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Partitioned = heterogeneous
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Outline

What is preCICE?

Why preCICE relies on domain decomposition
preCICE v3: waveform iteration (= PinT)
Partitioned heat equation

preCICE user interface + waveform iteration
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What is preCICE?

OpenFOAM

Su2

in-house

solver

APl in:

C++ Python
C Fortran

Matlab
Julia
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communication

/" preCICE \

A Coupling Library for Partitioned
Multi-Physics Simulations

*

data mapping
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Q)Iing schemes
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FEniCS
Nutils
CalculiX
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tutorials/perpendicular-flap

coupling via preCICE
e
[Mfixed

Solid participant
CalculiX, deal.ll, or FEniCS
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Why preCICE relies on domain decomposition TUT

Divide
* OpenFOAM # CalculiX
* preCICE = partitioned multiphysics
+ Dirichlet-Neumann = black box

Conquer

* Fluid: .7 (d) =u

* Solid: S (u)=d
Boundary response maps

coupling via preCICE

F (= Poincaré-Steklov operator)
—|re Combine
« F(S(UF) =Tk
fixed o
. ak 2, uk+1
Solid participant Picard iteration + acceleration

CalculiX, deal.ll, or FEniCS
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preCICE v2: single-value coupling

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

<coupling-scheme:serial-implicit>
<participants first="Fluid" second="Solid" />

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

<exchange
data="Displ"
from="Solid"

to="Fluid" />

</coupling-scheme:serial-implicit>
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preCICE v3: waveform iteration (= PinT)

t A
n+1__ @ h
<data:vector name="Force" waveform-degree="2" />
<data:vector name="Displ" waveform-degree="3" />
<coupling-scheme:serial-implicit>
<participants first="Fluid" second="Solid" />
<exchange
data="Force"
from="Fluid" o -
to="Solid"
substeps="true" />
<exchange
data="Displ" otz
from="Solid"
to="Fluid"
substeps="true" />
L / "L e
</coupling-scheme:serial-implicit>
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Partitioned heat equation TUT

Temperature uon I ¢ for #Z Temperature u on Iy for £

Dirichlet solver #
acts on right part Q4

Dirichlet solver .
acts on left part Q &

Overlappiﬁg région: QrNQy
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Partitioned heat equation

Dirichlet boundary condition on ' for 2
temperature uc

Dirichlet solver
(FEnIiCS, OpenFOAM, or Nutils)

heat flux gc = Vu Ire
Neumann boundary condition on [ for A4
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Neumann solver .4
(FEniCS, OpenFOAM, or Nutils)
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Partitioned heat equation
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10-10 ——v3, GL(2), At =50t
——v3, LIIC(3), At =104t
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ot

Bachelor’s thesis by Niklas Vinnitchenko Evaluation of Higher-Order Coupling Schemes with FEniCS-preCICE'

Thttps://github.com/precice/tutorials/pull/415
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Outlook: FS (atm) without |
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CalculiX beam (Probe at beam tip, compare to §t = 107°) OpenFOAM Taylor-Green vortex

Guided research project by Marc Amordés Trepat Review of higher-order time stepping schemes in open-source solvers
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preCICE user interface + waveform iteration

— \
14 bprec.'l ce Adapter
(pyprecice)

Goal: Black-box + higher-order interpolation + waveform iteration

* Numerics: Accuracy, convergence order, energy conservation

* API Design: Simple user interface!

* Move as much waveform iteration logic inside preCICE as possible

» preCICE v2.5 is the current version, preCICE v3 + new APl is almost released

Benjamin Rodenberg (TUM) | preCICE waveform iteration

14



Z(d) = uin python: API example

# example: FSI coupling, perspective of fluid solver F:
participant = precice.Participant("Fluid", "precice-config.xml")

# leaving out coupling mesh and data initialization
participant.initialize()

while participant.is_coupling_ongoing():
# store checkpoint, if needed
dt = participant.get_max_time_step_size()
displacement = participant.read_data(dt) # Read displacement at t,+At: dyiq
forces = forces + dt » dfdt(displacements) # Implicit Euler
participant.write_data(forces)
participant.advance(dt)
# read checkpoint, i1f needed

participant.finalize()
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API with RK4, with subcycling TUT

# example: FSI coupling, perspective of fluid solver %:
#o...
participant.initialize()

while participant.is_coupling_ongoing():

# store checkpoint, if needed

precice_dt = participant.get_max_time_step_size() # until end of window

solver_dt = time_stepper.get_max_dt() # stability, adaptivity

dt = np.min([precice_dt, solver_dt]) # actual time step size ot

# time_stepper represents s-stage RK scheme

ts = time_stepper.rhs_eval_points(dt) # t,+ci,fp+co... th+cCs

displacements = [participant.read_data(t) for t 1in ts] # d(t,+c1),d(thy+co)....d(t,+cs)
S

forces = time_stepper.do_step(displacements, dt) # f, 1 =1 +0dt) bk
i=1

participant.write_data(forces)
participant.advance(dt)
# read checkpoint, if needed

participant.finalize()
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Conclusion UM

State of development
» Achievements: Black-box waveform iteration + usable API (+ multirate)
» Goal: Release preCICE v3. (we are very very close)
* If you want to try experimental version now: https://github.com/precice/precice/pull/1914

Where to be careful:
» Requirement: High order interpolation needs subcycling
* Restriction: Only simple acceleration with substeps, https://github.com/precice/precice/pull/1834

Many questions:
» Synchronization, subcycling, and performance?
« Fluid-structure interaction case?
 Adaptivity (inside window / across windows)

winter =0 summer winter = AT
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Community Tum

Stay in touch?

* precice.org/community
* precice.discourse.group

Conferences

T LEIBNIT * WCCM + preCICE course
! ; July 2024@Vancouver
Deadline: this Friday
preCICE MS'
 preCICE Workshop
Sept 2024@Stuttgart
« COUPLED
2025@Sicily

preCICE Workshop 2023@Munich

TMulti-Physics and Multi-Scale Simulations with the Coupling Library preCICE (0415)
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Subcycling TUTI

 Time window size At > time step size 0ty and ot.
« Do ntime steps in window: At = n{6t; = nodto

* Allows to create BSpline of degree n— 1. (Goal reached: Something better than linear interpolation)

Restriction: Only use data of current window!

« Larger window + subcycling has impact on number of QN iterations'

Without subcycling With subcycling (third order BSpline)
only C°
0s At=1s 4At=4s 8At=8s 0s o0t=1s At =4s 2At=8s

'Rith, B, Uekermann, B, Mehl, M, Birken, P, Monge, A, Bungartz, H-J. Quasi-Newton waveform iteration for partitioned surface-coupled
multiphysics applications. Int J Numer Methods Eng. 2021; 122: 5236— 5257. https://doi.org/10.1002/nme.6443
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QN iterations

Without subcycling

0s At=1s

4At=4s 8At=8s

With subcycling (third order BSpline)
only C°
0s 6t=1s At=4s 2At=8s

rQN-WI | At | 05 0.
WI(1,1;1) 7.85
WI(5,5;1) 10.95| 7.48

rQN-WI means we only use the data at the end of the
window for Quasi-Newton. Different example case, but
similar implementation. More possibilities shown in'.

'Rith, B, Uekermann, B, Mehl, M, Birken, P, Monge, A, Bungartz, H-J. Quasi-Newton waveform iteration for partitioned surface-coupled
multiphysics applications. Int J Numer Methods Eng. 2021; 122: 5236— 5257. https://doi.org/10.1002/nme.6443
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Oscillator example: Setup

Benjamin Rodenberg (TUM) | preCICE waveform iteration

21



Setup

Oscillator example
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Not Dirichlet-Neumann coupling, but overlapping Schwarz for this setup. Still: Same idea.
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Oscillator example: Energy conservation TUT

CPS implicit CPS Strang Waveform

generalized-a

impl. midpoint

2=\
-

0

A Simple Test Case for Convergence Order in Time and Energy Conservation of Black-Box Coupling Schemes. 2022.
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Oscillator example: Higher-order TS

TUTI
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Oscillator example: Different schemes, different ot TUTI
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Oscillator example: Different schemes, different ot
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increasing n improves ey and e, for fixed 8t
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RK4 in code

# determine time step size Ot for this time step
dt = participant.get_max_time_step_size()

# compute stages ki and evaluate waveform at times c;dt

kl = A.dot(x) + participant.read_data("Displ", 0.0 * dt)

k2 = A.dot(x + kl * 0.5 * dt) + participant.read_data("Displ",
k3 = A.dot(x + k2 * 0.5 * dt) + participant.read_data("Displ",
k4 = A.dot(x + k3 * 1.0 * dt) + participant.read_data("Displ",

# assemble new solution
Xx_new = x +dt / 6 x (k1 + 2 x k2 + 2 x k3 + k4)

# do writing

displ = extract_force(x_new)
participant.write_data("Force", cpl_write)
# end time step of size ot

precice_dt = participant.advance(dt)
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API for subcycling

Read interpolated data from current time t,:

displacement = precice.read_data(dt)

No more substeps:

precice.advance(precice_dt)

Complete time window size At

precice_dt = precice.get_max_time_step_size()
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tn+1 - tn + At
f

dt = precice_dt
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API for subcycling TUT

Read interpolated data from current time t,:

displacement = precice.read_data(dt)

More substeps:

‘./—\ precice.advance(solver_dt)

tn T:tn+6t tn+1:tn+At
f f f
dt = 0 dt = solver_dt dt = precice_dt

Solver time step size 6t

solver_dt < precice_dt
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API for subcycling

Read interpolated data from current time t,:

displacement = precice.read_data(dt)

[ ® ® ®
tn th+ 58t T=t,+ 68t thy1 = b+ At
f f f

dt = precice_dt

dt = solver_dt

dt = 0.5 * solver_dt
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