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1. Principle
Fluid Structure Interaction (FSI)

e Motivation: current state of the art

Interface I'rs Computational Fluid Dynamics (CFD)
. simulations of cycloidal rotors neglect the
C Solid (s deformation of the blades

Fluid QF

e |[nteraction between deformable structure and
aerodynamic flow

e Coupling of fluid- and structure solvers

e Exchange of boundary conditions (forces and
displacement) at the interface  ['rg

displacement perpendicular to chord span plane (mm) displacement in chord direction (mm)
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2. Simulation Setup
2.1 OpenFOAM 2D Mesh

OpenVFOAM@

e approx. 70.000 cells
e cell edge length at the finest mesh: 0.1 mm
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2. Simulation Setup
2.1 OpenFOAM 2D Mesh
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2. Simulation Setup
2.2 MBDyn
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Simulation Setup
2.2 MBDyn
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3.1 Coupling Infrastructure

preCICE

‘ coupling library ‘
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3.1 Coupling Infrastructure

OpenVFOAM ®

fluid solver

displacement &
force data

ZpreCICE

OpenFOAM-Adapter

[» (%

preCICE

coupling library ‘
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3.1 Coupling Infrastructure

OpenVFOAM® \‘\(M BDyn

fluid solver solid solver
displacement & displacement &
force data force data
< preCICE

OpenFOAM-Adapter

E <§preCICEDg @ python’
‘ coupling library ‘ MBDyn-Adapter
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3.1 Coupling Infrastructure

OperIVFOAM ® additional custom socket V\\(/M B Dy N

fluid solver connection solid solver

displacement &I t angle & translation vector I displacement &

force data force data

ZpreCICE A ' ’
‘ coupling library ‘ MBDyn-Adapter

OpenFOAM-Adapter
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3.2 Parallel Explicit Coupling Scheme

OpenFOAM preCICE MBDyn
k+2 tn+2
Tt FOAM 0 e e e e e e e _ . k+2
OpenFOAM MBDyn
tn+1
preCICE sends motion preCICE sends forces
Tk+1 __________ -_— — — — — — — — — 2 Tk+1
OpenFOAM : MBDuyn
OpenFOAM sends forces> 4r\/IBDyn sends motion :
preCICE sends motion | preCICE sends forces X
N ST U TMBD
TOpenFOAM xOpenFOAM sends forces <MBDyn sends motion -x yn

70
OpenFOAM

_________ @ T/\/IBDyn

timewindow: defines the
maximum timestep size
parallel: simultaneously
execution of both solvers
explicit: every
timewindow is executed
only once (no repetition)

t"  n-th timewindow [S]
k-th timestep [S]

w
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3.3 MBDyn-Adapter

API

ZpreCICE

K MBDyn

A

-

< forclze |data

force data

displ-acement'

%

displacement data

[ MBDyn-Adapter }

coupling
ongoing

receive forces

v

solve MBDyn

Y

send
deformation

end
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3.3 MBDyn-Adapter

API

ZpreCICE

[ MBDyn-Adapter }

coupling
ongoing

yes

force data receive forces

[“soive BBy |

displacement

force data

Y

{MBDyn

A

| send
deformation

displacement data

end
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3.3 MBDyn-Adapter

API

ZpreCICE

MBDyn

A

| force data

| |
<,Ij displacement

< force data

displacement data

[ MBDyn-Adapter }

coupling
ongoing

yes

receive forces

[“soive BBy |

Y

send
deformation

end

18



3.3 MBDyn-Adapter

API

ZpreCICE

KMBDyn

A

| force data

2

< force data
I

] _
displacement )

displacement data

[ MBDyn-Adapter }

coupling
ongoing

yes

receive forces
!
solve MBDyn

end
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3.3 MBDyn-Adapter [ MBDyn-Adapter }

coupling
ongoing

API yes

|
@ pr e C I C Eorg | force data i |> receiv% forces

end

] _
displacement) solye MBDRyn I
angle & tra atio I |
OpenVFOAM® i
I |
- Il send steering |1
g < forclze |data | angle || command I
v
MBDyn| = R e et
displacement data | def i
AP < I eformation
I
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3.3 MBDyn-Adapter

API

ZpreCICE

OpenVFOAM@

MBDyn

A

force data

.

2

force |data

B NVAN

angle & tralnslation

1
displacement data

|

[ MBDyn-Adapter }

coupling
ongoing

yes

receive forces

f " !
| displlacement| ) solye MBDyn

send rotation &

translation

deformation

=

end
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3.4 Beam Mapping

beam

structured mesh
fluid solver

beam nodes

interpolated mesh

solid solver
mesh interpolation

Radial Basis Function (RBF) mapping requires
fluid and solid meshes of same dimension (2D

and 2D)

creation of interpolated mesh between MBDyn

and the MBDyn-Adapter

=> mapping between the beam nodes and

the interpolated mesh

mapping between interpolated mesh and

NigleiV¢=ToMnlzNg of the fluid solver
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3.5 Mesh

23

mesh of the fluid-solver and of the
only one blade layer is mapped

because of 2D case
-> neglecting z-coordinate

solid-solver in preCICE
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3D rotorblade

3.5 Mesh

2D rotorblade
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4. Speedup

Scaling efficiency after Amdahl's law
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5. Results

Time: 0.001 s \\
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https://docs.google.com/file/d/1nbYP0APvQZgvM331S5C4p4gvl9u1riXP/preview
https://docs.google.com/file/d/1JRLRDYyDfx5jxCme8d46U7bdCoVUm4yq/preview

