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Introduction

Lagrangian-Averaged Navier-Stokes alpha model
(Holm et al., 2006 ; Hecht et al., 2008)
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Introduction

Lagrangian-Averaged Navier-Stokes alpha model
(Holm et al., 2006 ; Hecht et al., 2008)

smoothing procedure (Petersen et al., 2008):
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Introduction

Implementation in MARS3D and application to Alderney Race
(Bennis et al., 2021)
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Leray-a in CROCO

Primitive equations
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Leray-a in CROCO

Primitive equations with Leray (1934) regularization
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Leray-a in CROCO

Lo~~~ u kWM e

filter weights computation

subroutine filter_matrix (b,c,d,e,fw,w,w_sum3,w_sum5,w_sum7,w_sum9)
implicit none

real, intent (in) :: b, c, d, e
integer, intent (in) :: fw

real, intent (out), dimension (-4:4,-4:4) :: w
real, intent (out) :: w_sum9,w_sum7,w_sum5,w_sum3

W_sum9 = 4%(b**2+c**2+d**2+e**2+b+c+d+e)+8*(e*d+e*c+c*d+e*b+b*d+b*c)+1
w_sum7 = 4*(b**2+c**2+d**2+b+c+d)+8*(c*d+b*d+b*c)+1

W_sum5 = 4*(b**2+c**2+b+c)+8*b*c+1

w_sum3 = 4%(b**2+b)+1

I 9x9 filter matrix :
w(0,0)=1
if (fw == 3) then

w(-1,1) = b**2

w(-1,-1) = b**2
w(1,1) = b**2
w(l,-1) = b**2
w(0,1) = b
w(0,-1) = b
w(1,0) = b
w(-1,0) = b

else if (fw == 5) then

w(-1,1) = b**2
w(-1,-1) = b**2



Leray-a in CROCO

filtering procedure

24 integer :: p, g, L, m, n

25 real :: weilght_sum

26

27 v_smoothed = 0

28

29 v_smoothed(Istr,:) = vel(Istr,:)

30 v_smoothed(:,Jstr) = vel(:,Jstr)

31 v_smoothed(Iend,:) = vel(Iend,:)

32 v_smoothed(:,Jend) = vel(:,Jend)

33

34 do p = Istr+1,Iend-1

35 do q = Jstr+1,Jend-1

36 if (filter_width == 3 .or. p == Istr+1 .or. p == Iend-1 .or. q == Jstr+1 .or. g == Jend-1) then
37 weight_sum = weight_sum3

38 n=1

39 else if (filter_width == 5 .or. p == Istr+2 .or. p == Iend-2 .or. q == Jstr+2 .or. q == Jend-2) then
40 weight_sum = weight_sum5

41 n=2

42 else if (filter_width == 7 .or. p == Istr+3 .or. p == Iend-3 .or. q == Jstr+3 .or. q == Jend-3) then
43 weight_sum = weight_sum7

44 n=3

45 else if (filter_width == 9) then

46 weilght_sum = weight_sum9

47 n=4

48 end if

49

50 dom=-n, n

51 do1l=-n,n

52 v_smoothed(p,q) = v_smoothed(p,q) + w(1l,m)*vel(p-1,q-m)
53 end do

54 end do

55 v_smoothed(p,q)=(v_smoothed(p,q))/weight_sum

56 end do

57 end do



Leray-a in CROCO

advection with smoothed velocity

(rhs3d.F)
685 call filter(Huon(Istr-1:Iend+1,Jstr-1:Jend+1,k),
686 & Istr-1,Iend+1,Jstr-1,Jend+1,
687 & W,W_sum3,w_sum5,w_sum7,w_sum9,fw,Huon_sm)
688 call filter(Hvom(Istr-1:Iend+1,Jstr-1:Jend+1,k),
689 & Istr-1,Iend+1,Jstr-1,Jend+1,
690 & W,W_sum3,w_sum5,w_sum7,w_sum9,fw,Hvom_sm)



Leray-a in CROCO

advection with smoothed velocity
(rhs3d.F)

UP3 advection scheme

691 do j=Jstr,Jend

692 do 1=IU_EXT_RANGE

693 uxx(i,j)=(u(i-1,j,k,nrhs)-2.*u(i,j,k,nrhs)

694 & +u(i+1,j,k,nrhs)) SWITCH umask(i,j)

695 Huxx(i,3j)=(Huon(i-1,3,k)-2.*Huon(i,]j,k)

696 & +Huon(i+1,j,k)) SWITCH umask(i,j)

697 Huxx_sm(i,j)=(Huon_sm(i-1,j)-2.*Huon_sm(i,j)

698 & +Huon_sm(i+1,j))  SWITCH umask(i,j)

699 enddo

700 enddo

745 cffX=u(i,j,k,nrhs)+u(i+1,j,k,nrhs)

746 if (cffX.gt.0.) then

747 curvX=uxx(i,j)

748 else

749 curvX=uxx(i+1,j)

750 endif

751 UFx(i,3)=0.25*(cffX+gamma*curvX)

752 & *(Huon_sm(i,j)+Huon_sm(i+1,3)
753 & -0.125*(Huxx_sm(i,j)+Huxx_sm(i+1,3)))

754



Leray-a in CROCO

Test case

Periodic channel domain inspired by (Hetch et al. 2008)
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Leray-a in CROCO

Test case

meridional velocity at mid-depth
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Leray-a in CROCO

Test case
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Leray-a in CROCO

Test case

meridional velocity at mid-depth

FERRET (optimized) ¥er.7.2 FERRET [cotimized) Yer 7.5
il TF
P - 2023 TLEGIE R Z0ZT TET4L
2 05147 . Z . —0.5147
T {zecond) : 7776000 DAaTA SET: channel_Z20km_notilter T (second) @ 7776000 LATA SET: channel_40km_filterS
FERIODIC CHAMMEL WITH BLIMF PERICDIC CHAMMEL WITH BUME

0

30

20 B0 100 140 10 30 50 i
X kS

v-momentum component (meter second—1) v—momentum component (meter second—1)

CROCO 20km CROCO Leray-a 40km
filter size: 5



Leray-a in CROCO
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Conclusions & perspectives

Conclusions

* Leray-a regularization re-energizes the flow: stronger eddy kinetic
energy

* Applied to coarser configurations Leray-a can be used to simulate
finer resolutions, with a lower computational cost

Perspectives

* MPI parallelization implementation (halo size increase and MPI
exchanges)

» Application to coastal realistic configurations (Wave-current
interactions, non-hydrostatic, ...)
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