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Activity at MOX

Three main projects:
HaeModel

Drug-eluting stents
Joined work between MOX, LaBS, Dep. of Chem. (Bologna)
(LF MP PZ SM)

Topic: Development of appropriate pharmacokinetic models, numeri-

cal simulation (carried out using LifeV) and experimental validation
of drug release from stents.

Aneurisk

Joined work between MOX, LaBs, ...

(AV TP)

Topic: Development of a software to estimate the rupture risk of cere-
bral aneurysms based on medical imaging and numerical simulations.
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Topic: Development of a software to estimate the rupture risk of cere-
bral aneurysms based on medical imaging and numerical simulations.

= work is strongly application oriented




The MOX team

e Luca Formaggia

e Alessandro Veneziani

e Martin Prosi - stents(MT), and other staff

e Christian Vergara - Multi-scale(Flux boundary problem)

e Alexandra Moura - Multi-scale(compliant)

e Tiziano Passerini - Multi-scale

e Sara Minisini - stents(MT)
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o hfcv—playground (applications using the library or development of new (modified)
parts of the library)




Everyones playground

hellolife

multiscale 3D1D-rigid
gilles

moura coupling_3D1D_AlgebraicLaw
coupling_3D1D_IndependentRings
coupling_3D1D_LinearElastic

passerini test_onemodel
prudhomm

prosi bifurcation
gambit
grid_adaption
non-newt
stents - multi_dom_coupling
- one_dom_flux_approx

winkelma
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multiscale 3D1D-rigid

moura coupling_3D1D_AlgebraicLaw
coupling_3D1D_IndependentRings
coupling_3D1D_LinearElastic

passerini test_onemodel
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NavierStokesWithFlux

e Modify the algorithm for the imposition of 1 flux in
NavierStokesWithFlux.hpp: move the Navier-Stokes in
initialize_one_flux to iterate_one_flux (i.e. in tempo-
ral loop) since its convective term needs to be updated (ready, just

commit).
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NavierStokesWithFlux

e Modify the algorithm for the imposition of 1 flux in
NavierStokesWithFlux.hpp: move the Navier-Stokes in
initialize_one_flux to iterate_one_flux (i.e. in tempo-
ral loop) since its convective term needs to be updated (ready, just
commit).

Delete the inexact strategy in NavierStokesWithFlux.hpp,
l.e. delete initialize_two_fluxes_inexact and
iterate_two_fluxes_inexact.

Commit in life-playground the new inexact factorization algo-
rithm developed in the last months and not yet included in LifeV.
Not yet ready to be committed into library, since it is written in a
not elegant way.




C ].aSS C Sd ]_ d lifev-playground + restyling

AT INTERFACE

A

[ continuity of flow rate

[l continuity of total pressure

[0 different STRATEGIES

mean pressure

flow rate

e iterative algorithm (fized point method) O coupling conditions V¢.

Example: MEAN PRESSURE

. Set boundary conditions for 1D solvers (continuity of flow, relaxation parameter)
. Solve 1D problem

. Set boundary conditions for 3D solvers (continuity of total pressure)

. Solve 3D problem

. Test to stop iterations (continuity of flow rate)




C ].a.SS C Sd ]_ d lifev-playground /multiscale/3D1D-rigid

Oip
(3p

[J test_coupling NSid

e “physiological” flow rate data at inlet
(3D) section

e default coupling strategy =
MEANPRESSURE

e absorbing boundary conditions on out-
let (1D) section

1
QID

Q.‘BD

test_coupling_NS1ld_twotubes

“physiological” flow rate data at inlet
(1D) section

default coupling strategy =
MEANPRESSURE

on both coupling interfaces

absorbing boundary conditions on out-
let (1D) section




OneDNet [ lifev-playground, [] lifev-testsuite?

1D MODEL NETWORK

1 e arbitrarily complex geometry

¢ e multiple interfaces (bi-, tri- furcations)

oI'l
tQI/T\I 3 [0 ortented graph
t3

e vertices = interfaces
e edges = tubes

O build the network geometry (from data file)

O wisit the graph in order to perform initialization (from main)

[0 methods

computeInterfaceTubesValues()
timeAdvance (time)
iterate(time, count)

postprocess (time)




O ne D N et lifev-playground/passerini/test_onedmodel

Time = 0.950000 s

<M

PEEAN

U test_onednet
e CLOSED network: Circle of Willis [Aneurisk project] (data file = datawillis)
e flow rate data at inlet sections

e resistive network (micro-circulation) at outlet sections [M. de Lucal




Work in progress - Proposals

e Merge my modifications in Vincent’s OnedModelSolver and OneDNonLinParam classes.
e Move the 1D solver to LIFE (away from testsuite).

e Extend the 3D-1D classes to the case 3D - 1IDNET coupling.




3D (FSI) -1D / 0D coupling

FSI

__p @algebraic law
& independentrings |

Simplified structure

P)/discont. A P, A(P)

(flow rate BC for FSI)

0D

simple net
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3D (FSI) - 0D coupling
e coupling implemented with two strategies: flow rate (with C. Ver-

gara) and mean pressure;

e simple 0D model (for one specific network, see A. Moura and C. Vergara

Flow rate boundary conditions and multi-scale modeling of the cardiovascular system in

compliant domains ) ;

o first attempt of interface classes for the coupling between 3D and
reduced models (multi-scale);

e test coupling 3d0d on testsuite repository but not func-
tional (awaiting for FSI interface classes);

e eventually move to a lifev-application?




3D (FSI) -1D coupling

e still only one strategy implemented: mean pressure;

e coupling using linear elasticity structure model (use of FSI interface

classes, by modifying files on the library);

e coupling with simplified structure models (algebraic law and inde-
pendent rings), by using old FSI interface;

e coupling on lifev-playground;

e once FSI interface classes are stabilized and a 3D-1D interface class
created move to testsuite/lifev-application?




F'SI Before

| FSI Now

FSIOperator
FSISolver (FSI manage)
fluid & solid declaration
nonLinRichardson call
postProcess

FixedPoint T SteklovPoincare

Exactlacobian
(BC tangent problem still here,
should move out in (hear) future)

ud_functions.hpp

main.cpp:
fluid & solid declaration
BC declaration (including tangent problem)
temporal loop (newton call)

operFS(fluid, solid, BCs)

ud_functions.hpp

boundaryConditions.hpp (no tangent problem yet)

main.cpp:
class Problem (FSISolver declaration, temporal loop)
struct FSIChecker (Problem call with FSI coup strategy)
int main() (FSIChecker call)

BCs completely user defined

Possibility to change fluid & solid solvers

Potentially powerful interface but ...
BCs not only user defined (problem dependent)
to be solved in a near future
How to change fluid & solid solvers?

Used while new FSI not completely tested
and for the cases not covered by new FSI
(e.g. for using simplified structures)

FSI interface should move to the
structure agreed on January’s lifev meeting
at Mox?







