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Introduction
[

Introduction - Context

During bedload transport :
= Necessity to estimate sediment flux
m Poorly sorted sediment — size sorting
= Impact on the sediment flux. Which one ? Are we able to characterise them ?

Pictures of armouring on the field resulting from size-segregation
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Numerical Model

Discrete Element Method (DEM) coupled with a 1D turbulent fluid model
(Maurin et al. 2015, 2016) :

= DEM (code YADE) : Lagragian method based on contact between
particles

m Fluid : 1D vertical turbulent fluid flow based on mixing length
closure

Granular phase, for each particle p :
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Granular phase, for each particle p :

2 . Reynolds shear stress :
g =TT 7
d
dcP ~ Réz = Pth %
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Numerical Model

Discrete Element Method (DEM) coupled with a 1D turbulent fluid model
(Maurin et al. 2015, 2016) :

m DEM (code YADE) : Lagragian method based on contact between
particles N

m Fluid : 1D vertical turbulent fluid flow based on mixing length
closure

Granular phase, for each particle p :

d2zp . . Coupling with particles through the drag
m? a2 :ff+f§”rf,)Z force
diP - .
IP— =T =Z. x f¢
7 Te X f¢
Fluid phase :
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Numerical Model
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Numerical setup

Geometrical parameters :
= 3D bi-periodic domain
= Slope : 10%
® d;/ds =2 (6 mm/3 mm)
mH= Sdl

]

. . _ ‘I'f
Shields Number : 6 = P =pNeds

(c) Monodisperse
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Numerical Model
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Simulations
— &
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p . : .
m v} : exponential decrease with depth = Total concentration : ¢ = ¢ + ¢,

Transport rate :
Qs = / PvPdz
z
Qs

Qs = —, d : mean surface diameter
V(P [pf = T)gcos(a)d?
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Transport. Comparison Monodisperse and N; = 2

—— N=2 g
—4— N=4 ’2_‘,:’._
—#— Monodisperse Prtad . i
PR Comparison Mono, N; = 2 :
* -’
Qs //:/:/ u Q;mono = 15.77©1-88
+ P
100 //-z;__;’ ™ Q;«NQ — 21.59@1.88
e .
_‘_/;;’ m Transport 37% more efficient
107! 2x1071  3x10714x1071  6x1071
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Transport. Comparison Monodisperse and N; = 2

N =2 I d
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Comparison Mono, N; = 2:
u Q*mono =15 77@1.88
x .
m QN2 =21.5901-88
m Transport 37% more efficient

m Local transport : ¢¢ = ¢l

m Both small and large particlesare
transported
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Transport law
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Transport. Comparison Monodisperse and N; = 4

—— =2 g
—— N=4 o
—# Monodisperse /e'_/ Comparison Mono, N; =4 :
7
Q 2 = Small shield : no effect
‘oo . . .
100 P ® Big shield : big effect
7
/;2’ ® = depth of interface small/large
inrid important
10-1 2x 1071 3x 1071 4x 1071 6x 1071
e
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Transport law
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Transport. Comparison Monodisperse and NN,
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—— ,_ 2/'{;
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m Local transport : ¢¢ = ¢l
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Transport law
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Transport. Comparison Monodisperse and NN,
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Transport law
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Small conclusion

Summary :
m Model : reproduce an increase of mobility in bidisperse case
m Small particles need to be transported
= Small and large particles take part of the increase

Why are small particles sometimes transported ?
m Fluid effect : fluid shear stress sufficient to transport small particles ?
m Granular effect : how, what effect ?
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Effect
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Fluid effect ?

o

T 7 )dS,dlocaI diameter
pP/pl —1)gcos(a

Dimensionless fluid shear stress : 7* =

— ¢
0.08 0.08 &
0.06 1 0.061 — ¢
E £
~ 0.041 ~ 0.04
0.02 0.02
0.030 f T T
0.001 0000 0002 0004 0.001
0.0 0.1 0.2 0.3 0.0 0.2 0.4 0.6
™ ¢,‘

7F* too small to be responsible for the mobility of small particles.
Not a fluid effect = granular effect
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Effect
0®@00000

wu(I) rheology

(1) rheology makes a link between :
m the stress state of a granular material (1 = 77/ PP)
m the dynamical state of the granular media (I)
Inertial number : [

d'y tmicro u+d a tmicro =
I=—== : N
e, GOS8 000

GDR midi (2004) :
B u < ps :no motion (for glass ps = 0.38)
B> ps i p= pu(l) (bijection)
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Effect
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Granular stress state

© = 0.3, comparison monodisperse and N; = 2 configuration.

=—— Monodisperse

0.081 N =2 m Same stress state in both configurations

0 100 200 300 400
TP, PP (Pa)
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Effect
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Granular stress state

© = 0.3, comparison monodisperse and N; = 2 configuration.

m Same stress state in both configurations

0.08 . -
® = L, same friction coefficient

0.06 m (1) rheology : same I
%0.04 u Imono:IJ\.1'2 .
= diYmono _ dyn2
0.02 —— Monodisperse Vv Pp/pp Vv Pp/pp
— N=2 . d .
0.00 = 71\72 = *'Ymono
00 02 04 06 08 1.0 d

u
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Effect
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Application of x(I) rheology

m First zone (0 < z < z1) : p < ps NO Motion

0.081 — Ni=2
Monodisperse
0.061
E
~ 0.04
0.021 (
0.00¢!
0.0 0.5 1.0

Ve (m/s)
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Application of x(I) rheology

m First zone (0 < z < z1) : p < ps NO Motion
d
m Second zone (z1 < z < 22) I YN2 = dfl"ymono = 2%¥mono
S
= UNQ(Z) - UN2(21) = 2(vm0no(z) - Umono(zl))

UN2 = 2Umono
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E
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Application of x(I) rheology

m First zone (0 < z < z1) : p < ps NO Motion
d
m Second zone (z1 < z < 22) I YN2 = dfl"ymono = 2%¥mono
S
= UNQ(Z) - UN2(21) = 2('Um,a'no(z) - Umono(zl))

UN2 = 2Umono

m Third zone (z2 < 2) : YN2 = Fmono = VN2(2) — UN2(22) = Vmono(2) — Vmono(22)

UN2 = Umono + AU(ZQ)
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0.06
E
~ 0.04

0.02 Ny =2

——— Monodisperse
0.00
0.0 0.5 1.0
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Effect
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Conclusions

—— N=2 g

N =4 _":_._
—— Monodisperse 2

101 2x107  3x107ax107  6x 107!
€]
Increased mobility : granular effect
Can be explained by the p(I) rheology
Small particle are more mobile due to rheological effect
Boundary problem for the large particles at the top
If interface large/small is below the limit u = us : no effect
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Perspective 1

m Make a idealized 3 layers model : small no moving, small in motion, large in motion
m Compute width of the small particles layer in motion

m Estimate slip velocity

m Estimate the enhanced sediment transport
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Perspective 2

Is there a modification of the rheology due to the small particles ?
Same p = Same I ?

0.08

0.06

—

E
~ 0.04

0.02

0.00
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