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Implicit coupling schemes
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Idea: Use waveforms
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For details: See QNWI paper1

1Quasi-Newton waveform iteration for partitioned surface-coupled multiphysics applications. Int J Numer Methods Eng. 2021.

https://doi.org/10.1002/nme.6443
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QNWI paper: What can we expect?

• Manufactured solution allows us to quickly check for errors: u(x ,y , t) = 1 + g(t)x2 + 3y2 + 1.2t
• linear FEM are exact in space. Only error in time, if any.
• g(t) is used to check

• for high order: g(t) = (1 + t)α

• for convergence (time & quasi-Newton): g(t) = sin(t)
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QNWI paper: What can we expect?
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Bringing waveforms to preCICE

v1.0 v2.4 & v3.0 v3.x? QNWI paper1

1Quasi-Newton waveform iteration for partitioned surface-coupled multiphysics applications. Int J Numer Methods Eng. 2021.

https://doi.org/10.1002/nme.6443
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Bringing waveforms to preCICE
Define interpolation order:
<participant name="SolverOne">

...
<write-data name="Force" mesh="MeshOne" />
<read-data name="Velocities" mesh="MeshOne" waveform-order="1" />

</participant>

Sample from interpolant:
// old API
precice.readScalarData(readDataID, vertexID, readData);

// new API has optional argument
precice.readScalarData(readDataID, vertexID, sampleDt, readData);
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Bringing waveforms to preCICE

<coupling-scheme:serial-implicit>
<participants first="SolverOne" second="SolverTwo" />
<max-time-windows value="10" />
<time-window-size value="1.0" />
...
<exchange data="Forces" from="SolverOne" to="SolverTwo" initialize="true"/>
<exchange data="Velocities" from="SolverTwo" to="SolverOne" initialize="true"/>

</coupling-scheme:serial-implicit>

Data initialization for data sent from first to second participant in serial coupling is now possible.
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Remaining components: bindings, adapter, tutorials
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Remaining components: bindings, adapter, tutorials

• python bindings (https://github.com/precice/python-bindings/pull/147)

• FEniCS adapter (https://github.com/precice/fenics-adapter/pull/153)

• update tutorial (https://github.com/precice/tutorials/pull/281)

• All these updates were just a few hours of work.

• Conjugate heat transfer with multirate works as expected!
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Evaluation: Conjugate heat transfer

• Manufactured solution allows us to quickly check for errors: u(x ,y , t) = 1 + g(t)x2 + 3y2 + 1.2t
• linear FEM are exact in space. Only error in time, if any.
• g(t) is used to check

• for high order: g(t) = (1 + t)α

• for convergence (time & quasi-Newton): g(t) = sin(t)
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tutorials/partitioned-heat-conduction
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tutorials/partitioned-heat-conduction
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Are we there?

Parallel implicit
Released in preCICE v2.4.0 (https://github.com/
precice/precice/releases/tag/v2.4.0)

Serial implicit
Ready for preCICE v3.0.0

Restrictions
First order, no real multirate support.

Benjamin Rodenberg (TUM) | waveform iteration-based coupling via preCICE 15

https://github.com/precice/precice/releases/tag/v2.4.0
https://github.com/precice/precice/releases/tag/v2.4.0


Outlook: Multirate, Higher order, Quasi-Newton

v1.0 v2.4 & v3.0 v3.x? QNWI paper1

1Quasi-Newton waveform iteration for partitioned surface-coupled multiphysics applications. Int J Numer Methods Eng. 2021.

https://doi.org/10.1002/nme.6443
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