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INTRODUCTION 

The LORELEI (Light-Water One-Rod Equipment for LOCA Experimental Investigation) test device in the 

Jules Horowitz Reactor (JHR) is dedicated to study fuel thermo-mechanical behavior during Loss of 

Coolant Accident (LOCA) in power reactors. By using a displacement device, the fuel sample moves in the 

neutron flux field and generates heat according to its location. A typical fuel clad temperature variation has 

been defined which simulates some specific thermal conditions as in a real LOCA scenario. The design of 

the LORELEI test device should be able to produce this temperature variation profile by the movement of 

the experimental setup on the displacement device.  

The goal of this study was to develop a numerical model that calculates, for a given geometry, the transient 

device position that will generate the desired clad temperature profile. The LOCA-type transient sequence 

has four major features: 

 An adiabatic heating of the fuel up to the ballooning and burst occurrence. 

 High temperature plateau which will promote clad oxidation. 

 Passive precooling by thermal inertia. 

This work will present the thermal analysis of the LORELEI test device, performed using the COMSOL 

model. The sensitivity of cladding temperature to various parameters such as cladding strain level, fuel 

porosity and oxidation reaction model was investigated. Figure 1 presents schematic representation of the 

cladding ballooning and strain level and experimental observation of cladding burst. Some results of the 

parametric study will be presented. 

 

THE NUMERICAL MODEL 

A 2D axisymmetric model was developed in COMSOL Multiphysics software. The power generated by the 

oxidation reaction of the Zirconium cladding, during the thermal sequence has been defined as a first order 

differential equation and was coupled to the temperature variation in the model. The system position was 

defined using a mathematical simulator (differential equation) of a PID controller that was respectively 

implemented in the same model. The PID controller calculates the position of the system and as an outcome 

the power that is generated in the fuel sample, for a required clad temperature profile. Another simulator of 

a PID controller was defined and implemented to meet the adiabatic conditions for the fuel sample, during 

the adiabatic heating phase.  

 



 
Figure 24: Thermo-mechanical behavior of the cladding during LOCA scenario (ballooning, different strain 

levels, and burst). 

 

RESULTS 

Figure 2 presents a typical result of the transient maximum cladding temperature profile (at the hot spot) and 

the corresponding position of the displacement device.  The hot spot temperature variation in time is similar 

to the required profile according to the experimental objectives and the displacement device position (in red 

line) throughout the experimental phases is in its range of motion. 

Measuring the hot spot temperature directly is not possible due to the possibility to interfere with the 

thermo-mechanical process (ballooning and burst). Measuring the hot spot temperature by a thermocouple 

located on the peripheral heating element was proposed. Figure 3 presents the fuel cladding temperature and 

the heater temperature.  As one can see, the inner wall temperature of the heater is typically following the 

temperature profile of the fuel cladding and gives indications for the ballooning higher temperature. This 

result support the feasibility to predict the hot spot temperature on the clad by measuring temperature on the 

heater.  

 

CONCLUSIONS 

According to the study presented, the conceptual design of the LORELEI test device has the ability to 

generate the conditions needed for all experimental phases. The current design is sufficiently robust to 

ensure safety in critical abnormal scenarios.  

The sensitivity of the device temperature to the occurrence of the ballooning was defined with the coupled 

COMSOL model and a method to control the experiment without direct measurement of the temperature on 

the clad, was suggested and verified.  

 

 



 

Figure 25.Displacement device position and cladding maximal temperature throughout the experimental 

sequence 

 

 
Figure 26.  Cladding and heater temperature profile for a typical ballooning (vertical lines represent possible 

TC location) 

 

 

 

 

 




