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Schémas d'advection : cas des systemes
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Schémas d'advection : cas des systemes
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Schémas d'advection : cas des systemes

n+1 T
T} I r‘-IF.;'. ke
n+1 =4 TT

( U k: ) ( U k )

STABLESI |Af2 <1

VON NEUMANN : ETUDE DE LA CONDITION p(ﬂ) <1

(CONDITION NECESSAIRE, EQUIVALENT SI LA MATRICE ESTNORMALE A4 — AA™)

FORWARD BACKWARD (AVEC g = ()

1 1 L
VALEURS PROPRESDEA . Ay = 1 — E[m_‘\f)g + i(m&t)\/'l — i(u,.-ﬂt);’

S (wAt) <2, AL =1 SCHEMA NEUTRE



Schémas semi-lagrangien : cas des systemes
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Equation parabolique et schéma implicite
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Equation parabolique et schéma implicite

90N

60N

30N

9OS |l I I I I I I 1 l 1 I I 1 I ' 1 |l l T I I 1 I l I 1 l 1 I I 1 I I I 1
180 150W 120W 90W 60W 30W 0 30F 60F 90F 120F 150F 180

Il
0 20 40 60 80 100 120 140 160 180 200

Figure 10: Ratio between the turbulent vertical diffusivity x and the effective diffusivity x°% for
each water column of the 1/2° (top) and the 1/4° (bottom) configurations. x°% is the diffusivity
in the continuous equation which would give the same damping as the numerical damping (ideally
we should get x/k°T = 1). Areas shaded in yellow and red indicate regions with large numerical
errors in the computation of vertical diffusion. The value of x/k°T is computed using (El) with
o?) = Fmld) the averaged value of the vertical parabolic Courant number in the mixed layer
and 6 = 27w /Ny,q with N4 the number of grid points in the mixed layer.
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Systemes raides: Méthodes de splitting
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PROCESSUS LIMITANT LE PAS DE TEMPS
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SYSTEME DES ONDES DE GRAVITE (KUNDU, 2002)

1. LINEARISATION DES EQUATIONS PRIMITIVES AUTOUR D’UN ETAT MOYEN (’uﬂ, wo = 0, ﬁ(z))
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2. DEFINITION D’UNE BASE MODALE ORTHOGONALE MUNIE D’UN PRODUIT SCALAIRE.
SOUS LA FORME D’UN SYSTEME AUX VALEURS PROPRES DE TYPE STURM-LIOUVILLE
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SYSTEME DES ONDES DE GRAVITE
(BLAYO ET DEBREU, 2005, OM)

3. DECOMPOSITION DES VARIABLES DANS LA BASE MODALE

(u, Mg) = ugq {PM>=Q'h
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4. PROJECTION DES EQUATIONS DE CONSERVATION DES MOMENTS, DE DENSITE ET DE CONTINUITE.
OBTENTION D’'UNE SOMME ORTHOGONALE DE SYSTEMES HYPERBOLIQUES (CARACTERISTIQUES)
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ONDE DE GRAVITE .
SYSTEME HYPERBOLIQUE COUPLE VITESSE-TRACEUR

INDEPENDANTE

VITESSE CONSTANTE : U( T Cy

N CONSTANT : UNE ONDE EXTERNE (BAROTROPE) > DES ONDES INTERNES (BAROCLINES)
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MODE BAROTROPE QUASI-CONSTANT
SUR LA VERTICALE.
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STRUCTURE VERTICALE DES PREMIERS MODES
BAROCLINES




Barotropic dynamics and time splitting

= |HE CFL STABILITY CONDITION ON THE BAROTROPIC MODE LIMITS THE TIME. STEP
&ti‘::{t < &I/C{‘_}{t where C'TE::!{T. -\ gH -1 LFE']'H.'-I,}C

H = 4000 m, Ceyy = 200 m/s (700 km/h), Az = 1km, Aty <58

« BAROCLINIC (INTERNAL) SLOW MODE: (INTERNAL GRAVITY WAVE PHASE SPEED + MAX ADVECTIVE
VELOCITY)

Cin = 2m/s + Ulmpax Axr = 1km, At;, < 8 mn

Atin /At e ~ 60 — 100!



SPLITTING BAROTROPE/BAROCLINE
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Ondes acoustiques et
filtrage temporel

s |HE COURANT-FRIEDRICHS-LEVY CFL STABILITY CONDITION ON THE ACOUSTIC WAVES LIMITS THE

TIME STEP. ¢ = 350m.s*

e —1
= EXTERNAL - INTERNAL GRAVITY WAVES : ¢, = 100 — 300m.s
= ADVECTION : U| < Cs

— 12
Duh
ﬁ+th = 0
€ %—FS—P = b
< nhpy 8z
DP )
Enbﬁ‘f‘ﬂs‘?'u = 0
Db — 0
\ Dt



Filtrage des ondes acoustiques au niveau des equations
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Filtrage des ondes acoustiques au niveau des équations

NON HYDROSTATIQUE, COMPRESSIBLE
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Traitement numeérique : semi-implicite
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Traitement numeérique : time-splitting

TERMES LENTS
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