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T=1;dt=o0.1
While t < T:
t =t + dt;
f = G.compute_source_vector(rhs)
C = G.compute_convection_matrix(velocity_element, v_prev)

A1 = M + dt*A + dt*C

rect = MLPrec(A1)
5 iter = precondB|CGStab(prec1, Atl, v, 1, 1.0e-9)
(1.0/dt)*B.t*V uLprec(D), 0. ph g 1.069)
iter = precon

dt*s.t*phi
t*Ap)phi
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void Pressurelntg:: integrands

(EImMatVec& elmat, const FiniteElemd

{
const int nsd = fe.getNoSpaceDim();
real div_v=0;
for (intk = 1; k <= nsd; k++) {

data->u()(k).derivativeFEM (data->gr4

div_v += data->gradu_pt(k)(k);
/I (gradu_pt is a VecSimple(Ptv(real))
}
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plot(c,v):
ALPHA = 10
[t,y] = odedS(Bgrowth, (0 S),100):

Command Window

To get started, select MATLAE Help or Demos from the Help menu.
options = odesetv ('R +s(1le-4 le-4 1e-5]):

[T,¥) = oded4S(Brigid, (0 12),(0 1 1),options):

plov (T, ¥(:,1), -, T,¥{(:,2), . ", T,¥{:,3),".")

& Editor - C:\Documents and Settings\jol\Desktop\div\hpl\divimatlab\rigid.m
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gl kuncnon dy = rigid(t,y)
tif

5 Ar le o st £ equat
motion of a rigid k thout external

dy = zeros(3,1):

dy(1} = yi2) * ¢(3):

dy(2) = =y(1) * v(3):

dy(3) = -0.51 * p(1) * y(2):
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template <class _Tp, class _Allocator, bool _IsStatic

public:
typedef typename
allocator_type;
allocator_type get_allocator() const { return _Node_al

_Alloc_traits<_Tp, _Allocator>: :allc

_List_alloc_base(const allocator_type& __a) : Node

#fndef _ NO_ARROW _OPERATOR
pointer operator->() const { return &(operator*()) } #e

(=1 dt =01
SWwhile s Tk
= {+dt "
f'= G.compute “source \Vectouths))
C = G.compute convection®matax(Velo)

Al= [V +dt*A + dt*C
prec1 = MLPrec(A1)
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import NSfast, ConvDiffReact_john

t=0

whilet<=T.
report.write('solve at T=%g' % t)
t+=dt

v, p = NSfast.advance(t, t_prev, v, p, v_prev, pi
v2 = ConvDiffReact_john.memlayout(v, from_f§
¢ = ConvDiffReact_john.advance(t, t_prev, v2
param['ConvDiffReact_joh '_1[?
diskdata write(v, p, ¢, label=1=%g' % t)
updateGUI(
V_prev, v2_prev, p_prev, c_prev, =v,v2,p, ¢
report.end()
diskdata close()

~ivaier
20 CONTINUE
NHKLG =1
WK1(3) = NHKLG + YU(P.4)
WK1(4) = QW3P+YU(P+1,4)
WK1(5) = HZO + YU(P+IFBVZ,1
30 CONTINUE
CALL SLVIS(A1,K.NZ PNP,UNU W
> GFTERA MQ,HJOPAS M
> NHKLG IERR1,IERR2 IER]
LHJFGD KKH1 KKH4 KK
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s'\-e& « Computational middleware
» Robust flow solvers

* Biomedical flow applications
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SOFTWARE COMPONENTS FOR BIOMEDICAL FLOWS
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import NSfast, ConvDiffReact_john

t=0

whilet <=T.
report.write('solve at T=%g' % t)

t+=dt

v, p = NSfast.advance(t, t_prev, v, p, v_prev, pd
v2 = ConvDiffReact_john.memlayout(v, from_f§
¢ = ConvDiffReact_john.advance(t, t_prev, v2 '_ﬂ

diskdata.w
updateGUI(
V_prev, v2_prev, p_prev, c_prev, =v,v2,p, ¢

param['ConvDiffReact_joh|
2(v, p, €, label="t=%g' %

=)

report.end()
diskdata close()
TS
20 CONTINUE
NHKLG =1
template <cl WK1(3) = NHKLG + YU(P.4)
public: WK1(4) = QW3P+YU(P+14)
typedef typ WK1(5) = HZ0 + YU(P+IFBVZ,1

allocag 30 CONTINUE
allocator_ty CALL SLVIS(A1,K.NZ PNP,UNUV

GFTERA MQ,HJOPAS M

_List_alloc | > NHKLG IERR1 |ERR2 IER]

#ifndef _|

NG
pointer coermﬂmﬂm

LHJFGD KKH1,KKH4 KK

M = G.compute_mass_matrix(velocity_element)
A= G.compute_stiffness_matrix(velocity _elemen
B = G.compute_div_matrix(velocity_element, prg
D = G.compute_stifiness_matrix(pressure_elem§

T=1,dt=01

whilet<T:
t=t+dt
f = G.compute_source_vectorirhs)
C = G.compute_convection_matrix{velocity_elel

Al=M+drrA+dt"C
prect = MLPrec(A1)

v, iter = precondBICGStab(prec1, A1, v, f , 1.0e;
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Computational middleware

* Problem solving environments
for PDEs

 Old and modern libraries
« Stand-alone black-box codes

 New code (PyCC, FEnNICS,
automatically generated)

« Parallel computing

 Main focus: fluid flows, but the
tools aim at "any” PDE system
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Robust flow solvers

* |Implicit methods

* Block preconditioning
 Fluid-structure interaction

* Error estimation

* Adaptivity

* Turbulence modeling & DNS

» Validation by lab. experiments







Biomedical flows

Drug inhalation

Aerosol flow (bacteria)

Circle of Willis

Fluid-structure interactions

1D arterial network

Multiscale 1D-3D blood flow

Tissue deformation

Flow around the mitral valve in the heart
Sound waves in the lungs

Flow, deformation and electrophysiology
In the heart

Fundamental fluid mechanics research
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Blood flow is incompressible, with Newtonian
behaviour in large vessels

Using prescribed time varying flow rates on inlets,
equal pressures on all outlets, and rigid vessel walls

[ .research laboratory |



Navier-Stokes equations are solved with the
Finite Element Method, using Featflow

sfaEsseses

Grids are created from a parameterization,
using custom written software

[ .research laboratory |



Simulation results on the full CoW geometry are
within normal values found in medical studies

Only limited boundary
data are available N

T h e g e o m et ry I S a ’ :"‘;\;{sﬁ:llb:;:;el;;:s:r;’f;s;f '~ - —
simplification

Even so, the results K. N
seem realistic vy B
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Other biomedical applications;
cardiac electrophysiology

1. Complete simulator for heart electrophysiology and
mechanics

2. Automatic detection of ischemic heart disease based on ECG
recordings

Celle Komplett hjerte EKG
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cw>r=

~div_matrix(velocit ,
‘Compule‘stlffness;matnx( PTessure_element;

pressure_elemenu

, dt = 0.1

= -

G.compute_source_vector(rhs)
G.compute_convection_matrix(velocity_element, v_prev)

A1 =M + df*A + dt*C
prec1t MLPrec(A1)

v, iter _: precondBlCGStab(prec1, Atl, v, 1, 1.0e-9)

* » ; 1.0e-9)
(1‘Oldt)pri‘goﬁdConIGrad(MLPrect ), D, phi. g

hi, iter =
v - dt*B.tophiet.
(Mp + dt*Ap)phi




