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Fig. 1. Bundle of deformed fuel rods; Phebus LOCA experiments (1983) 

The French Institute for Radiological Protection and Nuclear Safety (i.e. IRSN) has launched, with the 
support of ANR (Agence Nationale de la Recherche), the PERFROI project [1], [2] for a six year 
period (2014-2019) with two main axes: thermal mechanics (axis 1) and thermal hydraulics (axis 2). 
The COAL experiments (in the axis 2), focuses on the outstanding issue of the coolability of a 
partially deformed fuel assembly [3], in particular the study of the thermal hydraulic behavior in the 
ballooned area, during reflooding phase by water injection with the safety systems.  
To understand and analyze the heat transfer at the fuel assembly scale, more detailed research 
activities foreseen in the laboratory of the Lorraine University will focus on the characterization of 
two phase flows with heat transfer [2] in deformed structures at the sub-channel scale using specific 
instrumentation such as Laser Induced Fluorescence (LIF) and Phase Doppler Anemometry (PDA) 
technics. 
 
2. THERMAL HYDRAULICS BEHAVIOR OF A PARTIALLY BLOCKED CORE 
ZONE DURING THE REFLOODING PHASE 
 
In order to limit the damage of the fuel assembly, the safety water injection system is activated to cool 
down and ensure the state of the reactor during a LOCA accident. It corresponds to the reflooding 
phase of the accident. The subcooled liquid flows in the pipe of the primary circuit of the reactor, then 
in the annular space of the vessel and finally reaches the bottom of the core. When the liquid enter 
goes in the core, a liquid level appears (called quench front) and three thermal hydraulic zones may be 
identified (Fig. 2). 
 

 

Fig. 2. Thermal-hydraulic phenomena occurring during the reflooding phase of a LOCA at the sub-
channel scale [4] 
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For the droplets flow, there are experiences for mono-dispersed and poly-dispersed droplets. For the 
first case, droplets are injected at high frequency thanks to a purpose-designed piezoelectric nozzle 
where the droplet frequency, velocity (V) and size (D droplet) at injection can be adjusted; for the second 
case, dense sprays injectors are used in order to analyze the effect of the distribution. The steam flow 
is generated by a steam generator which delivers a maximum mass flow rate up to 8.4 kg/h. At the exit 
of the generator, a heater is located in order to increase the steam temperature up to 300°C.  
The Venturi tube is heated at high temperature by Joule effect using an electric generator. To achieve 
this, two flanges are located before and after the contracted section of the tube. According with 
theoretical results taking into account the heat exchange by convection and radiation with the external 
air and the internal two-phase flow, an electric current near to 250A is used to heat the tube to 800°C 
using an electrical power of approximately 1.8 kW.  
Table 2 shows the range of thermal hydraulics parameters to be analyzed along the experimental test: 
 

Table 2. Thermal hydraulic conditions during reflooding scenario 

Inlet steam velocity Up to 12 m/s 
Inlet steam temperature 100°C - 300°C 
Inlet droplet velocity Up to 10 m/s 
Inlet droplet temperature  From room to saturation temperature 
Cladding temperature before reflooding 600°C to 800°C 
Electric power  5 kW 
Flow mass by steam generator Up to 8.4 Kg/h 
 
3.4 Experimental diagnostics 
 
Measurements are provided by specifics technics such as Phase Doppler Anemometry, Infrared 
cameras and Laser Induced fluorescence. 

Fig. 5. Scheme of thermal hydraulic circuit of the experimental test facility 
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