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® introduction

® the problem

® the flow: Saint Venant and other

® first granular model

® first coupling: bars

® improved granular model: saturation length
® ripples

® bars & ripples

® conclusions perspectives
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meander braided river

Iceland
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Ornain, Bar-Le-Duc

photo Jorzan
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Dunes Ripples

Audubon, January 2005 (Discharge: 34,292 m/sec.)
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Dunes in the Mississippi Dunes or Rhomboid bars in a micro-
(L. Malverti et al., Fluvial and river
Subaqueous Morphodynamics of
Laminar Flow, Sedimentology) Laboratoire de Dynamique des

Systemes Geologiques
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« linguoid bars»

(S. Ikeda) Laboratoire de Dynamique des Systemes
Géologiques

Yavay

B IR
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Du Boys 1879
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- first coupling: bars

imporved granular model: saturation le
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The problem:

Simplified model of interaction: erodible bed/ flow

- simplified transport laws

- asymptotic models for the flow (Saint Venant, pure shear
flow at large Reynolds)

=2 good physics, good terms in the equation but maybe too simple...

easy model to solve

stability, pattern formation
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conservation of mass of granulars bed load
af g

ot Oz
Problem :
What is the relationship between ¢ and the flow?

hint: the larger u the larger the erosion, the larger ¢
g seems to be proportional to the skin friction
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u increases & deacreases over the bump,

flux of granulars increases on the «wind» side

flux of granulars decreases on the «lee» side
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® case of the antidune!

u increases & deacreases over the bump,

flux of granulars increases on the «wind» side

flux of granulars decreases on the «lee» side

the bump is eroded and sedimented
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PATTERNS

Alternate bars

Meanders

Rhomboid patterns
Lingoid bars

Ripples

Dunes
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PATTERNS

Alternate bars

Meanders

Point meanders
Rhomboid patterns
Lingoid bars
Ripples

Dunes

Flow model?

Erosion model?
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® introduction
® the problem

® the flow: Saint Venant and other
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the models

® Fluid Models

® Erosion models

steady flow configurations
fast, but with enough Physics

aimed at river flow, but OK for coastal
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Saint-Venant approach
Flow Model

Z="
/ Az (Navier Stokes)

+Poiseuille profile

A;i n=h+f

he % + hydrostatic balance
| AT
> _ - X Shallow water - Saint Venant
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Saint-Venant approach

Flow Model
60 ., — _, — , N 3vu
V- (hT)=0
= +Poiseuille profile
n=nh+f
+ hydrostatic balance
REiN |
” - x Shallow water - Saint Venant
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Saint-Venant approach

Flow Model
i 6 2 Uy
laminar gF upOpu; = S6;1 — 0i(h + f) — Sﬁ
turbulent F?u.0pu; = S8;1 — Oi(h+ f) — S@ui
8k(huk) =0 2 ﬁ
B gho
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Saint-Venant approach

, 6
laminar 5F2uk8kui = S6;1 — O0i(h + f)

8k(huk) =0

Flow Model
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Saint-Venant approach

Flow Model
laminar gFQukc’?kui = S0;1 — O;(h+ f)
8k(huk) = (
(ZB, y) — hO/S
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Saint-Venant approach

Flow Model
laminar §F2uk8kui = 0;1 — Oi(h+ f)
8k(huk) =0
(ZB, y) — hO/S

Uj
h2
F? — ﬂ
gho
3F?

jeudi 8 avril 2010



0 U,
ak(huk) =\
Long Wave perturbation
0 U,
geFQukﬁkui — 5@'1 12 682(h + f)
8k(huk) =0
Short Wave perturbation
0 U,
ngukf)’kuz — 8(57;1 h2) — 8Z(h + f

8k(huk) =0
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6 )
SV 5F2uk8kui — 57;1 — 8@'(h T f) ZQ

(‘)k(huk) =0

equations «before» transverse integration:
Reduced Navier Stokes Prandtl

o0, o, OU, op  0°U;
F2 — | l I )
( Ot Uy 07 U255 07z ) =1 0% = 0z2
oUy | 90> _ i
or | 0z V2 T -
Uy

parabolic system ¢ primitive equations
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equations «before» transverse integration

Short Wave perturbation

0
ngukf)’kuz — 8(57;1

8k(huk) =\

Uj

h2

) — Oi(h + f)
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equations «before» transverse integration
Short Wave perturbation

6
. EFQUkakui = —0;(h+ f)
__. figgand Or(hug) = 0

Ue A

— licary layer

|deal Fluid + Boundary Layer
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INTERACTING BOUNDARY LAYER

VISCOUS INVISCID INTERACTIONS =)
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we think that:
IBL is a better closure than Saint Venant in the Short Wave case

PhOtO PYL WNS'VERANT 1707 1886 sabix
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But maybe the best model is NAVIER STOKES ;-)
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linear perturbation of a quasisteady flow with
a given wavy bed

H(x)

g
|

X

basic flow is NuPelt (half Poiseuille)
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linear perturbation of a quasisteady flow with
a given wavy bed

basic flow is NuPelt (half Poiseuille)

+ linear perturbation

u=Uy+ e (y)e™ v= —cik(y)e™

V" — 2k7" + k) = ikRe{Us (4" — k) — Uf ¥}
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linear perturbation of a quasisteady flow with
a given wavy bed

H(x)

g
|

10—
|
0
Re=50 0001001 01 1 10

skin friction response
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skin friction response

F1G. 2.3 — Parties réelles (en haut) et parties imaginaires (en bas) de la perturbation du cisaillement au

fond renormalisée, pour Re =1 et différentes valeurs de Fr.
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Fr = 2,00 —— |
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’“ skin friction response

F1G. 2.4 — Parties réelles (en haut) et parties imaginaires (en bas) de la perturbation du cisaillement au
fond renormalisée, pour Re = 30 et différentes valeurs de Fr.
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skin friction response

F1G. 2.5 — Parties réelles (en haut) et parties imaginaires (en bas) de la perturbation du cisaillement au
fond renormalisée, pour Re = 100 et différentes valeurs de Fr.
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10 ¢
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ReZ
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skin friction response

F1G. 2.6 — Parties réelles (en haut) et parties imaginaires (en bas) de la perturbation du cisaillement au
fond renormalisée, pour Re = 300 et différentes valeurs de Fr.
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clololch
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skin friction response

F1G. 2.6 — Parties réelles (en haut) et parties imaginaires (en bas) de la perturbation du cisaillement au

fond renormalisée, pour Re = 300 et différentes valeurs de Fr.
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Re = 300

- Sommerfeld Station aire 2D
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c’est bien toujours stable

F1G. 2.6 = Parties réelles (en haut) et parties imaginaires (en bas) de la perturbation du cisaillement au
fond renormalisée, pour Re = 300 et différentes valeurs de Fr.
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F1G. 2.6 — Parties réelles (en haut) et parties imaginaires (en bas) de la perturbation du cisaillement au

fond renormalisée, pour Re = 300 et différentes valeurs de Fr.
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Viscous effects are important near the wall
Perturbation of a shear flow Non linear resolution
(with flow separation) possible
But first we linearise

It is called Double Deck (Triple Deck)
Introduced by Neiland 69 Stewartson 69 Smith
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Viscous effects are important near the wall
Perturbation of a shear flow Non linear resolution
(with flow separation) possible
But first we linearise

It is called Double Deck (Triple Deck)
Introduced by Neiland 69 Stewartson 69 Smith

linear solution

6/\
ki 4+ =L~
Yy
0414
Yyu 1 P1 012

LY 0
—ikyT = 9

> Ai((—ik) /)
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Viscous effects are important near the wall
Perturbation of a shear flow Non linear resolution
(with flow separation) possible
But first we linearise

It is called Double Deck (Triple Deck)
Introduced by Neiland 69 Stewartson 69 Smith

81/3
Oxl/3

[l 9,

VY3HE)), with é = FTYHFT|[f]13A4i(0)(—(i27k)U%) 3]

very similar to Fowler / Azerad Bouharguane

Us
U\

r = pU(O%(1 + (22
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Conclusion of the fluid part:
asymptotic models

Saint Venant / Shallow water:
OK but only at large scale
poor short scale shear stress prediction

/ t

NSIsmaII depth Reduced Navier Stokes Prandtl:

hydrostatic

triple/ double
deck IBL an alternative for
l small scale pertubances

! N v

Integral IBL
shear flow |

improving SV with an Integral Boundary Layer???
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Turbulence!?

The laminar model is a «good» approximation of
a turbulent model

Laboratory experiments are more or less laminar

In linear Shallow Water, it changes only the value
of the coefficients

difficult message
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® introduction
® the problem
® the flow: Saint Venant and other

® first granular model
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Erosion Model

link between the flow of water and the flow of grains

Problem :
What is the relationship between ¢ and the flow?

hint: the larger « the larger the erosion, the larger q
g seems to be proportional to the skin friction
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Erosion Model

000000600

Stress larger than a threshold T > T;
T

(Pp—p)gD

Shields number
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Erosion Model
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Erosion Model

0000

Stress larger than a threshold T > T;
T

(Pp—p)gD

Shields number
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Erosion Model

)
CRHOOOLO00

Stress larger than a threshold T > T;

Shields number

(Pp—p)gD




Erosion Model

@
CRHOOOLO00

Stress larger than a threshold T > T;

Shields number

(Pp—p)gD




Erosion Model

o QQQQ%QQ

Stress larger than a threshold T > T;

Shields number

(Pp—p)gD




Erosion Model

0000500

Stress larger than a threshold T > T;
T

(Pp—p)gD

Shields number

jeudi 8 avril 2010



Erosion Model

- QQ@QC%)(%

Stress larger than a threshold T > T;
T

(Pp—p)gD

Shields number
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Erosion Model

- OO0

Stress larger than a threshold T > T;
T

(Pp—p)gD

Shields number

jeudi 8 avril 2010



Erosion Model

O @Q@QQ (%)m

Stress larger than a threshold

Shields number




Shields number

Erosion Model
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Erosion Model

®
500~

Stress larger than a threshold

Shields number

YO

T > T,

(Pp—p)gD




Erosion Model

A

Stress larger than a threshold T > T;
T

(Pp—p)gD

Shields number
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Erosion Model

()

1806 Grenoble 1873
Q http://www.annales.org/archives/x/gras.html
Les lois d’entrainement de M. Scipion Gras

sur les torrents des Alpes (Annales des ponts et Chaussées, 1857, 2¢ semestre) résumées par du Boys 1879 :

“un caillou posé au fond d’un courant liquide, peut étre déplacé par I'impulsion des filets qui le rencontrent : le mouvement aura lieu si la
vitesse est supérieure a une certaine limite qu'il (S. Gras) nomme vitesse d’entrainement. Cette vitesse limite dépend de la densité, du

volume et de la forme du caillou ; elle dépend aussi de la densité du liquide et de la profondeur du courant.”
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Erosion Model
In the literature one founds Charru /lzumi & Parker / Yang / Blondeau Du Boys

¢s = Ew(t%(1 — 75)°)
if x > 0then w(x) =z else w(z) = 0.

or with a slope correction for the threshold value:
a, B coefficients,a =0, b=30ora=b=10ra=1/2,b=1or...

| = 0.855A(Sh—0.12
O.OZSQ ( )

0.02
 0.015!
0.01}
0.005

"0.05 0.1 0.15 0.2 0.25
g M

Charru Sh (ps — ps)gd
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Erosion Model
In the literature one founds Charru /lzumi & Parker / Yang / Blondeau Du Boys

¢s = Ew(t%(1 — 75)°)
if x > 0then w(x) =z else w(z) = 0.

or with a slope correction for the threshold value:
a, B coefficients,a =0, b=30ora=b=10ra=1/2,b=1or...

| = 0.855A(Sh—0.12
O.OZSQ ( )

[ L 3
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Erosion Model
In the literature one founds Charru /lzumi & Parker / Yang / Blondeau Du Boys

¢s = Ew(t%(1 — 75)°)
if x > 0then w(x) =z else w(z) = 0.

or with a slope correction for the threshold value:
a, B coefficients,a =0, b=30ora=b=10ra=1/2,b=1or...

003
0.025. ©Q=S8h—Threshold

0.02
 0.015!
0.01}
0.005

"0.05 0.1 0.15 0.2 0.25
g M

Charru Sh (ps — py)gd
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Erosion Model
In the literature one founds Charru /lzumi & Parker / Yang / Blondeau Du Boys

¢s = Ew(t%(1 — 75)°)
if x > 0then w(x) =z else w(z) = 0.

or with a slope correction for the threshold value:
a, B coefficients,a =0, b=30ora=b=10ra=1/2,b=1or...

0030
0.025 -
0.020 -
s 0015
0.010 -

0.005

0.000 |- e
0.00

Charru o
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Erosion Model
In the literature one founds Charru /lzumi & Parker / Yang / Blondeau Du Boys

¢s = Ew(t%(1 — 75)°)
if x > 0then w(x) =z else w(z) = 0.

or with a slope correction for the threshold value:
a, B coefficients,a =0, b=30ora=b=10ra=1/2,b=1or...
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mass conservation of sediments
(Exner Law)

of - —
-
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® introduction

® the problem

® the flow: Saint Venant and other
® first granular model

® first coupling: bars
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testing Saint Venant + erosion
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int Venant + eros

ing Sa

test

PRSI T A, T —
B et B

292 msec.)

34

, January 2005

Audubon

(Discharge
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— T —— A ©

——————_
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coupled system
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s

Navier Stokes Coupled S)'Stem Saint Venant

—>
3V Uu

(7)?

O .
-(u V)T = —g(Vn+ sin(0) € )

Mass conservation of fluid
— —
V-(hu)=0
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s

Navier Stokes COUPIEd S)'Stem Saint Venant

6 ., — S~ _ N 3vu
g(u -V)u =—g(Vn+sin(0) €,) )2
Mais conservation of fluid
V-(hu) =0
(4 =)
G=00" v Vh

el )
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s

Navier Stokes COUPIEd S)'Stem Saint Venant

6 . = — s _ N 3vu
g(u -V)u =—g(Vn+sin(f) €,) DL
Mais conservation of fluid
V-(hu) =0
[ ) 0 —
G=00"| =~y Vi a—{z—v-ﬁ

&
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Navier Stokes COUPIEd S)'Stem Saint Venant
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Mais conservation of fluid
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Linear Stability

Basic flow up =1, do =
—> =
— >
—_— —
— —
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Linear Stability

Basic flow uop =1, dg = 1

perturbations o exp(i(kjz; — wt))
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Linear Stability

Basic flow up =1, dg =1
perturbations x exp(i(kjz; — wt))

dispersion relation

w= (=360 (k; + k. )y + 300 [ ky (kyy + 2k k. + Ky
+ 2038+ S(2 + B)y) + ik k(1 + 5+ S(4+ 5)7))
+ 255 (kyy + 2k2k2y + Ky — ikok2(—3 + B)(1 + S7)
+iky (26 4+ S(34+26)7)))/
((6F2ky — 5iS) ((— 5+ 6F7)k; — 5k;, — 15ik,.S) (1 + S)
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Linear Stability 1D /(ZD)

; no dunes in 2D

antidunes in 2D

(0}
1 |
= o
. | .
w w N U = (5] o
~ [)) (52} > w N = o
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Linear Stability 1D /(ZD)

0.25

02

0.15

0.1

0.05

-0.05

no dunes in 2D

T T
'sim-1.txt'u 1:7

'sim-10.txt'u 1:7
'sim-20.txt' u 1:7
'sim-30.txt' u 1:7
'sim-40.txt' u 1:7
'sim-50.txt' u 1:7
'sim-60.txt' u 1:7
'sim-70.txt' u 1:7
'sim-80.txt' u 1:7
'sim-90.txt' u 1:7
'sim-100.txt' u 1:7
'sim-110.txt'u 1:7
'sim-120.txt' u 1:7
'sim-130.txt' u 1:7
'sim-140.txt' u 1:7
'sim-150.txt' u 1:7
'8im-200.txt' u 1:7
'Sim-250.txt' u 1:7
'siin-300.txt' u 1:7
'siny -350.txt‘ u1:7

1M -4

'sim.data' u ($1):7

> 0O ¥ X +

O % X

12

example gerris
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Linear Stability 2D /(3 D)
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Linear Stability

2 D Instability :
Inclindes bancs

0 0.01 0.02 0.03 1(0.04 0.05% 0.05
X
No 1D instability (ky=0): F=15 ¢=3°

p =375 y=1
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Linear Stability

0.3

0.25

0.2

0.01 0.02 0.03 0.04 0.05 0.05

F=15 ¢=3°
p =375 y=I

width of the river R promotes the modes
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Linear Stability

0.01 0.02 0.03 0.04 0.05 0.05

F=15 ¢=3°
p =375 y=I

width of the river R promotes the modes
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Linear Stability

R=15 R=40

0.01 0.02 0.03 0.04 0.05 0.05

F=15 ¢=3°
p =375 y=I

width of the river R promotes the modes
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meander

braided river
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® Saint Venant + erosion gives alternate bars

® nhow we look at the evolution of those bars
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small film of water 3

50 A

¢ (deg)

40 A

30 A

20 A

0 0.1 0.2 0.3 0.4 0.5 0.6
V (cm/s)

FIG. 3: Chevron alignment angle as a function of velocity.
Error bars indicate measurement variations

FIG. 2: Patterns observed in the erosion experiment: a crossed hatched pattern, b disordered branched pattern, c orange skin,
d chevron structure, e chevrons with oblique channels, f localized pulses at chevron onset. The layer appears darker where it
has been eroded because the bottom plate is black. A light source to the left creates additional shading.

Daerr, A, Lee, P, Lanuza, J. & Clement,E. 2003 Erosion patterns in a sediment layer. Physical Review E 67.
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small film of water
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small film of water

RH )P\I}JOID RIPL’[
A. 0. WOODFORD.

Bucher {p. 133, 1919) has proposed the term “rhomboid
(current-) ripple” for “small rhomboidal, scale-like tongues of
sand, arranged in a reticular pattern” produced experimentally
by Engels (1905) as the first effect of transportation by a
water current in gentle, uniform flow. But violent currents
in water also impress rhomboidal patterns on sand, and hence,
in this paper, the term rhomboid ripple mark will be used in a
descriptive sense, to include all sharply rhomboid patterns
developed on the sur face of a mobile sediment. An example
is given in Fig. 1. Braided rills which are not sharply and
regularly rhomboid in pattern, are not included. Neither are
the numerous V-shaped grooves which spread from the snouts
of partly buried sand crabs (Hippidae, Emerita analoga in

California), and which may in combination suggest an irregu-
Lu]} rhombic pattern.

Fig, 1. Rhomboid ripple mark, Laguna Beach, Calif.,, March 29, 1933.
The hammer gives the scale,

518

Several authors (Kindle: p. 34 and pl. 19b, 1917; Johnson :
pp. 515-517, 1919; Kindle and Bucher: pp. 655, 656, 1932)
describe and figure rhomboid ripple marks from modern
beaches, In 1{?11 Kindle ascribed the imbricated pattern to,
“The action of very small waves lapping and crossing each
other from opposite sides of a miniature spit,” but in 1932
Kindle and Bucher were inclined to explain the pattern in the
light of the Engels’ experiment mentioned above. Johnson
calls the structures “backwash marks,” and savs (p. 517,
1919) : “The thin sheet of water returning down the beach
slope appeared to be split into diverging minor currents by
every patch of more compact sand or particle of coarser
material which impeded its progress, and the crossing of these
minor currents resulted in the criss-cross pattern in the sand.”

INTERFERENCE PATTERN UNDER RAPID FLOW,

The rhomboid pattern formed on sand looks very much like
an interference effect. Therefore, before describing the

Fig. 2. Schematic sketches showing wave impulses spreading from a

point, affected by various rates of flow. See text for explanation. After
Rehbock.

observed pattern in detail, there will be presented some gener-
alities concerning the waves which may form in water currents.
First of all, the distinction must be made hetween tranguil
flowe and rapid flow (Rehbock: 1930 ; Bakhmeteff: 1932). 1In
tranquil flow, the average velocity of the water is less than the
wave velocity for the given depth; in rapid flow it is greater
The effect on waves is shown in Fig. 2, after Rehbock. 17 :
pebble is tossed into quiet water, concentric waves are 1)1‘[1-
duced (A). 1f the water is in tranquil flow, the ripples are
distorted (B). If a certain critical velocity 1s equaled or
exceeded, the waves cannot be propagated upstream, but only
down (C and D). In D there is suggested a cause for the
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Ficurs 2. Diagonal bed patterns in a laboratory flume with large width to depth ratios

and with the flow nearly critical. () Froude number = 0-92, width to depth ratio = 24.
() Froude number = 0-83. width to depth ratio = 28-5. (¢) Froude number
width to depth ratio = 18.
U W 0 0 q 0 0 0 l
o o U W 0 g 0 0 |
kK 0 0 kR U W 0 0 |
| - I”V 1
e PE oy B o5 G = =
i\’ =| I-J'Iz U U |
- dx dz 0 0 0O 0 0 0 |
0 0 de dz 0 0 O 0
L0 0 0 0 dx dz 0 0 |
0 0 0 0 0 0 dx dz

{c)

P

Chang Simons |FM 70

Disturbances across which
flow is discontinuous

\< Regions within which
flow is continuous

Disturbance

Section A-4 E

Schematic drawing showing diagonal lines in shallow channel flow with Froude
number near unity.
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IPGP Saint-Maur
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apparition des chevrons (lecture en boucle)
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evolution of a periodic bed with an initial random noise
it gives inclined waves and rhomboid shape

Fourier/ non linearity ( ), periodicity in x et y
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Inclined ripples and diamond pattern

atfirst G o SN S

|
|

Fourier FFT/ non linearity ( §°), full periodicity
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Inclined ripples and diamond pattern

‘

—
At it ——————

D —
_--_

next

Fourier FFT/ non linearity ( §°), full periodicity
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comparisons mesurements vs theory
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Saint Venant
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problems with Saint Venant

up to now only qualitative results: realistic trends but:

Saint Venant is not enough precise for the bars...

Saint Venant is not good for the dunes...
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® introduction

® the problem

® the flow: Saint Venant and other
® first granular model

® first coupling: bars

® improved granular model: saturation length
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Going back to mass conservation

(what goes in) - (what goes out)

Kroy/ Hermann/ Sauermann 02, Lagree 03,Valance Langlois 05, Charru Hinch 06
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of _

ot =1

I = (érosion)-(déposition)
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I = (érosion)-(déposition)

-(déposition) o« —R

érosion o« (17 — 7y)
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4

(saf

94, df _ 9q
ox 14T s ot ox
qs = E(1 — 75)1

inspired from Sauerman Kroy Hermann 01:Andreotti Claudin Douady 02, Lagrée 03
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4

(|saf

Du Boy (1879) :
11

une fois une certaine quantité de matieres en mouvement sur le fond du lit, la vitesse des filets liquides devient trop faible pour entrainer
davantage : le cours d’eau est alors saturé. Un cours d’eau non sature tend a le devenir en entrainant une partie des matériaux qui

b))
composent son lit, et en choisissant de préférence les plus petits.
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® introduction

® the problem

® the flow: Saint Venant and other

® first granular model

® first coupling: bars

® imporved granular model: saturation length

® ripples
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we have an improved model for the bed

come back to the fluid
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=

.(0)
ReZ

0,00

We will focus on tt}

0,01

ose 2 re

e = 300

10

gimes
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Fr =010 I
10 Fr 050 — 1 K
Fr b= 1.00 ------
Fr k200 ——
5 L ]
71(0) |
%mnl)(o) 0
_5 L |
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1/3

F1G. 2.6 — Parties réelles (en haut) et parties imaginaires (en bas) de la perturbation du cisaillement au
fond renormalisée, pour Re = 300 et différentes valeurs de Fr.
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Viscous effects are important near the wall
Perturbation of a shear flow Non linear resolution (with flow separation)

possible
But first we linearise

It is called Double Deck (Triple Deck)
Introduced by Neiland 69 Stewartson 69 Smith 80...

U/
T = pUy(Ug(1 + (Vg\

f —§
® Fowler / fl/?’ )d€

)Y/3HE)),with & = FT Y FT[f]3Ai(0)(—(i2nk)U%) /3]
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Completely erodible soil, Linear Stability

Solution of
7 = TFY(34i(0))(—ik) /3T F[f]

ZS@—FC]:W(T—TS—Aﬁ)
Ox

ox
o9f _ 94

ot  Ox
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Completely erodible soil, Linear Stability
Re(c(k))

®
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0
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. 03;
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A =0, l;Increases
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Fourier
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the bed The shear stress
The flux
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flux is positive after the top of the ripple
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increase of the shear stress

erodible be(i

flux is positive after the top of the ripple
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increase of the shear stress
erosion

erodible be(i

flux is positive after the top of the ripple
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increase of the shear stress

7 erosion
decrease of the shear stress
deposition

erodible be(i

flux is positive after the top of the ripple
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fluid >

erodible bed \ \

This is an instability
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fluid >

erodible bed \ \

This is an instability
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fluid >

erodible bed \ \

This is an instability
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fluid >

erodible bed \ \

This is an instability
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numerical simulation FFT
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coarsening
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coarsening
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coarsening
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coarsening
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® introduction

® the problem

® the flow: Saint Venant and other

® first granular model

® first coupling: bars

® imporved granular model: saturation length
® ripples

® bars & ripples
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Saint-Venant
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Saint-Venant asymptotic
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Saint-Venant asymptotic

complete 3D linear stability approach

> Steady Orr Sommerfeld
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complete 3D linear stability approach
> Steady Orr Sommerfeld
Water surface

\ S———~_ i?i}
H
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complete 3D linear stability approach
> Steady Orr Sommerfeld

Fr2(iUk cos @ ug + U'u,) = —ikcosop + — 3 ( — kuy),

S
3 (u o k2uy)

s NS

g(ug \— k2u2)7

Fr2iUk cos ¢ uy, = —tksinpp+ -

FriUkcos pu, = —p' +

u, + ik(cos @ uy, +sing uy) =0

3.
U= 5@]@ COS © 1,
2 K2 } BC

=31+ uy, +ikcospu, =0, dksinpu, +u, =0, n—p+ -Su, =——1,

O lq
@—Qt/cge*_n —B—Dzk(Bn + kcosput’ + sin ¢ u, ):O,

0* = %(292 (u:,’ — 3ih*k cosgo) — 3ih™k cos ¢ (1 - 52) + Sed
Sh

Cq

(ut’ +2Sul’ — 3h*(1 + ik cos ¢ S)) )
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> Steady Orr Sommerfeld
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complete 3D linear stability approach
> Steady Orr Sommerfeld
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complete 3D linear stability approach
> Steady Orr Sommerfeld

0.06 - T I 7 Bars 1
0.05; ;> 30s I —<30s Ripples 7
004"
S 003"
002"
001°
000 L0 ]
0.0 05 1.0 15 20 25
F
O 00 O COO@ O 4L /
I o | 7
80 .
L (@) i
o 0O ®) 3 n b
@60 - ® o ;3 . % | ]
g S o 7° :
g 2 g, : o
240 © dI%@O ° . LTl o ©
8 @) 8 o @) d)@ @O@ 0 ® O
al o 4 al ' © © °9° 0 Bo wo )
20 + . 1 O &QD gDOoé)o
@) ) @8
I 0o
o o | * |
O | | | | | | | | | | | | | | | | | | O | | | | | | | | | | | | | | | | | | | |
0 20 40 60 80 0 1 2 3 4
Measured o Measured k

jeudi 8 avril 2010



Re = 300

FFIF]
[T

MR OoOO

71(0)
Re T;(O)

0,01 0,1

1 10

regimes

We fogused on those 2

—10 -

re. 22 Dteadv«Orr-Sommerfeld: « diemnet o

fond renormalisée, pour Re

0,001

0,01 0,1
k

300 et différentes valeurs de Fr.

k

1/3

jeudi 8 avril 2010



Re = 300 |/3

H—oi0. . _
Fr = 0,50 —— . I
Fr=1,00---- 14
Fr = 2,00 —— ]
10 | T, T
) Lo _- ---
71(0) B
%eT;(O) ................ / _-
A

coarsening of ripples

maximum size of dunes’?

jeudi 8 avril 2010



® introduction

® the problem

® the flow: Saint Venant and other

® first granular model

® first coupling: bars

® improved granular model: saturation length
® ripples

® bars & ripples

® conclusions perspectives

jeudi 8 avril 2010



conclusion
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-Saint Venant is a poor model
-need all the terms of Navier Stokes
-need a not to crude granular description

PATTERNS

Alternate bars

Rhomboid paterns
Lingoid bars

Ripples

Dunes
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to do

® non linear evolution of the rhomboid patterns
® full asymptotic description of the wavy bed

® other flows: sloping beach!?

® applications to practical configurations

® coupling with «gerris flow solvery
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