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Free surface boundary condition

Kinematic Boundary condition

mrs =0

vy

Dynamic Boundary condition

1 /1 1
Frn"T=— (=4 =
nelon We(R1+R2)

t1-F-n" =0

t2-l'-nT20

o 1 r
with T = —Pl+ — (Vu+ (Vu) )
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Expansion of the tangential stress condition

Example on t;

_P+2au> t21(8u+8v —|—t3i @_‘_@
Re 0 Re \ 0 ox Re \ 0z = 0x m
1(811+8V + t (P+2av +ti @+87W o =0
dy " ox) 7 Re dy ) " *Re\dz " dy e
tll(au-l-aw +t21<6v+8w>+t3( P+28W> s
Re \ 0z = Ox Re \ 0z Oy Re 0z
t1n1< P+28>+t L <8”+6V>+t3n11<8”+aw) +
Re 0 *Re \ 0 Ox Re \ 0z = Ox
tnl(&’—&-a‘/)—i—tn( 26v>+ 1(6v+6w) "
"PRe\oy "ox) 7 Re O e\ 9z T By
1
Re

A LA B tam (P2 9Y) = o
1"3Fe §+ 2N3 303 Re 0z =
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Special case (1)

Bi-dimensional case in x — z plane

—1x /N | YN
N | | N

S
I
(o

|

with A= /1 + 12

11 ou Ow o (Ou  Ow\|
ReN[_an<(9x_E)z>+(l_nx)<8z+8x>]_0

n 1 2 [28u ow <8u+8w>] NMxx O

P=F2 T Re ¥ |™ox "0z ™\ox T ox

N.B.: This BC is applied at the actual free surface (i.e. z = h+n)
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Special case (2)
Orthogonal mesh with g, # 0 and flow in x
0 1
n=lo| tu=|o0|=2 (2497 g
B 1= Re \0z o0x)
1 0
1 /ov Ow ou; .
R6<8Z+8y> =0= on =0withv —>0
n 2 Ow

n .
= 2 = Githy 0
P Fr2  Re 0Oz p Fr2Wl v

N.B.: This BC is applied at the undisturbed free surface (i.e.
z = h = linearisation)
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Special case (2)
Orthogonal mesh with g, # 0 and flow in x
0 1
n=lo| tu=|o0|=2 (2497 g
B 1= Re \0z o0x)
1 0
1 /ov Ow ou; .
R6<8Z+8y> =0= on =0withv —>0
n 2 Ow

n .
= 2 = Githy 0
P Fr2  Re 0Oz p Fr2Wl v

N.B.: This BC is applied at the undisturbed free surface (i.e.
z = h = linearisation)

Rigid lid approximation
oup  Ous op

e B0 O 2T
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Overview

© ALE definition
@ Method to compute the mesh velocity
@ New Code_Saturne ALE algorithm
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Method to compute the mesh velocity w

Solve a Poisson equation

div(Agrad w) = 0

Wl = imposed velocity
9(w —w.nn) _ 0
on B\ (t) B
w.nlpo\ry = 0
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Method to compute the mesh velocity w

Solve a Poisson equation

div(Agrad w) = 0

Wl = imposed velocity
9(w —w.nn) _ 0
on DQ\I(¢) -
w.nlpo\ry = 0

v

ALE algorithm

for nton+1do

Set w-Boundary Conditions on I(¢t™1)

Compute ﬂ7+1 by solving the Poisson equation

Reconstruct mesh velocity at nodes m”NH
Update the mesh from Q" to Q" with wj"

end for

1

4
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New ALE algorithm in Code_Saturne

Fﬁlgorithm 1 Implementation of the i :
ALE module with free surfacein Algorithm 2 Implementation of the

Code_Saturne V3.0 ALE module with free surfacein
for nto n+1 do Code_Saturne V_3.1
Compute  total mass flux fornton+1do
p(u—w);.S" Solve the NS and in the Algorithm 1
Compute the predicted velocity 7} Reset mesh to initial time 0
on Q7 Evaluate ALE BC in order to move
Compute the pressure corrected ve- the mesh from 0 — n 41
locity u7+1 on Q" Solve the ALE on mesh at time 0
Compute mass flux uf™.S" with BC at n+1
Compute w*! with free-surface Reconstruction mesh velocities at
BCs g,’c’“-g nodes ﬂ',(l+1 .
n
Reconstruction mesh velocities at ;J[;date the mesh from 0 to ©
1
nodes w" end for
Update the mesh from Q" to Q"*!
end for
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Verification with imposed mesh movement (linear
piston)

Time :2 Jrrheory Time :2 Jrrheory

__IV30B
V3l

0 o1 02 03 04 05 06 07 08 09 1

(a) nes = a - sin(wt)

Figure: Free surface movement externally imposed
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Verification with imposed mesh movement (linear
piston)

Time :500 Jrrheory Time :500 Jrrheory
_iv30p L vaop
Vil Vi3l
1 1 -
. il I
0 0.1 02 03 04 05 06 0.7 08 0.9 1 (] 01 02 03 04 0.5 06 0.7 08 0.9 1
. X — Xmin .
(a) nes = a - sin(wt) (b) nps = a| ———— + 1| sin (wt)
Xmax

Figure: Free surface movement externally imposed
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Definition
Inlet definition
A w
= c=— d=1m
T= cosh? (kx — wt) k
u=-" w="  A—o02m
djzn ) T
2kdutanh (kx — wt 2T
g k —_— = o 1 2
w o z N & 9.81m/s
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Definition

Inlet definition

A w
— = d=1m
7 cosh? (kx — wt) 2k
e 0 W= A=
d+n T
2kdutanh (kx — wt 2
w= ”a:“r(nx wi), /<_77r g =9.81m/s?
ob ob q)n—l—l _ o ¢n+1 _ ¢n+1
—+U—=0=-F Fru—t——rtl—=0
ot " " on At 7]
1 CFL UAt
¢n—|—1 = (Dn ¢n—|—1 th CFL = Te=m
F = 1xcrFrize® ™ 7]
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Code_Saturne V.2.3 vs V.2.0

(Loading movie)
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5 T

—o BC expl NTERUP =1
—— BC expl NTERUP=5
~—— BCimpl NTERUP=1
— BCexpli V20

CPU time [5)

o= V23 (mf 10r-17)
— V2.0 (mf10~-7)

Mass flux.

400
Iteration (time)
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Test case definition

Inlet definition

gk cosh (kz)

u=A - cos (kx — wt) e %kdg

gk . sinh (kz

— A8 gin (kx — wt) 20\2)

W w sin (Joc —w )sinh (kd)
w? = gktanh (kd)

Dimensions x x z | Mesh resolution
M1 10w x 1 500 x 20
M2 10w x 1 1000 x 40
M3 50m x 1 2500 x 20
M4 660 x 45 Several

RoOLFO et al. Free Surface with CS
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M1 vs. M2: free surface elevation

1.15 T I
: — M2 At=0.05
""" M1 At=0.05

14F : 2
Time 2.5

1.05~

hID

0.95-

0.9 1 1 1 1 1 1
0 5 10 15 20 25 30

x/D
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M1 vs. M2: pressure history

100 T T

A
-50
-100
— M2 At=0.05 slp=-0.23513
""" ML At=0.05 slp=-0.24607
_150 T T 1 L L
0 50 100 150 200 250
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Time step variation: free surface elevation

12 . . ‘
' —— At=0.05
S At=0.025
112f : D TR At=0.0125 H

""" At=0.005

h/D

XD
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Time step variation: pressure history

100 ! ! ! ! ! ! ! !

100 H = U = c At=0.05 slp=-024607 |-~ ST B
=== U =c At=0025 slp=-005891 : . :
=== U= At=00125 slp—-0.013955

-150 :
— =~ U =c 4t-0005 slp--0.00014681 5
~ 77U = ¢ A=00025 slp=-3.6298e-05 5
—ZUU T T T T 1 Il 1 1 1
0 50 100 150 200 250 300 350 400 450 500
T
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Corrections definitions

| | Inlet Outlet H | Def | Ref/|
cAt cAt
BCP | p=p—~—rgA | p=pP+ —pgA || AH | ha(t)— h(t) | k
QDM P _ gt AD | d—du d
dx /

Running average definition

(d) = SEp + (1 - A;) (-
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BCP correction: free surface

1.15 T T T

—— BCP 0.5xERRD

- ======+ BCP 0.5xERRH

(lime25 BCP ERRH
1105 ]
1.06 - : s
2

1015 ! ]
097} o]

0.925 L 1 1 L L 1

0 5 10 15 20 25 30

xID
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80 T T T

= BCP 0.5xERRD slp=-0.0012124

A -

" BCP 0.5<ERRH slp=-0.001827
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Conclusions & Future work

A V&V procedure of the ALE using free surface flows has been
conducted
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Conclusions & Future work

A V&V procedure of the ALE using free surface flows has been
conducted

o Verification of the ALE using inviscid wave propagation (solilatary
and regular waves)

@ Introduction in Code_Saturne of a convective outlet
o Problem of mass conservation with very long time simulations

@ Viscus calculation of open channel at several Reynolds number
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Conclusions & Future work

A V&V procedure of the ALE using free surface flows has been
conducted

o Verification of the ALE using inviscid wave propagation (solilatary
and regular waves)

@ Introduction in Code_Saturne of a convective outlet
o Problem of mass conservation with very long time simulations

@ Viscus calculation of open channel at several Reynolds number

Future work
@ Extension of the FS BC with the inclusion of viscous terms

@ Extension of the open channel to responding free-surface

RoLFO et al. Free Surface with CS
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