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Local developments

3 Meshes and assembling
3.1 Description of meshes

nodes + geometric transformations.
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Parallelization

/énouveau systéme de calcul CALMIP 2009-20@\

CALMIP - Attix ICE 8200 EX & UV~ 2960cores — 14 To RAM — 238 To Disks = 33.11 TFlops
' Altix IV

<

ares BGolcore
Noida Guadro 4300

calmip_cict. fr/
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The difficulties for numerical part

@ complexity of the implementation
for coupling model in 2D and 3D

@ evolving boundary (interface)

o efficiency (robustness)

@ accuracy

@ CPU time
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The difficulties for numerical part . pasearch in Fluid-Structure

@ complexity of the implementation
for coupling model in 2D and 3D

@ evolving boundary (interface)

o efficiency (robustness)

@ accuracy

@ CPU time
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theoretical

experimental m

The difficulties for numerical part

@ complexity of the implementation IETHRLS S e o1

for coupling model in 2D and 3D

Xfem method using Getfem++

@ evolving boundary (interface) — Level-set
o efficiency (robustness) — Local assembling
@ accuracy — Optimal error

@ CPU time — Parallel implementation (CALMIP)
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The model problem

o QeR"®

o T=0Q=TpUly (Mo of nonzero measure, Iy can be 0)

rectangular or parallelepiped domain (the fictitious domain), Q C Q

Fondamental problem

Find u: Q — R such that
—Au =f inQ
u =0 onlp
du =g only

=

where f € L3(Q), g € L?(T'y) are given O




Introduction aplacian problem Stokes problem Fluid-Structure Numerical results

Weak formulation

where
V=HYQ),Vo={veV:v=0o0onTp}

a(u,v) = /Du OvdQ and I(v /fde—i—/ gvdl

e Equivalent mixed formulation
Find u € V and A € W such that

a(u,v)—i—/ Avdl =1(v), Vv €V
Mo

/ pudll =0, YHe W
)

where X ={w € L?(Tp) : v € V such that w = v and W = X’
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The mesh
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Fictitious domain approach inspired by Xfem

we consider two finite element spaces V" ¢ H(Q2) and W" c 1L2({)

@ Then we define

vh.=vl and wh:=W"
la Ir

D

New approximation problem

Find u" € V" and A" € W" such that
a(uh,vh)—i—/ AWV = 1(v™), Wi e v
Ip

/ Auldrr =0, vu" e w"
[I)
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Convergence analysis [Haslinger & Renard (SIAM 2009)]

@ Under technical conditions * the solution exists and is unique

h_ [yh ) yh k>
e ForV {V €c(Q):vy eP(T)VT e }(k—l) Accuracy

limitation
invh

for any k

1
inf [A—plw <hP, B>2
phlenwhH Wiw <h® B>

o Ifl =lpandueHTTE(Q)NHL(Q), £> 0
Ju—u"lv <Ch?, h—0
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A stabilized problem [Barbosa & Hugues (CMAME 1991)]

@ Initial problem (Find a saddle point of the Lagrangian on V x W)
1
L) = fa(v,v)+/ wdlp —1(v)
2 Mo

@ Stabilized problem

Y

Lu(vP, ) :L(vh~“h)_§/r (“h+6nvh)2dr, vhevh phewh

wherey:=hyp

TODO
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A stabilized formulation

a(uh,vh)—i-/ }\hvhdr—y/ (A" +0puM) Bnv"dl = 1(v"), vP e VI
o Mo

/rphuhdr—y/r (A" +0nu") il =0, V" e Wh

o We define 8y : (V" xW")?2 — R by

qsh(uh,)\h;vh,uh)::a(uh,vh)—|—/r )\hvhdr—i—/r yhundr
D D

V) (A" +0nu) (W +0nv") dl
then the equivalent discret problem °

Find u € V! and A" € W" such that
B (UM ) = 1(v"), v ) e v xwih
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Convergence analysis [Haslinger & Renard (SIAM 2009)]

(using the norm [[[ (2™, n™)|[|* == [12" "+ h™~[12"]5,r, +1IN"[IG,r,)
@ For Finite Element Method

Vh:{v“e c(Q):v)l Py (T) VT E‘Th},ku >1

W= {1 € (@) 1 € Py (T) YT €77} iy >0

Under an assumption 2 on the intersection of the mesh with €, for a solution
1
u e H(Q) and A € H* 2 (I'p) where k = min{ky,ky + 1}

No limitation
optimal order
under
mesh assumption

1w —u" A =AM < Ch¥[lullc+.0
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The intersection of the mesh with

@ Inthe figure T is a "bad" element because its intersection with Q is small.

“good” element

—“bad” element

smaller is the thickness of the intersection, poorer approximation of the normal
derivative on T Nd12 is obtained using v‘hT

@ We choice a neighbor element T’ and evaluate the normal derivative from a

no assumption required
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Stokes problem

—VAu+0Op = f inF P
diviu) = 0 in# [ )
u = 0 ondo \\ //;s
u = g onds o

@ Augmented Lagrangian

£(u,pA) = Lo(u,p,A) — \El/as A —o(u,p)n[2dr

where
Lo(u,p,)\)zv/ ID(u)Pd¥ —/ pdiv(u)d —/ f-udr—/ A-(u—g)dr
F F g F 05

o(u,p)n =2vD(u)n—pn and D(u) = = (Ou+Ou”
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Fictitious domain

Find (u,p,A) €V x L3(# ) x HY/2(ds) such that
A((u,pA);v) = L(v) Vv E Vo,

3((u,p,A);q) =0 Vg e L3(F),

c((u,p A =G (W, YreH2(s),

where

A((upA)iv) = 2\;/ D(u): D(v) dff/ pdiv( v)dff/ Avdr

—av y/ (u)n) - (D(v)n dF+2vy/ p(D(v)n- n)dF+2vy/ A-(D(v)n)dr,
7/ qdiv(u)d ¥ +2vy/ q(D(u) n~n)drfy/ pqdrfy/ gA-ndl,
F as s s

—/65 u~ud|'+2vy/asu~(D(u)n)dI’—y/aS p(u'n)dl'—y/‘”)\'p.dﬁ

3((u,p,A)iq)

C((usp,A)iH)
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Fluid-Structure interaction

X(y.t) h(t) +R(t)y, y €5(0), )— )f =
s(t) = h(t)+R()s(0),
where h(t) is the gravity center and R(t) the rotation (Cos(e(t)) —sin(e(t)))

sin(B(t))  cos(6(t))
@ Find u, p, h(t) and its angular velocity 6'(t) = w(t) (a scalar in 2D)
@ Coupling at the interface 05 using the Dirichlet condition
u(x,t) = h(@E)+6 ) (x—h(t)), xe€ads(t),

with

Mh’(t) = _/as(t)o(u’p)ndr accurate computation
of a(u,p)n is crutial




Introduction Laplacian problem Stokes problem Fluid-Stru  cture Numerical results

Numerical results

Finite Element Methods
P1+/P1/P1

P2/P1/P1

Q1/Q0/Q0

Q2/Q1/Q0

o Q=1[0,1] x[0,1] and ds the circle (x —0.5)? + (y —0.5)®> = R® with R = 0.21
@ The exact solutions for Stokes problem

cos(Tx ) sin(Ty )

— sin(Tx ) cos(Ty )
(y —0.5)cos(2mx) + (x —0.5) sin(2my )

Uex(X:Y) =

Pex (X, Y)
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Without stabilization
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L2 relative error (in %) on lambda

Laplacian problem

Stokes problem

Fluid-Stru

‘Without stabilization
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Laplacian problem

Stokes problem

Fluid-Stru cture

With stabilization
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Laplacian problem

Stokes problem

Fluid-Stru cture

With stabilization
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With stabilization
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| Numerical tests for Fluid-Structure
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@ Getfem++ is a generic C++ Finite Element library that allows us to consider an
independent implementation from de dimension of the problem 2D or 3D (at
least for classical model)

—> validations of the generic programation “must" be done
= tests "must” be done to study the memory required

@ The development of the Getfem++ library for CFD, on HPC is in perpetual
improvement (parallelization aspect is developed on Calmip)
—> parallel tests "must" be done to verify the full parallelization

@ Efficiency of the fictitious method : to approximate evolving boundary
(fluid-structure) the assembling “must” be actualized locally near the interface
— posi-doc (time programation) is reserved in the project
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State of our work

o fictitious domain with stabilization and choice of optimal triangle
Implementation of the time dependent Stokes problem

o fictitious domain without stabilization

o fictitious domain with stabilization

o fictitious domain with stabilization and choice of optimal triangle

Fluid-Structure (using Stokes model)

©

Navier-Stokes
Fluid-Structure (using Navier-Stokes model)

The coupling (structure model)

k>
U
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IN PROGRESS
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