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CFD: Simulating flow around a wing
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FEM: Simulating stresses on a wing
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Can we simulate both at the same time?
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...but reusing the CFD and FEM codes?
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From the CFD world to the FEM world
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Where preCICE helps
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What people do with preCICE (1)
FSI coupling with OpenFOAM, CalculiX and preCICE for an undulation membrane tidal energyFSI coupling with OpenFOAM, CalculiX and preCICE for an undulation membrane tidal energy……

Credit: Ulrich Heck, DHCAE Tools GmbH
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https://www.youtube.com/watch?v=U9RonmPw76g


What people do with preCICE (2)
Particle impacts on flat plate with deformationParticle impacts on flat plate with deformation

Credit: Prasad Adhav, Univ. of Luxembourg
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https://www.youtube.com/watch?v=nGr_Rpc1Sx4


What people do with preCICE (3)
FSI coupling using OpenFOAM and preCICE for a free surface flowFSI coupling using OpenFOAM and preCICE for a free surface flow

Credit: Utkan Caliskan
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https://www.youtube.com/watch?v=NRMJF2mFXbc


In this talk
The preCICE library: Couple two toy Python solvers
The preCICE ecosystem: Couple OpenFOAM + CalculiX
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Get the slides

go.tum.de/530822
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http://go.tum.de/530822


Organizational notes
1. You are not expected to try things live.
2. Ask questions live, feel free to interrupt me.
3. Some Live USB sticks available during the workshop
4. Find all software installed in a demo virtual machine:

5. Everything presented here is free software. preCICE and
all the adapters are developed publicly on GitHub:

precice.org/installation-vm.html

github.com/precice
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https://precice.org/installation-vm.html
https://github.com/precice/


Using the preCICE library
Coupling two toy Python solvers
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Dependencies
 v2 (e.g. )

Python 3
Python packages numpy, matplotlib

:

preCICE packages for Ubuntu

preCICE Python bindings
pip3 install --upgrade pip

pip3 install --user pyprecice
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https://precice.org/installation-overview.html
https://github.com/precice/precice/releases
https://precice.org/installation-bindings-python.html


"Generator" and "Propagator"

generator.py: generates
random data in a 1D
domain
propagator.py:
propagates boundary data
over a 2D domain
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Unidirectional coupling

Generatortimestep 1

timestep 2

timestep 3

timestep 1

timestep 2

timestep 3

Propagator
Generator

Propagator
Generator

Propagator
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generator.py
import numpy

# generate mesh

n = 20

y = numpy.linspace(0, 1, n + 1)

dt = 0.01

t = 0

while True:

  print("Generating data")

  u = 1 - 2 * numpy.random.rand(n)

  

  t = t + dt 

  if(t > 0.1):

    break
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propagator.py
# generate mesh

n = 20

x = numpy.linspace(0, 1, n+1)

y = numpy.linspace(0, 1, n+1)

# initial data, associated to cell centers

u = numpy.zeros([n, n])

dt = 0.01

t = 0

# boundary condition for u (arbitrary)

u[:,-1] = y[:-1] 

while True:

  

  print("Propagating data")
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https://github.com/MakisH/ofw18-training/blob/master/videos/generator-propagator-uncoupled.mp4


Uncoupled simulation
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https://github.com/MakisH/ofw18-training/blob/master/videos/propagator_constant.webm


Import preCICE
import numpy

 

 

# generate mesh

n = 20

y = numpy.linspace(0, 1, n + 1)

 

dt = 0.01

t = 0

 

while True:

  print("Generating data")

  u = 1 - 2 * numpy.random.rand(n)

  

  t = t + dt 

  if(t > 0.1):

    break

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17
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Import preCICE
import numpy1

2 import precice

3  

# generate mesh4

n = 205

y = numpy.linspace(0, 1, n + 1)6

7  

dt = 0.018

t = 09

10  

while True:11

  print("Generating data")12

  u = 1 - 2 * numpy.random.rand(n)13

  14

  t = t + dt 15

  if(t > 0.1):16

    break17
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Configure preCICE

import precice

import numpy1

2

 3

# generate mesh4

n = 205

y = numpy.linspace(0, 1, n + 1)6

 7

8 # preCICE setup

9 participant_name     = "Generator"

10 config_file_name     = "../precice-config.xml"

11 solver_process_index = 0

12 solver_process_size  = 1

13 interface = 

14     precice.Interface(  

15                        participant_name,

16                        config_file_name,

17                        solver_process_index,
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Configure preCICE

import precice

import numpy1

2

 3

# generate mesh4

n = 205

y = numpy.linspace(0, 1, n + 1)6

 7

8 # preCICE setup

9 participant_name     = "Generator"

10 config_file_name     = "../precice-config.xml"

11 solver_process_index = 0

12 solver_process_size  = 1

13 interface = 

14     precice.Interface(  

15                        participant_name,

16                        config_file_name,

17                        solver_process_index,

# preCICE setup

participant_name     = "Generator"

config_file_name     = "../precice-config.xml"

solver_process_index = 0

solver_process_size  = 1

interface = 

    precice.Interface(  

                       participant_name,

                       config_file_name,

                       solver_process_index,

                       solver_process_size

                     )

n = 205

y = numpy.linspace(0, 1, n + 1)6

 7

8

9

10

11

12

13

14

15

16

17

18

19

 20

dt = 0.0121

t = 022
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Define the coupling mesh

# preCICE setup

participant_name     = "Generator"

config_file_name     = "../precice-config.xml"

solver_process_index = 0

solver_process_size  = 1

interface = 

    precice.Interface(  

                       participant_name,

                       config_file_name,

                       solver_process_index,

                       solver_process_size

                     )

n = 205

y = numpy.linspace(0, 1, n + 1)6

 7

8

9

10

11

12

13

14

15

16

17

18

19

 20

21 # Get the preCICE mesh id

22 mesh name = "Generator-Mesh"
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Define the coupling mesh

# preCICE setup

participant_name     = "Generator"

config_file_name     = "../precice-config.xml"

solver_process_index = 0

solver_process_size  = 1

interface = 

    precice.Interface(  

                       participant_name,

                       config_file_name,

                       solver_process_index,

                       solver_process_size

                     )

n = 205

y = numpy.linspace(0, 1, n + 1)6

 7

8

9

10

11

12

13

14

15

16

17

18

19

 20

21 # Get the preCICE mesh id

22 mesh name = "Generator-Mesh"

p p ,

                       config_file_name,16

                       solver_process_index,17

                       solver_process_size18

                     )19

20  

21 # Get the preCICE mesh id

22 mesh_name  = "Generator-Mesh"

23 mesh_id    = interface.get_mesh_id(mesh_name)

24  

25 # Define the coupling mesh

26 vertices   = [[1, y0] for y0 in y[:-1]]

27 vertex_ids = interface.set_mesh_vertices(mesh_id, vertices)

28  

29 dt = 0.01

30 t = 0

 31

32 while True:
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Initialize and finalize preCICE

# Get the preCICE mesh id

mesh_name  = "Generator-Mesh"

mesh_id    = interface.get_mesh_id(mesh_name)

 

# Define the coupling mesh

vertices   = [[1, y0] for y0 in y[:-1]]

vertex_ids = interface.set_mesh_vertices(mesh_id, vertices)

p p ,

                       config_file_name,16

                       solver_process_index,17

                       solver_process_size18

                     )19

 20

21

22

23

24

25

26

27

 28

29 interface.initialize()

30  

31 dt = 0.01

32 t = 0
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Initialize and finalize preCICE

# Get the preCICE mesh id

mesh_name  = "Generator-Mesh"

mesh_id    = interface.get_mesh_id(mesh_name)

 

# Define the coupling mesh

vertices   = [[1, y0] for y0 in y[:-1]]

vertex_ids = interface.set_mesh_vertices(mesh_id, vertices)

p p ,

                       config_file_name,16

                       solver_process_index,17

                       solver_process_size18

                     )19

 20

21

22

23

24

25

26

27

 28

29 interface.initialize()

30  

31 dt = 0.01

32 t = 0

vertices   = [[1, y0] for y0 in y[:-1]]26

vertex_ids = interface.set_mesh_vertices(mesh_id, vertices)27

28  

29 interface.initialize()

30  

31 dt = 0.01

32 t = 0

33  

34 while True:

35   print("Generating data")

36   u = 1 - 2 * numpy.random.rand(n)

37   

38   t = t + dt 

39   if(t > 0.1):

40     break

 41

interface.finalize()42

26 /  90



Advance the coupling

interface.initialize()

28  

29

30  

dt = 0.0131

t = 032

33  

while True:34

  print("Generating data")35

  u = 1 - 2 * numpy.random.rand(n)36

  37

38   

39   

40   t = t + dt 

41   if(t > 0.1):

42     break

43  

44 interface.finalize()
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Advance the coupling

interface.initialize()

28  

29

30  

dt = 0.0131

t = 032

33  

while True:34

  print("Generating data")35

  u = 1 - 2 * numpy.random.rand(n)36

  37

38   

39   

40   t = t + dt 

41   if(t > 0.1):

42     break

43  

44 interface.finalize()

while True:

  print("Generating data")

  u = 1 - 2 * numpy.random.rand(n)

28  

interface.initialize()29

30  

dt = 0.0131

t = 032

33  

34

35

36

37   

38   

39   

40   t = t + dt 

41   if(t > 0.1):

42     break

43  

44 interface.finalize()
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Advance the coupling

while True:

  print("Generating data")

  u = 1 - 2 * numpy.random.rand(n)

  

  t = t + dt 

  if(t > 0.1):

    break

28  

interface.initialize()29

30  

dt = 0.0131

t = 032

33  

34

35

36

37

38   interface.advance(dt)

39   

40

41

42

43  

interface.finalize()44
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Advance the coupling

  print("Generating data")

  u = 1 - 2 * numpy.random.rand(n)

  

  interface.advance(dt)

  

  t = t + dt 

 28

interface.initialize()29

 30

dt = 0.0131

t = 032

 33

34 while interface.is_coupling_ongoing():

35

36

37

38

39

40

41  

42  

43  

interface.finalize()44
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Advance the coupling

while interface.is_coupling_ongoing():

  print("Generating data")

  u = 1 - 2 * numpy.random.rand(n)

  

  

  t = t + dt 

 

 

 28

interface.initialize()29

 30

dt = 0.0131

t = 032

 33

34

35

36

37

38   precice_dt = interface.advance(dt)

39

40

41

42

 43

interface.finalize()44
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Advance the coupling

while interface.is_coupling_ongoing():

  

 28

29 precice_dt = interface.initialize()

 30

dt = 0.0131

t = 032

 33

34

35   dt = np.minimum(dt, precice_dt)

36   

37   print("Generating data")

38   u = 1 - 2 * numpy.random.rand(n)

39

40   precice_dt = interface.advance(dt)

41   

42   t = t + dt 

43  

interface.finalize()44
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Advance the coupling

while interface.is_coupling_ongoing():

  

 28

29 precice_dt = interface.initialize()

 30

dt = 0.0131

t = 032

 33

34

35   dt = np.minimum(dt, precice_dt)

36   

37   print("Generating data")

38   u = 1 - 2 * numpy.random.rand(n)

39

40   precice_dt = interface.advance(dt)

41   

42   t = t + dt 

43  

interface.finalize()44

vertex_ids = interface.set_mesh_vertices(mesh_id, vertices)27

 28

precice_dt = interface.initialize()29

 30

dt = 0.0131

t = 032

 33

while interface.is_coupling_ongoing():34

  dt = np.minimum(dt, precice_dt)35

  36

  print("Generating data")37

  u = 1 - 2 * numpy.random.rand(n)38

  39

  precice_dt = interface.advance(dt)40

  41

  t = t + dt 42

 43

interface finalize()44
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Not there yet, but let's run it
(similar changes in propagator.py - try it at home)
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https://github.com/MakisH/ofw18-training/blob/master/videos/generator-propagator-steering.mp4


Nothing happening?

Did we forget something?
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https://github.com/MakisH/ofw18-training/blob/master/videos/propagator_constant.webm


Write & read data

# Define the coupling mesh

vertices   = [[1, y0] for y0 in y[:-1]]

vertex_ids = interface.set_mesh_vertices(mesh_id, vertices)

 

 

 

 

 20

# Get the preCICE mesh id21

mesh_name  = "Generator-Mesh"22

mesh_id    = interface.get_mesh_id(mesh_name)23

 24

25

26

27

28

29

30

31

 32

precice_dt = interface.initialize()33

 34

dt = 0.0135

t = 036

35 /  90



Write & read data

# Define the coupling mesh

vertices   = [[1, y0] for y0 in y[:-1]]

vertex_ids = interface.set_mesh_vertices(mesh_id, vertices)

 

 20

# Get the preCICE mesh id21

mesh_name  = "Generator-Mesh"22

mesh_id    = interface.get_mesh_id(mesh_name)23

 24

25

26

27

28

29 # Get the exchanged data id

30 data_name = "Data"

31 data_id = interface.get_data_id(data_name, mesh_id)

32  

precice_dt = interface.initialize()33

34  

dt = 0.0135

t = 036
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Write & read data

# Define the coupling mesh

vertices   = [[1, y0] for y0 in y[:-1]]

vertex_ids = interface.set_mesh_vertices(mesh_id, vertices)

 

 20

# Get the preCICE mesh id21

mesh_name  = "Generator-Mesh"22

mesh_id    = interface.get_mesh_id(mesh_name)23

 24

25

26

27

28

29 # Get the exchanged data id

30 data_name = "Data"

31 data_id = interface.get_data_id(data_name, mesh_id)

32  

precice_dt = interface.initialize()33

34  

dt = 0.0135

t = 036

 34

dt = 0.0135

t = 036

 37

while interface.is_coupling_ongoing():38

  dt = np.minimum(dt, precice_dt)39

  40

  print("Generating data")41

  u = 1 - 2 * numpy.random.rand(n)42

  43

  interface.write_block_scalar_data(data_id, vertex_ids, u)44

  precice_dt = interface.advance(dt)45

  # interface.read_block_scalar_data(data_id, vertex_ids, u)46

  47

  t = t + dt 48

 49

interface.finalize()50
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It should work now!
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https://github.com/MakisH/ofw18-training/blob/master/videos/generator-propagator-uncoupled.mp4


Data is being transfered!

Most basic case: uni-directional, serial-explicit, nearest-neighbor mapping, ...
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https://github.com/MakisH/ofw18-training/blob/master/videos/propagator_coupled.webm


preCICE configuration

Visual representation of precice-config.xml using the .config visualizer
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https://precice.org/tooling-config-visualization.html


Using the preCICE ecosystem
Example: Coupling OpenFOAM and CalculiX
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The big picture

CFD solver

ad
ap

ter

FEM solver

lib
pre

cic
e

so
lve

r
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The big picture

in-house
solver

CFD solver

ad
ap

ter

FEM solver

lib
pre

cic
e

Particle solver

so
lve

r

43 /  90



The big picture

in-house
solver

CFD solver

ad
ap

ter

FEM solver

lib
pre

cic
e

Particle solver

so
lve

r

OpenFOAM
SU2 

deal-II
FEniCS
Nutils
CalculiX
code_aster
MBDyn
 

API in: C++
C

Python
Fortran

Matlab MercuryDPM
XDEM
 

Julia
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What does the adapter do?

OpenFOAM

libpreciceadapter

Function
object

shared
library
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What does the adapter do?

OpenFOAM

libpreciceadapter

read/write
boundary values

read/write
from/to buffers
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What does the adapter do?

OpenFOAM

libpreciceadapter

go back in time
(checkpointing)

redo iteration
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What does the adapter do?

OpenFOAM

libpreciceadapter

adjust time step size max time step size
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Tutorial: Channel with a perpendicular flap

Find this tutorial on .precice.org/tutorials-perpendicular-flap.html
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https://precice.org/tutorials-perpendicular-flap.html


Arbitrary solver combinations

FLUID SOLID

pimpleFoam CalculiX

SU2 deal.II

Nutils FEniCS

DUNE

solidDisplacementFoam

solids4Foam
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Arbitrary solver combinations
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Dependencies
 v2 (e.g. )

Recent OpenFOAM (e.g., v2306)
 v1

 2.20
 2.20.0

preCICE packages for Ubuntu

OpenFOAM-preCICE adapter
CalculiX
CalculiX-preCICE adapter
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https://precice.org/installation-overview.html
https://github.com/precice/precice/releases
https://precice.org/adapter-openfoam-overview.html
http://calculix.de/
https://precice.org/adapter-calculix-overview.html


File structure
- precice-config.xml

- fluid-openfoam/

    - 0/U ...

    - constant/dynamicMeshDict ...

    - system/

      - controlDict

      - preciceDict

    - ...

- solid-calculix/

    - flap.inp

    - config.yml

    - ...
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For demonstration purposes
In precice-config.xml:

Reduce the max-time from 5s to 1.5s
Switch to a serial-explicit coupling scheme

In solid-calculix/flap.inp:
Lower the solid density from 3000 to 30
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Configure OpenFOAM
// fluid-openfoam/0/U

    

flap

{

    type            movingWallVelocity;

    value           uniform (0 0 0);

}

1

2

3

4

5

6

7

// fluid-openfoam/0/pointDisplacement

    

flap

{

    type            fixedValue;

    value           $internalField;

}

1

2

3

4

5

6

7

// fluid-openfoam/constant/dynamicMeshDict

    

solver      displacementLaplacian;

1

2

3
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Load the OpenFOAM adapter
// fluid-openfoam/system/controlDict

functions

{

    preCICE_Adapter

    {

        type preciceAdapterFunctionObject;

        libs ("libpreciceAdapterFunctionObject.so");

    }

}

 

// Don't forget to build the adapter with Allwmake

1

2

3

4

5

6

7

8

9

10

11
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Configure the OpenFOAM adapter
// fluid-openfoam/system/preciceDict

preciceConfig "../precice-config.xml";

participant Fluid;

 

modules (FSI);

 

interfaces {

  Interface1 {

    mesh Fluid-Mesh;

    patches (flap);

    locations faceCenters;

 

    readData (Displacement);

 

    writeData (Force);

  };

};

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17
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Configure the CalculiX adapter
// solid-calculix/config.yml

    

participants:

 

    Solid:

        interfaces:

        - nodes-mesh: Solid-Mesh

          patch: surface

          read-data: [Force]

          write-data: [Displacement]

          

precice-config-file: ../precice-config.xml

1

2

3

4

5

6

7

8

9

10

11

12
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Configure preCICE
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Configure preCICE

Notice the serial-explicit coupling scheme

  <data:vector name="Force" />

  <data:vector name="Displacement" />

<solver-interface dimensions="2">1

2

3

 4

  <mesh name="Fluid-Mesh">5

    <use-data name="Force" />6

    <use-data name="Displacement" />7

  </mesh>8

 9

  <mesh name="Solid-Mesh">10

    <use-data name="Displacement" />11

    <use-data name="Force" />12

  </mesh>13

 14

  <participant name="Fluid">15

    <export:vtk directory="results" />16

    <use-mesh name="Fluid-Mesh" provide="yes" />17
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Configure preCICE

Notice the serial-explicit coupling scheme

  <data:vector name="Force" />

  <data:vector name="Displacement" />

<solver-interface dimensions="2">1

2

3

 4

  <mesh name="Fluid-Mesh">5

    <use-data name="Force" />6

    <use-data name="Displacement" />7

  </mesh>8

 9

  <mesh name="Solid-Mesh">10

    <use-data name="Displacement" />11

    <use-data name="Force" />12

  </mesh>13

 14

  <participant name="Fluid">15

    <export:vtk directory="results" />16

    <use-mesh name="Fluid-Mesh" provide="yes" />17

  <mesh name="Fluid-Mesh">

    <use-data name="Force" />

    <use-data name="Displacement" />

  </mesh>

 

  <mesh name="Solid-Mesh">

    <use-data name="Displacement" />

    <use-data name="Force" />

  </mesh>

<solver-interface dimensions="2">1

  <data:vector name="Force" />2

  <data:vector name="Displacement" />3

 4

5

6

7

8

9

10

11

12

13

 14

  <participant name="Fluid">15

    <export:vtk directory="results" />16

    <use-mesh name="Fluid-Mesh" provide="yes" />17
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Configure preCICE

Notice the serial-explicit coupling scheme

  <data:vector name="Force" />

  <data:vector name="Displacement" />

<solver-interface dimensions="2">1

2

3

 4

  <mesh name="Fluid-Mesh">5

    <use-data name="Force" />6

    <use-data name="Displacement" />7

  </mesh>8

 9

  <mesh name="Solid-Mesh">10

    <use-data name="Displacement" />11

    <use-data name="Force" />12

  </mesh>13

 14

  <participant name="Fluid">15

    <export:vtk directory="results" />16

    <use-mesh name="Fluid-Mesh" provide="yes" />17

  <mesh name="Fluid-Mesh">

    <use-data name="Force" />

    <use-data name="Displacement" />

  </mesh>

 

  <mesh name="Solid-Mesh">

    <use-data name="Displacement" />

    <use-data name="Force" />

  </mesh>

<solver-interface dimensions="2">1

  <data:vector name="Force" />2

  <data:vector name="Displacement" />3

 4

5

6

7

8

9

10

11

12

13

 14

  <participant name="Fluid">15

    <export:vtk directory="results" />16

    <use-mesh name="Fluid-Mesh" provide="yes" />17

  <participant name="Fluid">

    <export:vtk directory="results" />

    <use-mesh name="Fluid-Mesh" provide="yes" />

    <use-mesh name="Solid-Mesh" from="Solid" />

    <write-data name="Force" mesh="Fluid-Mesh" />

    <read-data name="Displacement" mesh="Fluid-Mesh" />

    <mapping:rbf-thin-plate-splines

      direction="write"

      from="Fluid-Mesh"

      to="Solid-Mesh"

      constraint="conservative" />

    <mapping:rbf-thin-plate-splines

      direction="read"

      from="Solid-Mesh"

      to="Fluid-Mesh"

      constraint="consistent" />

  </participant>

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31
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Configure preCICE

Notice the serial-explicit coupling scheme

  <data:vector name="Force" />

  <data:vector name="Displacement" />

<solver-interface dimensions="2">1

2

3

 4

  <mesh name="Fluid-Mesh">5

    <use-data name="Force" />6

    <use-data name="Displacement" />7

  </mesh>8

 9

  <mesh name="Solid-Mesh">10

    <use-data name="Displacement" />11

    <use-data name="Force" />12

  </mesh>13

 14

  <participant name="Fluid">15

    <export:vtk directory="results" />16

    <use-mesh name="Fluid-Mesh" provide="yes" />17

  <mesh name="Fluid-Mesh">

    <use-data name="Force" />

    <use-data name="Displacement" />

  </mesh>

 

  <mesh name="Solid-Mesh">

    <use-data name="Displacement" />

    <use-data name="Force" />

  </mesh>

<solver-interface dimensions="2">1

  <data:vector name="Force" />2

  <data:vector name="Displacement" />3

 4

5

6

7

8

9

10

11

12

13

 14

  <participant name="Fluid">15

    <export:vtk directory="results" />16

    <use-mesh name="Fluid-Mesh" provide="yes" />17

  <participant name="Fluid">

    <export:vtk directory="results" />

    <use-mesh name="Fluid-Mesh" provide="yes" />

    <use-mesh name="Solid-Mesh" from="Solid" />

    <write-data name="Force" mesh="Fluid-Mesh" />

    <read-data name="Displacement" mesh="Fluid-Mesh" />

    <mapping:rbf-thin-plate-splines

      direction="write"

      from="Fluid-Mesh"

      to="Solid-Mesh"

      constraint="conservative" />

    <mapping:rbf-thin-plate-splines

      direction="read"

      from="Solid-Mesh"

      to="Fluid-Mesh"

      constraint="consistent" />

  </participant>

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

  <participant name="Fluid">

    <write-data name="Force" mesh="Fluid-Mesh" />

    <read-data name="Displacement" mesh="Fluid-Mesh" />

  </participant>

15

    <export:vtk directory="results" />16

    <use-mesh name="Fluid-Mesh" provide="yes" />17

    <use-mesh name="Solid-Mesh" from="Solid" />18

19

20

    <mapping:rbf-thin-plate-splines21

      direction="write"22

      from="Fluid-Mesh"23

      to="Solid-Mesh"24

      constraint="conservative" />25

    <mapping:rbf-thin-plate-splines26

      direction="read"27

      from="Solid-Mesh"28

      to="Fluid-Mesh"29

      constraint="consistent" />30

31
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Configure preCICE

Notice the serial-explicit coupling scheme

  <data:vector name="Force" />

  <data:vector name="Displacement" />

<solver-interface dimensions="2">1

2

3

 4

  <mesh name="Fluid-Mesh">5

    <use-data name="Force" />6

    <use-data name="Displacement" />7

  </mesh>8

 9

  <mesh name="Solid-Mesh">10

    <use-data name="Displacement" />11

    <use-data name="Force" />12

  </mesh>13

 14

  <participant name="Fluid">15

    <export:vtk directory="results" />16

    <use-mesh name="Fluid-Mesh" provide="yes" />17

  <mesh name="Fluid-Mesh">

    <use-data name="Force" />

    <use-data name="Displacement" />

  </mesh>

 

  <mesh name="Solid-Mesh">

    <use-data name="Displacement" />

    <use-data name="Force" />

  </mesh>

<solver-interface dimensions="2">1

  <data:vector name="Force" />2

  <data:vector name="Displacement" />3

 4

5

6

7

8

9

10

11

12

13

 14

  <participant name="Fluid">15

    <export:vtk directory="results" />16

    <use-mesh name="Fluid-Mesh" provide="yes" />17

  <participant name="Fluid">

    <export:vtk directory="results" />

    <use-mesh name="Fluid-Mesh" provide="yes" />

    <use-mesh name="Solid-Mesh" from="Solid" />

    <write-data name="Force" mesh="Fluid-Mesh" />

    <read-data name="Displacement" mesh="Fluid-Mesh" />

    <mapping:rbf-thin-plate-splines

      direction="write"

      from="Fluid-Mesh"

      to="Solid-Mesh"

      constraint="conservative" />

    <mapping:rbf-thin-plate-splines

      direction="read"

      from="Solid-Mesh"

      to="Fluid-Mesh"

      constraint="consistent" />

  </participant>

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

  <participant name="Fluid">

    <write-data name="Force" mesh="Fluid-Mesh" />

    <read-data name="Displacement" mesh="Fluid-Mesh" />

  </participant>

15

    <export:vtk directory="results" />16

    <use-mesh name="Fluid-Mesh" provide="yes" />17

    <use-mesh name="Solid-Mesh" from="Solid" />18

19

20

    <mapping:rbf-thin-plate-splines21

      direction="write"22

      from="Fluid-Mesh"23

      to="Solid-Mesh"24

      constraint="conservative" />25

    <mapping:rbf-thin-plate-splines26

      direction="read"27

      from="Solid-Mesh"28

      to="Fluid-Mesh"29

      constraint="consistent" />30

31

  <participant name="Fluid">

    <mapping:rbf-thin-plate-splines

      direction="write"

      from="Fluid-Mesh"

      to="Solid-Mesh"

      constraint="conservative" />

  </participant>

15

    <export:vtk directory="results" />16

    <use-mesh name="Fluid-Mesh" provide="yes" />17

    <use-mesh name="Solid-Mesh" from="Solid" />18

    <write-data name="Force" mesh="Fluid-Mesh" />19

    <read-data name="Displacement" mesh="Fluid-Mesh" />20

21

22

23

24

25

    <mapping:rbf-thin-plate-splines26

      direction="read"27

      from="Solid-Mesh"28

      to="Fluid-Mesh"29

      constraint="consistent" />30

31
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Configure preCICE

Notice the serial-explicit coupling scheme

  <data:vector name="Force" />

  <data:vector name="Displacement" />

<solver-interface dimensions="2">1

2

3

 4

  <mesh name="Fluid-Mesh">5

    <use-data name="Force" />6

    <use-data name="Displacement" />7

  </mesh>8

 9

  <mesh name="Solid-Mesh">10

    <use-data name="Displacement" />11

    <use-data name="Force" />12

  </mesh>13

 14

  <participant name="Fluid">15

    <export:vtk directory="results" />16

    <use-mesh name="Fluid-Mesh" provide="yes" />17

  <mesh name="Fluid-Mesh">

    <use-data name="Force" />

    <use-data name="Displacement" />

  </mesh>

 

  <mesh name="Solid-Mesh">

    <use-data name="Displacement" />

    <use-data name="Force" />

  </mesh>

<solver-interface dimensions="2">1

  <data:vector name="Force" />2

  <data:vector name="Displacement" />3

 4

5

6

7

8

9

10

11

12

13

 14

  <participant name="Fluid">15

    <export:vtk directory="results" />16

    <use-mesh name="Fluid-Mesh" provide="yes" />17

  <participant name="Fluid">

    <export:vtk directory="results" />

    <use-mesh name="Fluid-Mesh" provide="yes" />

    <use-mesh name="Solid-Mesh" from="Solid" />

    <write-data name="Force" mesh="Fluid-Mesh" />

    <read-data name="Displacement" mesh="Fluid-Mesh" />

    <mapping:rbf-thin-plate-splines

      direction="write"

      from="Fluid-Mesh"

      to="Solid-Mesh"

      constraint="conservative" />

    <mapping:rbf-thin-plate-splines

      direction="read"

      from="Solid-Mesh"

      to="Fluid-Mesh"

      constraint="consistent" />

  </participant>

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

  <participant name="Fluid">

    <write-data name="Force" mesh="Fluid-Mesh" />

    <read-data name="Displacement" mesh="Fluid-Mesh" />

  </participant>

15

    <export:vtk directory="results" />16

    <use-mesh name="Fluid-Mesh" provide="yes" />17

    <use-mesh name="Solid-Mesh" from="Solid" />18

19

20

    <mapping:rbf-thin-plate-splines21

      direction="write"22

      from="Fluid-Mesh"23

      to="Solid-Mesh"24

      constraint="conservative" />25

    <mapping:rbf-thin-plate-splines26

      direction="read"27

      from="Solid-Mesh"28

      to="Fluid-Mesh"29

      constraint="consistent" />30

31

  <participant name="Fluid">

    <mapping:rbf-thin-plate-splines

      direction="write"

      from="Fluid-Mesh"

      to="Solid-Mesh"

      constraint="conservative" />

  </participant>

15

    <export:vtk directory="results" />16

    <use-mesh name="Fluid-Mesh" provide="yes" />17

    <use-mesh name="Solid-Mesh" from="Solid" />18

    <write-data name="Force" mesh="Fluid-Mesh" />19

    <read-data name="Displacement" mesh="Fluid-Mesh" />20

21

22

23

24

25

    <mapping:rbf-thin-plate-splines26

      direction="read"27

      from="Solid-Mesh"28

      to="Fluid-Mesh"29

      constraint="consistent" />30

31

  <m2n:sockets from="Fluid" to="Solid" exchange-directory=".." />

p p

 32

  <participant name="Solid">33

    <use-mesh name="Solid-Mesh" provide="yes" />34

    <write-data name="Displacement" mesh="Solid-Mesh" />35

    <read-data name="Force" mesh="Solid-Mesh" />36

    <watch-point mesh="Solid-Mesh" name="Flap-Tip" coordinate="0.0;1" 37

  </participant>38

 39

40

 41

  <coupling-scheme:serial-explicit>42

    <participants first="Fluid" second="Solid" />43

    <max-time value="1.5" />44

    <time-window-size value="0.01" />45

    <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" 46

    <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="F47

  </coupling-scheme:serial-explicit>48
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Configure preCICE

Notice the serial-explicit coupling scheme

  <data:vector name="Force" />

  <data:vector name="Displacement" />

<solver-interface dimensions="2">1

2

3

 4

  <mesh name="Fluid-Mesh">5

    <use-data name="Force" />6

    <use-data name="Displacement" />7

  </mesh>8

 9

  <mesh name="Solid-Mesh">10

    <use-data name="Displacement" />11

    <use-data name="Force" />12

  </mesh>13

 14

  <participant name="Fluid">15

    <export:vtk directory="results" />16

    <use-mesh name="Fluid-Mesh" provide="yes" />17

  <mesh name="Fluid-Mesh">

    <use-data name="Force" />

    <use-data name="Displacement" />

  </mesh>

 

  <mesh name="Solid-Mesh">

    <use-data name="Displacement" />

    <use-data name="Force" />

  </mesh>

<solver-interface dimensions="2">1

  <data:vector name="Force" />2

  <data:vector name="Displacement" />3

 4

5

6

7

8

9

10

11

12

13

 14

  <participant name="Fluid">15

    <export:vtk directory="results" />16

    <use-mesh name="Fluid-Mesh" provide="yes" />17

  <participant name="Fluid">

    <export:vtk directory="results" />

    <use-mesh name="Fluid-Mesh" provide="yes" />

    <use-mesh name="Solid-Mesh" from="Solid" />

    <write-data name="Force" mesh="Fluid-Mesh" />

    <read-data name="Displacement" mesh="Fluid-Mesh" />

    <mapping:rbf-thin-plate-splines

      direction="write"

      from="Fluid-Mesh"

      to="Solid-Mesh"

      constraint="conservative" />

    <mapping:rbf-thin-plate-splines

      direction="read"

      from="Solid-Mesh"

      to="Fluid-Mesh"

      constraint="consistent" />

  </participant>

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

  <participant name="Fluid">

    <write-data name="Force" mesh="Fluid-Mesh" />

    <read-data name="Displacement" mesh="Fluid-Mesh" />

  </participant>

15

    <export:vtk directory="results" />16

    <use-mesh name="Fluid-Mesh" provide="yes" />17

    <use-mesh name="Solid-Mesh" from="Solid" />18

19

20

    <mapping:rbf-thin-plate-splines21

      direction="write"22

      from="Fluid-Mesh"23

      to="Solid-Mesh"24

      constraint="conservative" />25

    <mapping:rbf-thin-plate-splines26

      direction="read"27

      from="Solid-Mesh"28

      to="Fluid-Mesh"29

      constraint="consistent" />30

31

  <participant name="Fluid">

    <mapping:rbf-thin-plate-splines

      direction="write"

      from="Fluid-Mesh"

      to="Solid-Mesh"

      constraint="conservative" />

  </participant>

15

    <export:vtk directory="results" />16

    <use-mesh name="Fluid-Mesh" provide="yes" />17

    <use-mesh name="Solid-Mesh" from="Solid" />18

    <write-data name="Force" mesh="Fluid-Mesh" />19

    <read-data name="Displacement" mesh="Fluid-Mesh" />20

21

22

23

24

25

    <mapping:rbf-thin-plate-splines26

      direction="read"27

      from="Solid-Mesh"28

      to="Fluid-Mesh"29

      constraint="consistent" />30

31

  <m2n:sockets from="Fluid" to="Solid" exchange-directory=".." />

p p

 32

  <participant name="Solid">33

    <use-mesh name="Solid-Mesh" provide="yes" />34

    <write-data name="Displacement" mesh="Solid-Mesh" />35

    <read-data name="Force" mesh="Solid-Mesh" />36

    <watch-point mesh="Solid-Mesh" name="Flap-Tip" coordinate="0.0;1" 37

  </participant>38

 39

40

 41

  <coupling-scheme:serial-explicit>42

    <participants first="Fluid" second="Solid" />43

    <max-time value="1.5" />44

    <time-window-size value="0.01" />45

    <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" 46

    <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="F47

  </coupling-scheme:serial-explicit>48

  <coupling-scheme:serial-explicit>

    <participants first="Fluid" second="Solid" />

    <max-time value="1.5" />

    <time-window-size value="0.01" />

    <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" 

    <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="F

  </coupling-scheme:serial-explicit>

    <use-mesh name="Solid-Mesh" provide="yes" />34

    <write-data name="Displacement" mesh="Solid-Mesh" />35

    <read-data name="Force" mesh="Solid-Mesh" />36

    <watch-point mesh="Solid-Mesh" name="Flap-Tip" coordinate="0.0;1" 37

  </participant>38

 39

  <m2n:sockets from="Fluid" to="Solid" exchange-directory=".." />40

 41

42

43

44

45

46

47

48

 49

</solver-interface>50
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https://github.com/MakisH/ofw18-training/blob/master/videos/execution-serial-explicit.mp4
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https://github.com/MakisH/ofw18-training/blob/master/videos/video-explicit.ogv
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https://github.com/MakisH/ofw18-training/blob/master/videos/video-explicit.ogv


What we did so far: serial-explicit scheme
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Let's try an implicit coupling scheme
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Configure the coupling scheme

Simplest case: constant under-relaxation

<coupling-scheme:serial-implicit>

</coupling-scheme:serial-implicit>

1

  <participants first="Fluid" second="Solid" />2

  <max-time value="1.5" />3

  <time-window-size value="0.01" />4

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />5

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu6

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=7

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid8

  <max-iterations value="50" />9

  <acceleration:constant>10

    <relaxation value="0.5" />11

  </acceleration:constant>12

13
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Configure the coupling scheme

Simplest case: constant under-relaxation

<coupling-scheme:serial-implicit>

</coupling-scheme:serial-implicit>

1

  <participants first="Fluid" second="Solid" />2

  <max-time value="1.5" />3

  <time-window-size value="0.01" />4

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />5

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu6

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=7

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid8

  <max-iterations value="50" />9

  <acceleration:constant>10

    <relaxation value="0.5" />11

  </acceleration:constant>12

13

  <participants first="Fluid" second="Solid" />

<coupling-scheme:serial-implicit>1

2

  <max-time value="1.5" />3

  <time-window-size value="0.01" />4

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />5

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu6

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=7

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid8

  <max-iterations value="50" />9

  <acceleration:constant>10

    <relaxation value="0.5" />11

  </acceleration:constant>12

</coupling-scheme:serial-implicit>13
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Configure the coupling scheme

Simplest case: constant under-relaxation

<coupling-scheme:serial-implicit>

</coupling-scheme:serial-implicit>

1

  <participants first="Fluid" second="Solid" />2

  <max-time value="1.5" />3

  <time-window-size value="0.01" />4

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />5

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu6

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=7

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid8

  <max-iterations value="50" />9

  <acceleration:constant>10

    <relaxation value="0.5" />11

  </acceleration:constant>12

13

  <participants first="Fluid" second="Solid" />

<coupling-scheme:serial-implicit>1

2

  <max-time value="1.5" />3

  <time-window-size value="0.01" />4

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />5

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu6

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=7

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid8

  <max-iterations value="50" />9

  <acceleration:constant>10

    <relaxation value="0.5" />11

  </acceleration:constant>12

</coupling-scheme:serial-implicit>13

  <max-time value="1.5" />

  <time-window-size value="0.01" />

<coupling-scheme:serial-implicit>1

  <participants first="Fluid" second="Solid" />2

3

4

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />5

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu6

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=7

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid8

  <max-iterations value="50" />9

  <acceleration:constant>10

    <relaxation value="0.5" />11

  </acceleration:constant>12

</coupling-scheme:serial-implicit>13
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Configure the coupling scheme

Simplest case: constant under-relaxation

<coupling-scheme:serial-implicit>

</coupling-scheme:serial-implicit>

1

  <participants first="Fluid" second="Solid" />2

  <max-time value="1.5" />3

  <time-window-size value="0.01" />4

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />5

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu6

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=7

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid8

  <max-iterations value="50" />9

  <acceleration:constant>10

    <relaxation value="0.5" />11

  </acceleration:constant>12

13

  <participants first="Fluid" second="Solid" />

<coupling-scheme:serial-implicit>1

2

  <max-time value="1.5" />3

  <time-window-size value="0.01" />4

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />5

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu6

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=7

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid8

  <max-iterations value="50" />9

  <acceleration:constant>10

    <relaxation value="0.5" />11

  </acceleration:constant>12

</coupling-scheme:serial-implicit>13

  <max-time value="1.5" />

  <time-window-size value="0.01" />

<coupling-scheme:serial-implicit>1

  <participants first="Fluid" second="Solid" />2

3

4

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />5

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu6

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=7

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid8

  <max-iterations value="50" />9

  <acceleration:constant>10

    <relaxation value="0.5" />11

  </acceleration:constant>12

</coupling-scheme:serial-implicit>13

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu

<coupling-scheme:serial-implicit>1

  <participants first="Fluid" second="Solid" />2

  <max-time value="1.5" />3

  <time-window-size value="0.01" />4

5

6

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=7

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid8

  <max-iterations value="50" />9

  <acceleration:constant>10

    <relaxation value="0.5" />11

  </acceleration:constant>12

</coupling-scheme:serial-implicit>13
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Configure the coupling scheme

Simplest case: constant under-relaxation

<coupling-scheme:serial-implicit>

</coupling-scheme:serial-implicit>

1

  <participants first="Fluid" second="Solid" />2

  <max-time value="1.5" />3

  <time-window-size value="0.01" />4

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />5

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu6

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=7

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid8

  <max-iterations value="50" />9

  <acceleration:constant>10

    <relaxation value="0.5" />11

  </acceleration:constant>12

13

  <participants first="Fluid" second="Solid" />

<coupling-scheme:serial-implicit>1

2

  <max-time value="1.5" />3

  <time-window-size value="0.01" />4

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />5

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu6

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=7

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid8

  <max-iterations value="50" />9

  <acceleration:constant>10

    <relaxation value="0.5" />11

  </acceleration:constant>12

</coupling-scheme:serial-implicit>13

  <max-time value="1.5" />

  <time-window-size value="0.01" />

<coupling-scheme:serial-implicit>1

  <participants first="Fluid" second="Solid" />2

3

4

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />5

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu6

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=7

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid8

  <max-iterations value="50" />9

  <acceleration:constant>10

    <relaxation value="0.5" />11

  </acceleration:constant>12

</coupling-scheme:serial-implicit>13

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu

<coupling-scheme:serial-implicit>1

  <participants first="Fluid" second="Solid" />2

  <max-time value="1.5" />3

  <time-window-size value="0.01" />4

5

6

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=7

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid8

  <max-iterations value="50" />9

  <acceleration:constant>10

    <relaxation value="0.5" />11

  </acceleration:constant>12

</coupling-scheme:serial-implicit>13

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid

  <max-iterations value="50" />

<coupling-scheme:serial-implicit>1

  <participants first="Fluid" second="Solid" />2

  <max-time value="1.5" />3

  <time-window-size value="0.01" />4

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />5

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu6

7

8

9

  <acceleration:constant>10

    <relaxation value="0.5" />11

  </acceleration:constant>12

</coupling-scheme:serial-implicit>13
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Configure the coupling scheme

Simplest case: constant under-relaxation

<coupling-scheme:serial-implicit>

</coupling-scheme:serial-implicit>

1

  <participants first="Fluid" second="Solid" />2

  <max-time value="1.5" />3

  <time-window-size value="0.01" />4

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />5

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu6

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=7

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid8

  <max-iterations value="50" />9

  <acceleration:constant>10

    <relaxation value="0.5" />11

  </acceleration:constant>12

13

  <participants first="Fluid" second="Solid" />

<coupling-scheme:serial-implicit>1

2

  <max-time value="1.5" />3

  <time-window-size value="0.01" />4

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />5

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu6

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=7

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid8

  <max-iterations value="50" />9

  <acceleration:constant>10

    <relaxation value="0.5" />11

  </acceleration:constant>12

</coupling-scheme:serial-implicit>13

  <max-time value="1.5" />

  <time-window-size value="0.01" />

<coupling-scheme:serial-implicit>1

  <participants first="Fluid" second="Solid" />2

3

4

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />5

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu6

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=7

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid8

  <max-iterations value="50" />9

  <acceleration:constant>10

    <relaxation value="0.5" />11

  </acceleration:constant>12

</coupling-scheme:serial-implicit>13

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu

<coupling-scheme:serial-implicit>1

  <participants first="Fluid" second="Solid" />2

  <max-time value="1.5" />3

  <time-window-size value="0.01" />4

5

6

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=7

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid8

  <max-iterations value="50" />9

  <acceleration:constant>10

    <relaxation value="0.5" />11

  </acceleration:constant>12

</coupling-scheme:serial-implicit>13

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid

  <max-iterations value="50" />

<coupling-scheme:serial-implicit>1

  <participants first="Fluid" second="Solid" />2

  <max-time value="1.5" />3

  <time-window-size value="0.01" />4

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />5

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu6

7

8

9

  <acceleration:constant>10

    <relaxation value="0.5" />11

  </acceleration:constant>12

</coupling-scheme:serial-implicit>13

  <acceleration:constant>

    <relaxation value="0.5" />

  </acceleration:constant>

<coupling-scheme:serial-implicit>1

  <participants first="Fluid" second="Solid" />2

  <max-time value="1.5" />3

  <time-window-size value="0.01" />4

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />5

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu6

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=7

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid8

  <max-iterations value="50" />9

10

11

12

</coupling-scheme:serial-implicit>13
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https://github.com/MakisH/ofw18-training/blob/master/videos/video-implicit.ogv
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https://github.com/MakisH/ofw18-training/blob/master/videos/video-implicit.ogv


Too slow! Can we do better?
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Improvement 1: Aitken under-relaxation

Average iterations drop from 3.85 (constant) to 3.49 (Aitken)
Note: This simulation is reaching a steady-state, thus differences diffuse

<acceleration:aitken>

  <data name="Displacement" mesh="Solid-Mesh" />

  <initial-relaxation value="0.5" />

</acceleration:aitken>
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Improvement 2: Anderson acceleration

Average iterations drop from 3.49 (Aitken) to 2.91 (IQN)

<acceleration:IQN-ILS>

  <data name="Displacement" mesh="Solid-Mesh" />

  <initial-relaxation value="0.5" />

</acceleration:IQN-ILS>

1

2

3

  <preconditioner type="residual-sum" />4

  <filter type="QR2" limit="1e-2" />5

  <max-used-iterations value="100" />6

  <time-windows-reused value="15" />7

8
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Improvement 2: Anderson acceleration

Average iterations drop from 3.49 (Aitken) to 2.91 (IQN)

<acceleration:IQN-ILS>

  <data name="Displacement" mesh="Solid-Mesh" />

  <initial-relaxation value="0.5" />

</acceleration:IQN-ILS>

1

2

3

  <preconditioner type="residual-sum" />4

  <filter type="QR2" limit="1e-2" />5

  <max-used-iterations value="100" />6

  <time-windows-reused value="15" />7

8

  <preconditioner type="residual-sum" />

  <filter type="QR2" limit="1e-2" />

  <max-used-iterations value="100" />

  <time-windows-reused value="15" />

<acceleration:IQN-ILS>1

  <data name="Displacement" mesh="Solid-Mesh" />2

  <initial-relaxation value="0.5" />3

4

5

6

7

</acceleration:IQN-ILS>8
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There are also parallel schemes

Can use fields from both / all participants
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Improvement 3: Parallel coupling schemes

Average iterations drop from 2.91 (serial-implicit IQN) to 2.37 (parallel-implicit IQN)

<coupling-scheme:parallel-implicit>1

  <time-window-size value="0.01" />2

  <max-time value="1.5" />3

  <participants first="Fluid" second="Solid" />4

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />5

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu6

  <max-iterations value="50" />7

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=8

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid9

  <acceleration:IQN-ILS>10

    <data name="Displacement" mesh="Solid-Mesh" />11

    <data name="Force" mesh="Solid-Mesh" />12

    <initial-relaxation value="0.5" />13

    <preconditioner type="residual-sum" />14

    <filter type="QR2" limit="1e-2" />15

    <max-used-iterations value="100" />16

    <time-windows-reused value="15" />17
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Improvement 3: Parallel coupling schemes

Average iterations drop from 2.91 (serial-implicit IQN) to 2.37 (parallel-implicit IQN)

<coupling-scheme:parallel-implicit>1

  <time-window-size value="0.01" />2

  <max-time value="1.5" />3

  <participants first="Fluid" second="Solid" />4

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />5

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu6

  <max-iterations value="50" />7

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=8

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid9

  <acceleration:IQN-ILS>10

    <data name="Displacement" mesh="Solid-Mesh" />11

    <data name="Force" mesh="Solid-Mesh" />12

    <initial-relaxation value="0.5" />13

    <preconditioner type="residual-sum" />14

    <filter type="QR2" limit="1e-2" />15

    <max-used-iterations value="100" />16

    <time-windows-reused value="15" />17

  <acceleration:IQN-ILS>

    <data name="Displacement" mesh="Solid-Mesh" />

    <data name="Force" mesh="Solid-Mesh" />

  </acceleration:IQN-ILS>

  <max-time value="1.5" />3

  <participants first="Fluid" second="Solid" />4

  <exchange data="Force" mesh="Solid-Mesh" from="Fluid" to="Solid" />5

  <exchange data="Displacement" mesh="Solid-Mesh" from="Solid" to="Flu6

  <max-iterations value="50" />7

  <relative-convergence-measure limit="5e-3" data="Displacement" mesh=8

  <relative-convergence-measure limit="5e-3" data="Force" mesh="Solid9

10

11

12

    <initial-relaxation value="0.5" />13

    <preconditioner type="residual-sum" />14

    <filter type="QR2" limit="1e-2" />15

    <max-used-iterations value="100" />16

    <time-windows-reused value="15" />17

18

</coupling-scheme:parallel-implicit>19
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Beware: Configuration not fine-tuned, not rigorous comparison, application context.
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Rigorous comparison from the literature

Source: Dissertation of Benjamin Uekermann (2016)
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Rigorous comparison from the literature

Source: Dissertation of Benjamin Uekermann (2016)
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Resources
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Start here: precice.org

Built & hosted on GitHub Pages.
Last 7 days: 600+ visitors, 4k pageviews
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https://www.precice.org/


Documentation

Everything in one place, user-editable on GitHub, 100+ pages
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https://precice.org/docs.html


Discuss & get help

Active since October 2019, 380+ users, 5k posts in 600+ topics
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https://precice.discourse.group/


Learn: YouTube

Active since 2020, 450+ subscribers, 40+ videos
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https://www.youtube.com/c/preCICECoupling


Get news: Twitter

Active since 2018, 400+ followers
also on @precice@fosstodon.org

83 /  90

https://twitter.com/preCICE_org


Read more: OpenFOAM-preCICE paper
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https://doi.org/10.51560/ofj.v3.88


Read more: New v2 reference paper
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https://open-research-europe.ec.europa.eu/articles/2-51/v2


The people behind preCICE
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The people behind preCICE
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Meet the people
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preCICE is free because of

and the code/issues/testing/documentation contributions of people like you (thank you!).
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Summary
1. Both for developers and for users

2. Many efficient algorithms are one setting away
Gerasimos Chourdakis (TUM) + many more (see )

Please give me feedback on this talk: 

This work is licensed under a .
.

precice.org/about

go.tum.de/530822

Creative Commons Attribution 4.0 International License
Get these slides
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https://www.precice.org/about/
http://go.tum.de/530822
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://go.tum.de/530822

