

Thermomechanic aspects
This part includes two types of experiments
developed by IRSN in its MAESTRO platform: ELFE
on cladding samples for the determination of creep
laws and failure criteria and COCAGNE on small
rod sections to investigate the deformation in
the presence of neighbouring rods by taking into
account the contact between rods observed in
many experiments in a bundle configuration (such
as Phebus LOCA).
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The COCAGNE experiments are performed with 60 cm
long rod sections with internal pressure up to 200 bar
and heated to high temperature (1000°C). The test
device is equipped with innovative instrumentation:
UV pyrometer for temperature measurements, laser
telemetry for deformations, ultrasonic signals to detect
contacts ‘time and position’.
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The COAL experiments are performed with electrically heated rods in a 7 x 7 bundle geometry type (49 rods
including 16 deformed rods), with a height of about 3 m (scale ~1). The fuel relocation into the blocked areas
(figure below) is simulated by a local power increase inside the balloons. The main thermohydraulic parameters
of the tests are the system pressure to cover all sequences of the accident (reflooding at high and low pressure)
and the injected water flow rate. Other parameters studied concern the deformed geometry of the rods
(blockage ratio and length of the balloons). These experiments with test devices designed by IRSN, are performed
in the BENSON thermohydraulics loop of AREVA (Erlangen, Germany) which has characteristics adapted to the
conditions of a reflooding at low pressure and intermediate pressure.
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Thermohydraulic aspects

