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For nuclear power plants it is necessary to simulate a wide range of operating conditions to prove that regulatory limits
and requirements are obeyed during all operating conditions from normal operation to (severe) accident conditions.
Thermal-hydraulic codes developed during the last decades have been successfully used which are based on one
dimensional models of the thermal-hydraulic behaviour of the plant. At GRS the thermal-hydraulic simulation code
ATHLET has been developed to cover the whole spectrum of design basis and beyond design basis accidents for
pressurized water reactors and boiling water reactors [1]. Nevertheless, some safety related questions require the
simulation of three dimensional effects like the analyses of high-cycle thermal fatigue induced by turbulent mixing,
stratification effects of coolants with different temperatures or the mixing of coolants with different boron acid
concentrations.

In the last few years OpenFOAM has proven its applicability in the field of nuclear (safety) simulations demonstrated
by more than 50 publications in peered-reviewed journals [2]. Therefore, OpenFOAM is now an accepted choice for the
use in CFD simulations in the nuclear field.

To reduce the necessary computational costs of three dimensional simulations it is desirable to reduce the areas to be
simulated by CFD to only those where three dimensional effects are important and use a thermal-hydraulic code for the
rest of the flow domain. Therefore GRS developed an interface for ATHLET which allows the coupling with CFD
codes.

Besides a coupling with the commercial code ANSYS CFX [3] also a first version of a coupling with OpenFOAM
based on a shared library approach was presented at the 9™ OpenFOAM Workshop [4]. This first implementation of the
coupling between ATHLET and OpenFOAM was implemented by compiling the FORTRAN code ATHLET as shared
library and linking it to the modified OpenFOAM solver executable. This choice proved inflexible, e. g. due to the
strong dependency on the used FORTRAN and C++ compilers and limited debugging options. To gain more flexibility
the two codes were separated into different processes.

For OpenFOAM a generic coupling library has been developed. This allows minimizing the necessary changes to an
OpenFOAM solver which should be coupled. The data exchange with the coupled solver (e. g. ATHLET) is
implemented by boundary conditions which can be used like normal OpenFOAM boundary conditions. The actual data
exchange between the solvers is implemented by network sockets using the Open Source libraries zeromq [5] and
msgpack [6]. They allow an efficient data exchange between different processes, even if these process run on different
computer nodes, e. g. on an HPC cluster.

The ATHLET side of the coupling interface has been implemented by wrapping it with a Python interface allowing
communicating via zeromg/msgpack.

The coupling is controlled by the OpenFOAM solver which exchanges data with ATHLET several times within one
PIMPLE time step and executes the corresponding ATHLET simulation step (see Figure 1). This semi-implicit coupling
has shown that it increases the stability of the simulation.

This architecture of the coupling allowed the verification of the implementation by using “dummy” solvers on one side
of the solver greatly reducing the debugging effort.

At the moment two OpenFOAM solvers have been extended with coupling capabilities: the one-phase solver
buoyantPimpleFoam and the two-phase solver twoPhaseEulerFoam. Both couplings have been validated by comparing
simulations with experiments. For the validation of the one-phase coupling an experiment of the TALL facility was
selected. In the experiment a lead-bismuth-eutectic was used a working fluid and the transition from forced to natural
circulation was simulated. For the validation of the two-phase coupling a simple bubble column experiment was used.
The generic architecture of the coupling allows using it also for the coupling of OpenFOAM with other (one-
dimensional) solvers. GRS is planning to release the source code of the OpenFOAM coupling side and a “dummy”
coupled solver.
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Figure 1: Architecture of the semi-implicit coupling between OpenFOAM and ATHLET
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