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Why another implementation?

= Grid manager suited for surface grids (low-dimensional
grids embedded in higher dimensional grids)

1 ——
= Non-manifold grids v
o AN

= Flexible structure

« disconnected patches
* Run-time alterations of the grid
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New features

= Branching structures
 More than two element share a facet

a

= Element parametrizations

www.hydrosys.uni-stuttgart.de

= Run-time growth
« Adding and removing elements at run-time
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Branching points W
* |ntersections at branching points?

* Multiple intersections with the same geometryInInside() ...
« ... but different outside()-elements

= Flux approximation on facets may require two intersection
loops
« e.g.f=1(t, t,, t)
- No simple access during iteration if two intersections share
the same geometryInInside()

www.hydrosys.uni-stuttgart.de
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Branching points W '\Q

C++ code

1 | std::size_t neighbor() const

= Intersections with identical geometryInInside() will
appear consecutively
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Branching points
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Code from Berninger et al [2011]
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Element parametrizations

= Analogously to boundary parametrizations the parametrized
shape is approximated better and better with refinement
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Element parametrizations interface
@T - Tref — ]Rw_

C++ code

—_

VirtualFunction<FieldVector<double,dim>,
FieldVector<double,dimworld> >;
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C++ code
1 [virtual void evaluate(const FieldVector<double,dim>& X,
2 FieldVector<double,dimworld>& y) const = 0;
C++ code
1 |void insertElement (const GeometryType& type,
2 const std::vector<unsigned int>& vertices,
3 const std::shared_ptr<VirtualFunction<
4 FieldVector<ctype,dim>,
5 FieldVector<ctype,dimworld> > >&
6 elementParametrization);
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Growth

Natural structures adapt their geometry
Root growth with plants

Growth of bacterial colonies

Angiogenesis (Blood capillary growth)
Fracture propagation

Growth includes branching and merging

University of Stuttgart
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Growth

Challenges:

= Growth and adaptivity want to be combined (e.g. refinement
around possible growth point)
—> Keep hierarchic structure intact

www.hydrosys.uni-stuttgart.de

= Like for adaptivity: Possibility of user data transfer
« Element removal creates new boundaries
* New elements need e.g. data extrapolation
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Growth interface
= Inspired by grid factory and adaptivity

C++ code

1 | std::size_t insertVertex(const FieldVector<double,dimworld>& x):
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C++ code
1 | void insertElement (const GeometryType& type,
2 const std::vector<std::size_t>& vertices):
C++ code
1 |void insertElement (const GeometryType& type,
2 const std::vector<std::size_t>& vertices,
3 const std::shared_ptr<VirtualFunction<
4 FieldVector<ctype,dim>,
5 FieldVector<ctype,dimworld> > >&
6 elementParametrization);

C++ code

1 |void removeElement (const Codim<O0>::Entity& element);
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Growth interface
= Inspired by grid factory and adaptivity

C++ code

bool elementsInserted = grid->grow(); // true 1f at least one element was inserted

C++ code

bool isNew = element.isNew(); // true 1f the element was created by growth
grid->postGrow(); // delete markers
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Growth

= A simple random-based root network generator

courtesy of Natalie Schroder
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Where to get?

= git clone https://users.dune-
project.org/repositories/projects/dune-foamgrid.git

= http://www.dune-project.org/modules/dune-foamgrid/

www.hydrosys.uni-stuttgart.de
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Drawbacks / TODOs

= Only 1d and 2d in nd and simplices
= Only Non-conforming refinement
= Only sequential

www.hydrosys.uni-stuttgart.de
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- An application

Coupling flow and transport processes In
capillaries and the embedding tissue

Tumor vasculature

Cells,
fibres,..

www.hydrosys.uni-stuttgart.de

Interstitial
fluid

© 2012 Pearson Education, Inc.
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A 1D-3D coupled flow problem

0 TR opy -
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Starling’s law
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See also: Cattaneo, L., & Zunino, P. (2014). Computational models for fluid exchange 17
between microcirculation and tissue interstitium. Netw. Heterog. Media, 9(1), 135-159.
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A 1D-3D coupled flow problem

dune-foamgrid

= For the one-dimensional network grid
embedded in three-dimensional space

dune-grid-glue (C. Engwer, O. Sander,...) /

= To calculate intersections between network
and three-dimensional bulk grid

www.hydrosys.uni-stuttgart.de
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Simulation results
Tumor tissue: Lp = 1010 m/Pas

i
_5.0446+02

-300

=600

~.7.785e+02

vessel geometry from Secomb, TW. et al. (2000)

Prel
—9.064e+02
—700

—_700

-9.884e+02
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