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INTRODUCTION 

The LORELEI experimental setup in the Jules Horowitz Reactor (JHR)
(1)

 is dedicated for the study of fuel 

during a Loss of Coolant Accident (LOCA). The main objective of the LORELEI
(2)

 (Light-Water One-Rod 

Equipment for LOCA Experimental Investigation) is to study the thermal-mechanical behavior of fuel 

during such an accident and to produce a short half-life fission products source term. In order to study those 

phenomena, the fuel sample will experience a transient neutron flux field, which in turn will generate a 

Linear Heat Generation Rate (LHGR) and determine the temperature of the fuel and its cladding, simulating 

the behavior of the fuel and the cladding during a LOCA accident.  

In order to reproduce a LOCA-type transient sequence, the experimental test device will be located on a 

displacement device. The displacement device moves the test device in the flux field in order to generate a 

representing LHGR in the fuel or temperature of its cladding. 

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. 

 Water re-flooding and quenching. 

The challenge in the thermo-hydraulic design of the LORELEI test section is in defining a one closed water 

capsule design that can operate as a thermo-siphon at re-irradiation phase and also can reproduce all LOCA-

type transient sequence phases. This design should be validated and verified to fill all safety and regulation 

requirements. 

This work aims to investigate fluid flow behavior of a single-phase thermo-siphon in the LORELEI test 

device, as part of the conceptual design and optimization study. The complexity of the flow field in the 

LORELEI test device, as a closed-loop thermo-siphon, is due to the opposing forces in the device - 

buoyancy forces and natural convection flow generated (mainly) by the fuel power in the hot channel, 

opposed by buoyancy forces generated by non-uniform gamma power generated in the device structure. 

As a first stage, an average 2D axisymmetric model was studied and compared with a 1D CATHARE 

analysis. Modeling of a 3D power distribution in the system, generated by gamma heating, presents a very 

complex flow field due to the asymmetric opposed buoyancy forces.  

 

NUMERICAL MODEL 

The numerical calculations were performed by FLUENT, commercial CFD software. As a consequence of a 

non-uniform axial and azimuthal power distribution of heat sources shown in Figure 1 and in order to have 

complete view of the flow, 3D geometry was used.  



 
 

Figure 1.  Non-uniform axial and azimuthal gamma heating distribution. 

 

Assuming axial middle plane symmetry, only a half of the experimental capsule body was simulated. 

Mapped mesh method was chosen for the model for its best fit for the flow direction. Solutions from 

different mesh size models were compared in order to insure solution mesh independence. The final mesh 

shown in Figure 2 consists of about 1.5M elements. 

 

Figure 2: Numerical mesh in a 3D model. 1.5M elements. 

Conjugated turbulent natural convection with heat transfer model was solved. As a viscous model for the 

flow, a RNG k-ɛ turbulence model with enhanced wall treatment was chosen. The pressure of the system 

was set to 70 bars, which is the nominal pressure of the re-irradiation phase. 

 

RESULTS 

The simulation shows that at the influx part of inner flask there is an azimuthal temperature distribution as a 

result of the azimuthal gamma heating distribution. This thermal azimuthal distribution generates local 

circulations in flow field. Figure 3 presents temperature and velocity radial and azimuthal distribution for 

water channels at fuel rod inlet, center and outlet cross sections respectively. 

 



  

a. Fuel bottom end cross section b. Fuel middle cross section 

 

 

c. Fuel top end cross section  

Figure 3: Velocity vectors and temperature contours at different cross sections 

 

CONCLUSIONS 

In this study, the thermosyphon flow in the LORELEI test device during the re-irradiation phase was 

analyzed. The strong gamma radiation field surrounding the test section generates non-uniform gamma 

power in the structure. The consequent flow field is irregular where circulations occur in the cold channel 

due to strong buoyancy forces. In order to improve the flow field, the balance between buoyancy forces and 

friction losses should be changed. 
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