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For the last decades one dimensional thermo-hydraulic simulation codes have been used to 

analyze operational and accident scenarios for nuclear power plants. At GRS the thermo-

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. 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. Due to the limitation of the available computational 

resources it is not possible to simulation the whole coolant system of a nuclear power plant 

using CFD. Therefore only parts of the system relevant for three dimensional effects should 

be simulated by CFD, whereas the remaining parts can be simulated using the much more 

computational efficient thermo-hydraulic system code. 

ATHLET has already been coupled with the closed-source CFD software ANSYS CFX [1]. 

As OpenFOAM is used more and more in nuclear safety research (e.g. [2], [3], [4], [5]) GRS 

also developed a coupling between ATHLET and OpenFOAM.  

The coupling of OpenFOAM is based on the solver buoyantPimpleFoam which can be 

used to transiently simulate single phase flows with temperature dependent densities 

considering buoyancy effects. The coupling was implemented by compiling the FORTRAN 

code ATHLET as shared library and linking it to the modified OpenFOAM solver executable. 

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. This semi-implicit coupling is necessary to ensure the stability of the 



simulation. The exchange of data between OpenFOAM and ATHLET is carried out by newly 

developed generic coupling boundary conditions. They can be used to exchange vectorial (e.g. 

velocity) and scalar (e.g. pressure, temperature) data.  

The coupling supports parallel runs by collecting and distributing data for the coupling 

boundary conditions between the different processes used for OpenFOAM and runs the 

ATHLET code only in the master process. 

The coupling was tested with both, generic test cases as well as pre-test calculations of the 

TALL test facility and compared with stand-alone-ATHLET and coupled ATHLET-CFX 

simulations [1]. The results of the OpenFOAM calculations are comparable to the other 

simulation results. 

Due to the available source code of OpenFOAM it is an ideal basis for further multi-physics 

simulations in reactor safety issues. It is planned to extend the OpenFOAM-Athlet coupling to 

two phase simulations as well as further couplings with e.g. neutron physics codes and/or 

structural mechanics simulations. 
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