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What if we could integrate
higher dimension models?

(in a plug-and-play way)
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Pictures by GRS, available on http://grs.de/. OpenFOAM logo of OpenCFD, www.openfoam. com.
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Currently:
in-house coupling to OpenFOAM, ANSYS CFX, ...

J. Herb (2014). Coupling OpenFOAM with thermo-hydraulic simulation code
ATHLET. 9th OpenFOAM Workshop, Zagreb.
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Currently:
in-house coupling to OpenFOAM, ANSYS CFX, ...

J. Herb (2014). Coupling OpenFOAM with thermo-hydraulic simulation code
ATHLET. 9th OpenFOAM Workshop, Zagreb.

Long-term goal:
replace several existing coupling systems
with a sustainable approach.
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ATHLET + preCICE: ATHLET + many other solvers

1D Thermohydraulics

3D CFD

OpenFOAM

i

3D Heat transfer
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Architecture: In-house coupling (previous)
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Architecture: Coupling with preCICE

Approach 1 (plugin)

ATHLET plugin ] r libprecice
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Architecture: Coupling with preCICE

Approach 1 (plugin)

ATHLET plugin ] r libprecice

Approach 2 (PyAFFE)

PyAFFE-based script _|
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First step: Coupling ATHLET with ATHLET

Monolithic pipe
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single-phase flow i i
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Left pipe Right pipe

PIPE1 PIPE2

p, T1, Tv, x (on volume centers)
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ATHLET-ATHLET: Looks good (per space)
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Temperature of liquid (TL) per node
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ATHLET-ATHLET: Looks good (per time as well)

Monolithic (NODEO5 center)
Monolithic (NODEO6 center)
Left pipe (NODES center)
Right pipe (NODEL1 center)
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Coupling ATHLET with OpenFOAM

Tl + 273.15 - T
gl + (density * area) - U

Left pipe (ATHLET)

Right pipe (OpenFOAM)

Om

PIPE1

3D CFD mesh (10k cells)

2m

p - p (as-is)
A few issues:
* Single-physics models need alignment (e.qg., friction model in ATHLET)
¢ Different state variables: mass flux (1D) — velocity (3D)
* Material parameters: computed vs constant

* Temperature units: °C —° K
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ATHLET-OpenFOAM: Results per space
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The two single-physics models are not exactly aligned (not an issue at the moment), but the coupling works.
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ATHLET-OpenFOAM: Results per time

Evolution of pressure (PRESS)
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Time (cropped to 10s)
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issue at the moment), but the coupling works.
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Next step: Coupling for Conjugate Heat Transfer

Tl + 273.15 - T
gl + (density * area) - U

Left pipe (ATHLET) Right pipe (OpenFOAM)

1m 2m

PIPE1 Heat Conduction CPL_BRANCH / 3D CFD mesh (10k cells)
Object
\ A

Temperature (TTSL) Heat Flux (QHLA) P~ p (as-is)
3D Heat Conduction v
(expected, no actual _

results yet)
S
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Bigger picture: Geometric multi-scale mapping in preCICE

libprecice ~ adapter
n _

W—J
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TUT

Bigger picture: Geometric multi-scale mapping in preCICE

‘ adapter

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.

libprecice ~_

G. Chourdakis, Q. Huang, F. J. Espinosa Pelaez, F. Weyermann, B.
Uekermann. Geometric multi-scale coupling prototypes with preCICE.
Poster at SIAM CSE21.
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Further geometric multi-scale examples

A quick flight over some prototypes
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Tsunami near coast (2D-3D FF)

2D-3D two-phase flow
¢ 2D flow in large regions, shallow-water equations
* 3D flow in critical regions, Navier-Stokes equations
— axial 2D-3D mapping
l
fm
4‘ '
(A
N

libprecice ~

adapter ~_
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.
2D-3D mapping
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Helicopter blades (1D-3D FSI)

1D-3D FSI
* 1D helicopter blade shape (CAMRAD lII)
3D flow around the blade (DLR TAU)

— radial 1D-3D mapping
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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.
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1D-3D mapping
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Summary

Goal: Flexible coupling of ATHLET with other codes via preCICE

Challenges: Programming interface, single-physics models, different state descriptions

Next steps: Conjugate heat transfer, validation, more complex scenarios

Big picture: General-purpose geometric multi-scale mapping in preCICE

Contact me: | am looking for use cases for geometric multiscale coupling

gerasimos.chourdakis@tum.de

© precice.org
© github.com/precice
¥ @_makCh, @preCICE_org

®, precice.discourse.group
gitter.im/precice
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Water hammer (1D-3D fluid-fluid coupling)

1D single-phase flow in a pipe, opening-closing valve,

Reservoir . .
- axial mapping
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G. Chourdakis, B. Uekermann, G. van Zwieten, H. van Brum- Proof-of-concept:
melen (2019). Coupling OpenFOAM to different solvers, phy- feasibility, workbench for developing methods.
sics, models, and dimensions using preCICE. OpenFOAM + Nutils (www.nutils.org, Python),
14th OpenFOAM Workshop, Duisburg. mapping directly in preCICE
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