
Chair of Scientific Computing
Department of Informatics
Technical University of Munich

References:
[1] H.-J. Bungartz, F. Lindner, B. Gatzhammer, M. Mehl, K. Scheufele, A. Shukaev, B. Uekermann (2016). preCICE – A fully
parallel library for multi-physics surface coupling. In Comput. & Fluids, 141(Supplement C), 250–258.
[2] G. Chourdakis, B. Uekermann, G. van Zwieten, H. van Brummelen (2019). Coupling OpenFOAM to different solvers,
physics, models, and dimensions using preCICE. 14th OpenFOAM Workshop, Duisburg.
[3] OpenFOAM: https://www.openfoam.com/
[4] G. van Zwieten, J. van Zwieten, C. Verhoosel, et al. (2019). Nutils. http://www.nutils.org/
[5] G. Chourdakis (2017). A general OpenFOAM adapter for the coupling library preCICE. Master’s Thesis. Technical
University of Munich.
[6] ATHLET: https://www.grs.de/en/computer-code-athlet
[7] CalculiX: http://calculix.de/
[8] J. Herb (2014). Coupling OpenFOAM with thermo-hydraulic simulation code ATHLET. 9th OpenFOAM Workshop, Zagreb.
[9] ATHLET-preCICE adapter: https://github.com/precice/athlet-adapter, development work currently private.

[10] R. Kommajosyula, Xiao Xue (2014). ATHLET Framework for Embedding/Extending: An Efficient, Flexible & Easy-to-use Python Fra-
mework to a Large FORTRAN Code. IEEE Germany Student Conference, Passau.
[11] swe_slovers: https://github.com/TUM-I5/swe_solvers
[12] F.J. Espinosa Pelaez (2020). A flexible approach to 2D-3D coupling of a Shallow-Water Equation solver to OpenFOAM. Master’s
Thesis. Technical University of Munich.
[13] D. Schwamborn, T. Gerhold, R. Heinrich (2006). The DLR TAU-code: Recent applications in research and industry.
[14] CAMRAD II: http://johnson-aeronautics.com/CAMRADII.html
[15] Q. Huang, A. Abdelmoula, G. Chourdakis, J. Rauleder, B. Uekermann (2021). CFD/CSD Coupling for an Isolated Rotor using preCICE.
Proceedings of the ECCOMAS WCCM 2020 (submitted).
[16] Q. Huang(2019). Loose Coupling of Isolated Rotorblade Rotorcraft CFD/CSD Simulations using preCICE. Master’s Thesis. Technical
University of Munich.
[17] University of Stuttgart, SFB1313: https://www.sfb1313.uni-stuttgart.de/research-areas/project-area-d/
research-project-d2/ www.precice.org github.com/precice

Geometric multi-scale coupling prototypes with
preCICE

Gerasimos Chourdakis1, Qunsheng Huang1, Francisco Javier Espinosa Pelaez1, Fabian Weyermann2, Benjamin Uekermann3

1Department of Informatics, Technical University of Munich – chourdak@in.tum.de
2Gesellschaft für Anlagen- und Reaktorsicherheit (GRS) gGmbH

3Institute for Parallel and Distributed Systems, University of Stuttgart

The coupling library preCICE

in-house
solver

fluid solver

ad
ap

te
r

structure
solver

lib
pr
ec
ice

coupling schemes

data mapping

. . .

. . .

communication

time interpolation

A Coupling Library for Partitioned
Multi-Physics Simulations

commercial
solver

so
lve

r

OpenFOAM
SU2 

CalculiX
Code_Aster
FEniCS
deal-ii
Nutils
MBDyn
 

API in: C++
C

Python
Fortran

Matlab

foam-extend
 

ANSYS Fluent
COMSOL
 

A coupling library for partitioned,
black-box multi-physics simulations [1].

• Free/open-source: LGPLv3 license.

• Typical applications: Fluid-structure
interaction (FSI), conjugate heat
transfer (CHT), fluid-fluid coupl. (FF)

• Minimally invasive: Couple any code
with a few lines of “adapter” code.

• Mapping methods: nearest-neighbor,
nearest-projection, RBF.

www.precice.org github.com/precice

Geometric multi-scale coupling
• Current assumption: Two sides of the
interface compatible.

• Goal: Couple arbitrary dimensions: 1D-
3D, 2D-3D, 5D-6D, ... in a black-box,
dimension-agnostic way.

• Classification: [2]

− Axial -vs- radial

− Collect -vs- spread

− (already) Consistent -vs- conservative

− (already) Read -vs- write

1D solver

libprecice adapter

3D solver

Prototypes
Nuclear reactor pipelines: the ATHLET-preCICE project (1D-3D FF, CHT)

Water hammer
A fluid-fluid coupling case with the 3D
OpenFOAM [3] and a 1D Nutils [4] solver.

• Proof-of-concept: Geometric multi-scale
with preCICE.

• Prototype in preCICE, fluid-fluid module in
the OpenFOAM-preCICE adapter [2, 5].

• Comparing the outlet pressure (controlled
valve) for axial 1D-3D, 3D-1D-3D, ... [2]
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Nuclear reactor cooling
Sustainable coupling of the 1D thermo-
hydraulic code ATHLET [6] with external 3D
codes: OpenFOAM for axial fluid-fluid coup-
ling and with CalculiX [7] for radial conjugate
heat transfer.

• Application: cooling system condenser.

• Previous in-house coupling [8].

• Early work on ATHLET-preCICE adapter [9]:

− Coupled ATHLET-ATHLET.

− Challenges: time stepping, checkpointing,
mapping.

− Currently using PyAFFE [10], previously
followed a plug-in approach [8].
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Coupling of 3D TAU [13]
(RANS) with 1D CAMRAD II
[14] rotorcraft analysis code.

Radial mapping of forces and
displacements in the CAMRAD
II adapter using intermediate
grid. Results by
Huang (2019) [15, 16].
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Tsunami near coast (2D-3D FF)

Coupling of 3D OpenFOAM
(Navier-Stokes Equations) with
an in-house 2D code [11]
(Shallow Water Equations).

Axial mapping of U , p to h, hv in
the SWE code. Results by
Espinosa (2020) [12].
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Further applications
In the future, preCICE should be able to handle arbitra-
ry cases, without violating the black-box principle. Similar
research using or planning to use preCICE:

• 2D-3D radial mapping in porous media fractures (exam-
ple picture by Jaust et al. [17]).

• Higher dimensions mapping in magnetic fusion.
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