Development of a multi-physics coupling algorithm for the FRENETIC code

Introduction

The design process and safety assessment of the Advanced Lead-cooled Fast Reactor European Demonstrator
(ALFRED) require suitable computational tools to correctly represent the peculiar characteristics of the system
in the different operating and accidental conditions. In this perspective, Politecnico di Torino has been
developing the Fast Reactor Neutronics/Thermal-hydraullCs (FRENETIC) code, a multiphysics
neutronic/thermalhydraulics (NE/TH) tool for full-core analyses of fast systems with hexagonal grid, which has
been already validated against experimental data and reference codes [1].

The code has been tested in various conditions, performing both code-to-code comparisons and validation
against experimental results. In particular, in the frame of an IAEA coordinated research project on the shutdown
heat removal tests performed on the Experimental Breeder Reactor-Il (EBR-1I), FRENETIC has been adopted to
reproduce the EBR-Il transient behaviour [2].
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Figure 1: ALFRED 3D sketch [3] (left) and computed full-core fission power map in MW per fuel assembly for ALFRED in HFP conditions [4].

Aim of the work

In the framework of the continuous testing and improvement of the FRENETIC code, the multiphysics coupling
algorithm between the TH and NE modules has been identified as one of the most promising aspects for
improving the code computational efficiency and robustness. In particular, the present proposal involves the
development and implementation of an adaptive selection of the under-relaxation factors for the physical

quantities (temperatures, power density) exchanged between the NE and TH modules of the code, as suggested
in [5].

The student will first become familiar with the models and methods employed by FRENETIC, as well as with the
code itself. He will then develop and implement a method for the adaptive selection of the under-relaxation
factors in the code. The correct implementation of the method will be verified by comparing the code results
with suitable analytic solutions and/or benchmark cases, both in steady-state and in transient conditions. Finally,
the performance improvement arising from the code modification will be assessed by running a full-core
simulation of the ALFRED reactor.

Keywords: IV generation fission reactor, lead-cooled reactor, multiphysics, coupling



Contact persons
e Prof. Sandra Dulla: sandra.dulla@polito.it
e Prof. Piero Ravetto: piero.ravetto@polito.it
e Nicolo Abrate: nicolo.abrate@polito.it
e Ing. Giuseppe Francesco Nallo: giuseppefrancesco.nallo@polito.it
e Domenico Valerio: domenico.valerio@polito.it

References

[1] R. Bonifetto, S. Dulla, P. Ravetto, L. S. Richard, and R. Zanino, “A full-core coupled neutronic/thermal-hydraulic
code for the modeling of lead-cooled nuclear fast reactors,” Nucl. Eng. Des., vol. 261, pp. 85-94, 2013.

[2] D. Caron, R. Bonifetto, S. Dulla, V. Mascolino, P. Ravetto, L. Savoldi, D. Valerio, and R. Zanino, “Full-core
coupled neutronic/thermal-hydraulic modelling of the EBR-Il SHRT-45R transient,” in International Journal of
Energy Research, 2018.

[3] G. Grasso, C. Petrovich, D. Mattioli, C. Artioli, P. Sciora, D. Gugiu, G. Bandini, E. Bubelis, K. Mikityuk, “The core
design of ALFRED, a demonstrator for the European lead-cooled reactors,” Nucl. Eng. Des., vol. 278, pp. 287—
301, 2014.

[4] G. F. Nallo, N. Abrate, S. Dulla, P. Ravetto, D. Valerio (2020) “Neutronic benchmark of the FRENETIC code for
the multiphysics analysis of lead fast reactors”, accepted for publication on EPJ plus

[5]J. P.Senecal and W. Ji, “Development of an efficient tightly coupled method for multiphysics reactor transient
analysis,” Prog. Nucl. Energy, vol. 103, no. September 2017, pp. 33—-44, 2018.


mailto:sandra.dulla@polito.it
mailto:piero.ravetto@polito.it
mailto:nicolo.abrate@polito.it
mailto:giuseppefrancesco.nallo@polito.it
mailto:domenico.valerio@polito.it

