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preCICE overview
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tutorials/perpendicular-flap

DEMO TIME
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tutorials/perpendicular-flap
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OpenFOAM, SU2, or Nutils

Solid participant S
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f coupling via preCICE
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tutorials/perpendicular-flap

DEMO TIME
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Verification and debugging with preCICE

1 Motivation: Higher-order time stepping

2 End-to-end testing

3 Fake input
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Motivation: Higher-order time stepping
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Approach:
• Use manufactured/analytical solution
• Concentrate on a simple (symmetric) case
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Motivation: Higher-order time stepping
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Problems:
• Reality is very different
• Multiphysics is much more complex (algorithms, software)
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Real life ̸= analytical solutions
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End-to-end testing

FEniCS,
CalculiX, ...

adapter

"Fluid" "Solid"
two-way coupling

adapter

OpenFOAM,
SU2, ...

system under test

Approach:
Swap solvers and compare measurements (cross-validation)
Check OpenFOAM/SU2 + FEniCS/CalculiX/Deal.II
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End-to-end testing
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Problems:
• Setup is complicated
• Runtime is high
• Hard to identify origin of error
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Example: FEniCS-preCICE

FEniCSsolver.py

FEniCS-preCICE adapter
import fenics

import fenics
import precice

import fenicsprecice

libprecice

coupling to
OpenFOAM, SU2, ...

xml
precice.SolverInterface(...)

json
fenicsprecice.Adapter(...)
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Fake input
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Act 1: Dear internet, please help!
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Act 2: It actually worked
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Act 3: Results for paper fixed
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Act 3: Results for paper fixed
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Summary

Take home
• If you can: Use simple scenarios and analytical solutions
• If not: Study data at watchpoints
• Swap implementations to find errors
• Reduce complexity through fake input
• Open source SW development helps improving the quality of your results

Recommendations
• If you develop a coupling framework: Standardized recording of watchpoints
• If you are dealing with multiple components: Testing using mocking/faking
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How to (not) miss a deadline:

FEniCS

WIPWIP

OpenFOAM

Team A:
"We need Team B’s code"

Team B:
"We need Team A’s code"
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How to (not) miss a deadline:

FEniCS

Team B:
"No need to stress Team A"

v1.0Don’t care

OpenFOAM

fake.py
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How to (not) miss a deadline:

FEniCS

v1.0v1.1

OpenFOAM

Team A:
"We’ll use v1.0 of Team B"

Team B:
"Early vacation"
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Community

preCICE Workshop 2024@Stuttgart

Stay in touch?
precice.org/community
precice.discourse.group

Conferences
Coupled Problems
26-29 May 2025@Sardinia

preCICE Workshop
9-12 Sept 2025@Hamburg
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tutorials/perpendicular-flap
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Fluid participant F
OpenFOAM, SU2, or Nutils

Solid participant S
CalculiX, deal.II, or FEniCSΓC

ΓC

Γfixed

Γno-slip Γno-slip

Γno-slip

Γinflow Γoutflow

f coupling via preCICE

Divide
• OpenFOAM ̸= FEniCS
• Dirichlet-Neumann

(= black box)

Conquer

Combine
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Fluid participant F
OpenFOAM, SU2, or Nutils

Solid participant S
CalculiX, deal.II, or FEniCSΓC

ΓC

Γfixed

Γno-slip Γno-slip

Γno-slip

Γinflow Γoutflow

f coupling via preCICE

Divide

Conquer

• Fluid: F(d) = f

• Solid: S(f) = d
Boundary response maps
(= Poincaré-Steklov operator)

Combine
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tutorials/perpendicular-flap

Fluid participant F
OpenFOAM, SU2, or Nutils

Solid participant S
CalculiX, deal.II, or FEniCSΓC

ΓC

Γfixed

Γno-slip Γno-slip

Γno-slip

Γinflow Γoutflow

f coupling via preCICE

Divide

Conquer

Combine
• F(S(fk)) = f̃k

• f̃k A→ fk+1

Picard iteration + acceleration
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