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Grid Adaptivity for Fluid-Structure Interactions
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Grid Adaptivity for Fluid-Structure Interactions
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Different Coupling Requirements on Different Levels
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Our Grid and Data Concept — Storage Minimisation

e spacetree grids - structured
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Our Grid and Data Concept — Storage Minimisation
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Our Grid and Data Concept — Streams and Stacks
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Our Grid and Data Concept — Streams and Stacks

« depth-first spacetree traversal

» all grid levels available
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Our Grid and Data Concept — Streams and Stacks

 children ordering
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Our Grid and Data Concept — Streams and Stacks
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Our Grid and Data Concept — Streams and Stacks

 total order of all grid cells

» good time locality
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Our Grid and Data Concept — Streams and Stacks
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Our Grid and Data Concept — Vertex Data
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Streams and Stacks — Vertex Data
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Our Grid and Data Concept — Vertex Data

» projection property for cell faces
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Our Grid and Data Concept — Vertex Data

« ...not for arbitrary hyperplanes!
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Our Grid and Data Concept — Vertex Data

« palindrome property for cell faces
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Our Grid and Data Concept — Vertex Data

« palindrome property for cell faces
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Our Grid and Data Concept — Vertex Data

 alternating face colouring =» 2d stacks (Weinzierl, 2007)
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Our Grid and Data Concept — Vertex Data

face-connectivity
» next visiting cell connected via a (hyper-)face
« leave cell: write vertex data to the stack of the next visiting face

« enter cell: read vertex data from the stack of the last visiting face

« proof: SIAM SISC, special issue of the 11t Copper Mountain Conference

on lterative Methods, submitted
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Our Grid and Data Concept — Vertex Data
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Our Grid and Data Concept — Vertex Data

* hanging nodes
» no degrees of freedom
» created on-the-fly (interpolation)

» not written to output stream
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Our Grid and Data Concept — Numerical Results
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Our Grid and Data Concept — Dynamical Adaptivity
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Our Grid and Data Concept — Dynamical Adaptivity
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Our Grid and Data Concept — Dynamical Adaptivity
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Application Examples

computational fluid dynamics with force computation
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Application Examples

Lattice Boltzmann on adaptive grids

without fluctuations

valucifzs Mergriiuclz

-U.UU/UU

0.000730
0.000300

0.000250

with fluctuations

valociiizs Magriiudz

-U,UUIUU

0.000750
0.000500

0.000250

0.00

Source: Philipp Neumann

ECCOMAS CFD, Lisbon, June 2010

Miriam Mehl



Technische Universitat Muinchen TI.ITI

Application Examples

Fluid-Structure Interaction
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Application Examples

Fluid Flow in Complex Geometries

Source: Tobias Weinzierl,
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Application Examples

Contour Values:
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Conclusion

* spactree grids h [+ memory efficiency

* element-wise traversal  arbitrary adaptivity pattern
« Peano curve [ « dynamical adaptivity

« stacks and streams « select active grid levels
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