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DNS of in
ompressible �owswith solid wall intera
tions (see [1-6℄)
• boundary layer
• 
hannel �ow
• turbulen
e, by-pass transition
• �ows with solid parti
les
• 
omplex boundaries
• smooth or rough walls

Objectives

•Galerkin spe
tral approximation:(Fourier/Chebyshev) ([1℄)
• based on an orthogonal de
ompositionof solenoidal spa
e ([7℄)
• new methods (1)-(2) to take into a

ount
omplex boundaries ([2,3,5℄)
• e�
ient parallel implementation (3) ([4℄)

Characteristics of NadiaSpectral

Figure 1: Simulation of streaks instabilities at the entran
e of a plane 
hannel: Λ2 
riterion (green) and negative iso-pressure (blue)
• at the inlet: optimal mode u′opt (3%) with α = 0, β ≈ 2/δ0 ; strong transient growth ; generation of streaks
• low-level perturbation (< 10−3u′opt) of the optimal mode ; sinuous and vari
ose instabilities of the streaks and transition to turbulen
e

DNS of by­pass transition

Spe
tral a

urate Fi
titious Domain Method with InternalFor
ing (FDMIF)(see [2℄,[3℄)
• Initial problem in a domain Ωp with 
omplex boundary γ

−∆u = 0 in Ωp with b.
. u|γ = u0 (1)
• Fi
titious domain formulation in a simpler domain Ω

−∆u = f in Ω (2)with f su
h that f (x) = 0 if x ∈ Ωp and u|γ = u0

• Smooth for
ing inside the �
titious domain ω = Ω\Ωp

f (x) =

∫
γ̃
λ(s)hρ(x− s) dσ

• λ Lagrange multipliers, hρ molli�ers (in�nitely di�erentiable bump)
hρ(x) = bρ(‖x‖) with bρ(r) = e

1

1−(ρr)
2 for r ≤ ρ

(1) new Fictitious Domain Formulation

f(x, y)

ω
γ̃ γ

Figure 2: FDMIF solution in Ωp with u|γ = 0and for
ing f(x, y) in the disk ω
Figure 3: L2 norm in Ω\ω̄ of the relative error on the velo
ityversus the number of modes N

Periodic Stokes flow over cylinder

Impli
it Volume penalisation with a Galerkin spe
tralformulation in divergen
e-free spa
e (see [5℄)
• Initial problem in a domain Ωp with 
omplex wall boundary γ

∂u

∂t
+NS(u) = 0 in Ωp with b.
. u|γ = u0 (3)

•Volume penalisation inside ω with ∂ω = γ

∂u

∂t
+NS(u) =

χω
η
(u− u0) in Ω = Ωp ∪ ω (4)

• Impli
it integration using operator splitting
un+1/2 − un

∆t
+NS(un) =

χω
η
(un+1/2 − u0)

un+1 − un+1/2

∆t
+NS(un+1) =

χω
η
(un+1/2 − u0)

linearly un
onditionally stable and ∇.un+1 = 0

(2) Implicit Volume penalisation
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Figure 4: Con�guration and 
omputational domain
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Figure 5: Fri
tion 
oe�
ient CF over rough and smooth wall

Boundary layer over rough wall

Development of e�
ient numeri
al tools allowing a

uratenumeri
al simulations (see [4℄)
•modern programming tools (C++, 
make, parallel python, git ..)
• hybrid parallelism (MPI + high level multi-threading)
• optimized parallel de
omposition
• s
ale on Peta-�ops parallel 
omputers (O(105) 
ores)
• parallel IO and visualisation (ParaView, VisIt)
• a

urate parallel analysis of the results using python s
ripts

(3) Parallel implementation

Figure 6: Parallel FFT using domain partitioning
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Nombre de coeursFigure 7: Speed up on IBM Blue Gene

Parallel efficiency
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