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e Valeur de paramétres dans GLS (GLS_KEPSILON)

cjg =1,¢c53=-04 I:{> cj% =c45 = —1.83
PARAMETER(beta3m = -0.4, beta3p = 1.0) PARAMETER(beta3m = -1.83, beta3p = -1.83)

Umlauf et al. (2003)
Legay et al. (2024)

e Terme non-local KPP (LMD_NONLOCAL)

Temperature [Celsius] Yo [Kms™?]
N

0
-100 1
|

Pb de signe dans Croco/Roms-Agrif/Roms-UCLA

-200

E 00 i En I'état : le terme refroidit prés de la surface et

400 j réchauffe plus profond dans la couche limite
=500 %}I

-600
2.30




e Schéma en « flux de masse »

1

a = Rescaling coefficient
1 - ap
w'e’ = aapwy(¢p — @) — Ky0.¢ Vertical turbulent flux for component ¢
w'u}, = capwp(un,p — ) — Km0:10p Vertical turbulent momentum flux
0. (apwy) =E-D Plume area conservation equation
apWwp0,dp =aE(¢— ¢p) Plume equation for component ¢
apwpO:un,, = aE(Un —upp) + apwpCuo:un Plume horizontal momentum equation
apwpdswp = —(ab) Bwp + ap {aBy + a(b’ /h)w?} Plume vertical velocity equation
B, = beos(Pp) — beos (@) Buoyancy forcing term
e o =1« small area limit — standard mass flux scheme

* M. Perrot, F. Lemarié, T. Dubos: Energetically consistent Eddy-Diffusivity Mass-Flux schemes part I - theory and models (2024, submitted to
JAMES)

e M. Perrot, F. Lemarié: Energetically consistent Eddy-Diffusivity Mass-Flux schemes part Il : implementation and evaluation in an oceanic
context (2024, submitted to JAMES)



e Branche : dev2024 Convection
= Nouveaux parametres pour k-eps
= Bug fix pour le terme non-local de KPP
= \ersion beta du schéma en flux de masse
= (Cas-tests 1DV : FC500, W005_ FC500 (simulations LES de référence)



Fortran to python interface

/

-

e Directly extractable from 3D models
e Documentation generated by FORD
e Several components already available :

o]

000 0O

Low-level code \

Fortran building blocks

NEMO TKE
CROCO K-epsilon
Mass flux scheme
Bottom friction

F2PY

EQOS, Jerlov law,
etc...

for kt in range(self.nbsteps):

/" High-evelcode

Python class

scm_class.py

reproducibility and code sharing

I/O writing

online diagnostics (e.g. energy budgets)
e natural interface to python libraries for

\ data analysis and statistical tools /

self.t_np1 = scm_oce.advance_tra_ed(self.t_n, ...)
self.u_np1, self.v_np1 = scm_oce.advance_dyn_cor_ed(self.u_n, self.v_n, ...)

if self. MF_tra or self. MF_dyn: self.do_MF( )

if self. MF_tra: scm_oce.advance_tra_mf(self.t_np1, self.tp, self.Fmass, ...)
if self. MF_dyn: scm_oce.advance_dyn_mf(self.u_np1, self.v_np1, ... )

if self.ED: self.do_ED( )



Objectif : formulation d'un schéma sous-maille pertinent lorsque la résolution est bien

plus petite que I'échelle des grandes structures turbulentes contenant I'énergie

= Schéma de fermeture 3D basé sur la TKE (192-dev_2024 tke3d_les_mixing)

Sh2 = [2 ((Bou)® + (8y0)* + (B:w)?) + (v + Byu)* + Oyw)” .+ a’”w

OE = —0y(uE — vgO,E) — 0y(vE — vgOyE) — 0,(wE — I/EazE) + v, Sh2 — I/hN2 —

l min( %EQ,A) for N2 > 0
LES =
A for N2 <0

\ grid box size (AzAyAz)'/?

Ce

lLEs

EVE

Um = CmlLES \/E

vp = Prt_ll/m

Vg = CElLEs\/E

Prt =

AN
A+ 2l gs

In line with Deardorff (1980); Sullivan et al. (1994, NCAR LES): Cuxart et al. (2000, MNH), Zhang et al. (2018, WRF)



zlh

Conditions double-périodiques

Cas de convection libre (-500W/m2)

Domaine: 7.5x7.5x 1 km -> 500 x 500 x 100 points

Comparaison MNH & TKE3D_MIXING
_ —_— . .
oo 6 wo k Mixing length
" | = croco (TKE3d) w ----------- P
—— MNH i
-0.2 1 h
—0.4- i
~0.6 ;,
—0.8 1 .':
— WO (sby+res) ,," m— TKE (sbg+res)
~1.0- = W8 (sbg+res) ’:f' =—— TKE (sbg+res)
——- sbg w6’ v --- sbg TKE
- sbgTS' : --- sbg TKE
_1.2 T T T T T T T : T T T T T T T T T T
155 1.60 1.65 1.70 1.75 1.80 0.0 0.5 1.0 0 2 4 6 8 0.0 25 50 7.5 10.0 125
°C °C m S_l le—4 m2 5—2 le—-4 m
Croco vs MNH (x 3.15)

Colt de calcul :



» Comparaison MNH, TKE3D_ MIXING & GLS_MIXING_3D

Cas de convection libre (-500W/m2)

“~ ! ! . .
oo 6 w6 Mixing length
| = CcrOCO (TKE3d) T} ———————— l"
—— CROCO (k - £)3d i
—0.2 { == MNH 7 i
i
1
-0.4 - 1 i
i
i
- 1
N —0.6 A - i
—7 ! -~
0.8 i - ﬂmgﬁes) E — TKE (sbg+res)
. — ﬁ<sb9+res) ! = TKE (shg+res)
— V'O Egﬂes) H e TKE (Sbg+res)
—~1.0 1 4 - sbow® ] --- sbg TKE
——. sbg w6’ --- sbg TKE
- sbgTG' --- sbg TKE
_1.2 T T T T T T T T T Ll T T T 1 T T T
1.55 160 165 1.70 1.75 1.80-1.0 -0.5 0.0 0.5 1.0 0 2 4 6 0 20 40 60
°C "Cms™t et m2s=2  le3 m



Cas de convection libre (-500W/m2)

Comparaison avec MNH, TKE3D_MIXING & TKE3D_MIXING (Prt = 1)

- !/ ! . .
o 6 wo k Mixing length
" | = croCoO (TKE3d) e :';",, """"""
e CROCO (TKE3d Pr;=1) v .;‘I,"
—-0.2 ] — MNH i
M
m
i
—0.4 1 i
i
I
< I
_ | 1]
N 06 i
— n
0. _— Wi"SbQ”QS) :.' = TKE (sbg+res)
. == W0 (sbgtres) === TKE (sbg+res)
[— w'9'ﬁg+res) = TKE (sbg+res)
1.0 J— sbgLB' --- sbg TKE
——- sbgw6’ --- sbg TKE
——- sbgw® --- sbg TKE
_1|2 T T T T T T T T
1.70 1.75 1.80 1.85 0.0 0.5 1.0 2 4 6 5 10
o -1 le—-4 2 -2 le—-4
Cms e m< s ¢ m




Cas de convection libre (-500W/m2)

+ Comparaison MNH, WENOS5 & TKE3D_MIXING

z/lh

_ ! !
/
6 w6 k w'k
0.0 "
== CROCO (TKE3d) X | |  e=—7 FApP s
—— CROCO (ILES-Weno5) -~ i
—0.2 4 =— MNH '
n
n
n
n
—041 i
i
)
)
—0.64 ::
i
n
I.I
—0.8 1 — E(sbgﬂes) ',' —— TKE (sbg-+res)
— W8 (sbg+res) ' e TKE (sbg+res)
—1.0 1 —— W0 (sbg+res) = TKE (sbg+res)
——- sbgwo ---sbg TKE
——- sbg w8 --- sbg TKE
_1.2 T T T T T T T T T T T
1.70 1.75 1.80 1.85 0.0 0.5 1.0 2 4 6 -6 -4 -2 0
o -1 — — — — —



Cas de convection libre (-500W/m2)

» Comparaison WENOS & TKE3D_MIXING

Surface w (Tke3d) [m s71]

- e TR 0.03 0.03
4 't"u&;‘%_ é’iz,/r i By 3
5&%&*«&{ 3 G i 0.02 0.02
i R
B e s A
1) ’ 0.01 0.01
£
X 0.00 0.00
>
-0.01 -0.01
-0.02 -0.02
0 -0.03 -0.03
Surface temperature (Tke3d) [C] Surface temperature (Weno5) [C]
1800 oo e ¥ 1.800
7 ‘
1795 1.795
6
1790 1.790
5
1785 1.785
€ 4
X 1780 1.780
>
3 1775 1775
2 1.770 ke 1770
1 1.765 Gt 1.765
0 1.760 e 1.760
0 2 4 6

x [km] X [km]
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Cas de convection + vent

e u
O R~ T — e T e v T B e T e —
= CROCO (TKE3d) s ol
m— MNH ,’,’
1
1}
—0.2 g 1
n
n
n
n
n
n
~04] ] .
n
n
n
n
n
n
—0.6 E 1 1
1
1
1
1
1}
1
-0.8 1 ; {1/
II A\
] Al
1 A
— : - :
~1.01 i we’ (sbg+res) 11 —— TKE (sbg+res) i wu' (sbg+res) H
— W6 (sbg-+res) | = TKE (sbg+res) — WU (sbg+res) 1
- sbg W | ——— sbg TKE e g W |
——. sbgw®' H --- sbg TKE ——. sbgwu' H
-1.2 T T T T T T T T T T 1 T T 1 T T T T T T 1
1.55 1.60 1.65 1.70 1.75 1.80 0.00 0.01 0.02 0.03 0.04 0.05 0.0 0.5 1.0 0 2 4 6 8 -4 -2 0
m s~! ‘Cms™t 1led m? s2 le-4 m3 s~3 le=5

°C



Implémentation pratique: ajout de 2 subroutines (tke3d_mixing.F; uv3dmix_R3D.F) + TKE au centre des mailles)

Test supplémentaire: configuration J.B. Roustan (SHOM)

Projet d'intercomparaison de LES et de construction d’'une base de simulations (PEPR TRACCS; ANR PLUME)
= (ceananigans, Basilisk, Dedalus, MNH, Croco, ...

Vers un modéle hybride méso-échelle / LES ...

Atelier LEFE « représentation des fines échelles océaniques dans les simulations numériques »

https://atelier-fines-ech.sciencesconf.org/

Intervenants sur le sujet : Rémi Manceau (LMAP, Pau) et Alexandre Delache (LMFA, ECL)



https://atelier-fines-ech.sciencesconf.org/

