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Grid Adaptivity for Fluid-Structure Interactions

Source: Kristof Unterweger
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Janos Benk
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Grid Adaptivity for Fluid-Structure Interactions

dynamical grid adaptivity

Source: Kaveh Rahnema
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Grid Adaptivity for Fluid-Structure Interactions

benefits of multigrid:

Bijl, van Zuijlen, Boscher, 

ECCOMAS CFD 2006:

eff. gain: factor 10

1D linear piston problem

two-grid solver
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Different Coupling Requirements on Different Levels

different

coupling

requirements

on different levels

Vierendeels 2010:

- high frequencies

- low frequencies

 Newton-like
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Artist: 

Job Koelewijn 

Our Grid and Data Concept – What We Want to Avoid
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Our Grid and Data Concept – Storage Minimisation
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• spacetree grids  structured

p

refined?

u,v,w

Our Grid and Data Concept – Storage Minimisation
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p, res

refined?

u,v,w, res,

grad(p), ref.crit.

Our Grid and Data Concept – Storage Minimisation

• spacetree grids  structured
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bytes/Zelle bytes/Knoten

2D
6 2

1317

Peano nur Gitter

Sundance nur Gitter

14 20

1490

Peano Strömungslöser

Sundance Poissonlöser

3D
10 2 Nur Gitter

18 28 Strömungslöser

Our Grid and Data Concept – Storage Minimisation
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Our Grid and Data Concept – Streams and Stacks
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• depth-first spacetree traversal

 all grid levels available

Our Grid and Data Concept – Streams and Stacks
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• children ordering

 standardised Peano iterates

Our Grid and Data Concept – Streams and Stacks
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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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Peano order of cells

Our Grid and Data Concept – Streams and Stacks
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Peano data

managementcell_in cell_out

Our Grid and Data Concept – Cell Data
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Peano data

managementcell_out cell_in

Our Grid and Data Concept – Cell Data
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Our Grid and Data Concept – Vertex Data
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Streams and Stacks – Vertex Data 

Peano data

managementcell_in cell_out

vertex_in vertex_out

temporary vertex

containers
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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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• palindrome property for cell faces

Our Grid and Data Concept – Vertex Data
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• alternating face colouring  2d stacks (Weinzierl, 2007)

Our Grid and Data Concept – Vertex Data



Technische Universität München

ECCOMAS CFD, Lisbon, June 2010 Miriam Mehl

• 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 11th Copper Mountain Conference 

on Iterative Methods, submitted

Our Grid and Data Concept – Vertex Data
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Peano data

managementcell_in cell_out

vertex_in vertex_out

temporary vertex

containers

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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2D Poisson equation, 1,000,000 degrees of freedom, Pentium 4, 

1MB L2 Cache, Cachegrind simulation

==19243== D   refs:       7,249,842,728  (4,026,485,237 rd + 3,223,357,491 wr)

==19243== D1  misses:         1,249,032  (      621,413 rd +       627,619 wr)

==19243== L2d misses:           632,162  (      301,283 rd +       330,879 wr)

==19243== D1  miss rate:            0.0% (          0.0%   +           0.0%  )

==19243== L2d miss rate:            0.0% (          0.0%   +           0.0%  )

==19243== 

==19243== L2 refs:           19,559,185  (   18,931,566 rd +       627,619 wr)

==19243== L2 misses:            646,343  (      315,464 rd +       330,879 wr)

==19243== L2 miss rate:             0.0% (          0.0%   +           0.0%  )

Our Grid and Data Concept – Numerical Results
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Peano data

managementcell_in cell_out

vertex_in vertex_out

temporary vertex

containers

cell_out

vertex_out

Our Grid and Data Concept – Dynamical Adaptivity
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containers

vertex_in

cell_in

Our Grid and Data Concept – Dynamical Adaptivity
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Application Examples

Source: Bernhard Gatzhammer

computational fluid dynamics with force computation 
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without fluctuations with fluctuations

Source: Philipp Neumann

Lattice Boltzmann on adaptive grids

Application Examples
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Fluid-Structure Interaction

Source: Tobias Neckel

Application Examples
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Fluid Flow in Complex Geometries

Source: Tobias Weinzierl,

Ionel Muntean

Application Examples
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Computational 

Steering

Source: Atanas Atanasov

Application Examples
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Conclusion

• spactree grids  

• element-wise traversal 

• Peano curve

• stacks and streams

• memory efficiency

• arbitrary adaptivity pattern

• dynamical adaptivity

• select active grid levels




