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Description of the facility 

The main object of the present PhD research project is the experimental and numerical analysis (mainly with CFD codes) of the flow blockage phenomena in a HLM cooled bundle; in 

particular, its thermal-hydraulic effects on the coolant and on the pins near the blocked sub-channels and on the whole FA. 

Numerical simulations have a key role in the thermo-fluid dynamic analysis of these reactors due to the limited knowledge and data availability for these coolants. 

An appropriate test section was designed, procured and will be installed in the HLM NACIE-UP facility at the ENEA Brasimone R.C for the experimental investigation of flow-blockage 

phenomena in a pin bundle. Experiments will provide a unique set of data for validation of numerical approaches and turbulence models. 

The PhD activity is developed in collaboration with ENEA Brasimone R.C., in particular, the experimental activity require long term missions at ENEA. 

This activity is framed into the SESAME international project, in particular the Work Package 2 for the core thermal-hydraulic study where both ENEA and DICI are partners. 

 NACIE-UP is made of stainless steel (AISI 304). It was designed to work up 

to 550°C and 10 bar. The facility includes: 

 The Primary side filled with LBE, with 2.5 in. (63.5 mm) pipes. It consists 

of two vertical pipes, working as riser and down comer, two horizontal pipes 

and an expansion tank; 

 A Fuel Pin Simulator (19-pins) 250 kW maximum power, placed in the 

bottom of the riser of the primary side (new BFPS test section); 

 A Shell and tube HX with two sections, operating at low power (5-50 kW) 

and high power (50-250 kW). It is placed in the higher part of the down 

comer; 

 A prototypical thermal flow meter (0-20 kg/s), located in the cold leg; 

 3 bubble tubes to measure the pressure drops across the main components 

and the pipes; 

 Differential pressure transducers (1 mbar accuracy) for the test section; 

 Several bulk thermocouples to monitor the temperature along the flow path 

in the loop; 

 The Secondary side, filled with water at 16 bar, connected to the HX, shell 

side. It includes a pump, a pre-heater, an air-cooler, by-pass and isolation 

valves, and a pressurizer with cover gas. 

 8 pull tab ‘rods’ will be pulled or pushed to fix the blockage configuration 

 4 blockage configurations are feasible 

 A cam eccentric mechanism will fix rods in position 

 In the context of GEN-IV HLM reactors safety studies, the 

flow blockage in a fuel sub-assembly is considered one of 

the most important and realistic accident for Lead Fast 

Reactors (LFR) fuel assembly. 

 The blockage in a fast reactor Fuel Assembly (FA) may 

have serious effects on the safety of the reactor leading to 

the FA damaging or melting. The blockage of the FA may 

impair the correct cooling of the fuel pins, be the root cause 

of anomalous heating of the cladding and of the wrapper 

and potentially impact also fuel pins not directly located 

above or around the blocked area. 

 FA blockage (total or partial) has been extensively analyzed 

since the early days of fast reactors. The main focus of 

these analyses is determining the effects of a blockage on 

the temperature (cladding and coolant) and pressure 

(coolant) inside the FA as well as at the outlet of the 

subassembly, and the optimal detection techniques. 

 Especially for internal blockage, the CFD analysis is 

mandatory to capture the physical phenomena involved like 

local recirculation and temperature peaks. 

BFPS pre-test simulations for fixing instrumentation (NED journal article) 

 The instrumentation is fixed according to pre-test CFD studies, the BFPS test 

section was designed, built and delivered (July 2017), The experimental 

campaign is foreseen at the end of 2017. 

 A CFD benchmark activity (ENEA/UniPi, NRG, PoliMi, UniGe, CRS4) is 

ongoing with NURETH and journal papers. 

 The thermal-hydraulics of the new BFPS test section is analyzed for one 

relevant blockage with different CFD codes and different approaches. All 

general trends are well captured by RANS and URANS simulations even if 

there is a remarkable difference between the exact values of these trends (in 

particular their maxima and minima). 

 Post-processing and interpretation of the data from the NACIE-UP experimental 

campaign (2018). 

 Developing of model and simulations for post-test CFD analysis using ANSYS 

CFX + benchmark CFD analysis with other partners (NRG, ANN, CRS4 and 

other universities). 

 Validation of turbulence models and Implementation of suitable turbulence and 

heat transfer  model for Heavy Liquid Metals  in the code ANSYS CFX for 

comparison with experimental data (2018-2019). 

 Developing of a CFD model for the ALFRED FA in order to preliminary 

investigate the thermal-hydraulic effects of different flow-blockages on 

ALFRED reactor 

Test name 
Mass flow rate 

[kg/s] 

Blockage 

type 

Power 

[kW] 

BFPS inlet temperature [°C] 

BFPS-4-0 4 0 24 200 

BFPS-8-0 8 0 47 200 

BFPS-12-0 12 0 71 200 

BFPS-16-0 16 0 94 200 

BFPS-4-3 4 3 24 200 

BFPS-8-3 8 3 47 200 

BFPS-12-3 12 3 71 200 

BFPS-16-3 16 3 94 200 

BFPS-4-4 4 4 24 200 

BFPS-8-4 8 4 47 200 

BFPS-12-4 12 4 71 200 

BFPS-16-4 16 4 94 200 

BFPS-4-4-S 4 4 47 200 

BFPS-12-4-S 12 4 47 200 

BFPS-16-4-S 16 4 47 200 

BFPS-4-1 4 1 23.55 200 

BFPS-8-1 8 1 47.1 200 

BFPS-12-1 12 1 70.65 200 

BFPS-16-1 16 1 94.2 200 

BFPS-4-5 4 5 23.55 200 

BFPS-8-5 8 5 47.1 200 

BFPS-12-5 12 5 70.65 200 

BFPS-16-5 16 5 94.2 200 

Parameters BFPS 
ALFRED 

FA 

dpin[mm] 10 10.5 

p/d 1.4 1.32 

Wall heat Flux [MW/m2] 0.7 0.7-1 

Max subch velocity [m/s] 0.8 1.1 

Npin 19 127 

Lactive [mm] 600 600 

Lplenum [mm] 500 500 

 100 TCs in the active region of the bundle 

 24 bulk TCs 

 76 wall TCs 

 24 TCs placed at different height over the 

heated region for mixing study  

Code Mesh Type Turbulence 

PoliMi OpenFOAM 22.3M Hex RANS k-ε 

ENEA/UniPi CFX 15 29.8M Hex&Tet RANS k-ε 

NRG ★CCM+ 11.06 22.4M Poly URANS k-ε 

UniGe/CRS4 ★CCM+ 11.04 14.0M Poly 
URANS k-ε 
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