MINARET: Towards a time-dependent neutron transport parallel solver
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Abstract

The advances of computer power in the last decades have today resulted in an increased memory
storage per processor and also in a raising number of available processors to compute a given task.
From the numerical simulation point of view, this context has allowed the implementation of more
and more accurate — and therefore more computationally expensive and time-consuming — solvers
that can be run in a reasonable time if advantage is taken of launching concurrently several processors.
This speed-up in the computing time requires, however, the investigation of innovative acceleration
techniques such as domain decomposition methods.

In the field of nuclear core calculations and, more particularly, regarding the neutron transport
equation, this context has led to significant advances from the accuracy point of view: recent develop-
ments of time-dependent neutron transport codes such as DORT-TD [1] or TORT-TD |[2] have indeed
overcome the traditional diffusion, improved quasi-static [3] or point kinetics traditional approxima-
tions.

However, although the problem of merging a neutron transport accurate solver with parallel compu-
tations has already been addressed before for the angular [4] and energy [5] variables in the stationnary
case, no study has been done so far in order to specifically speed-up time-dependent transport calcula-
tions and this work is a step in this direction. On this purpose, a multigroup 3D kinetic transport S,
code has been implemented (in a solver called MINARET [6]) and the parallelization of the angular
and time variables are currently being explored. In particular, the time variable is parallelized by a
domain decomposition technique: the parareal time algorithm (see [7], [8], [9]).

In this talk, after recalling the time-depend neutron transport equation, we will explain its dis-
cretization and implementation in MINARET. This will allow to illustrate the importance of the study
of speed-up methods for the solver in order to run calculations in a reasonable computing time. After
a brief review of the traditional sequential accelerations used in the field of neutron transport, our talk
will specifically focus on the analysis of acceleration techniques that involve the parallelization of the
variables of the equation. In particular, results concerning the parallelization of the angular and the
time variables in MINARET will be exposed.
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