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Introduction

T

Bed load: transport of heavy sediment material by a fluid along an erodible
bed.

- Complexity

- Granular media
- Turbulent Flow

- Naturally instable

- At the onset of motion, the complexity is increased

10/03/16 GeoFlo Dresden 2016 | joris.heyman@univ-rennesl.fr 2127




Introduction

BUFFINGTON AND MONTGOMERY: REVIEW 1997
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— Large dispersion on the value of the stress « threshold» of particle
motion
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Houssais et al., Onset of sediment transport is a continuous transition driven by
fluid shear and granular creep. Nature communications, 2015

II-Bed load

Elevation z

I1-Creeping

Laminar flow (Re<3) ;
Small plastic beads St=Re o /0~ 10” Shear stress /<%
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BUFFINGTON AND MONTGOMERY: REVIEW 1997
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Clark et al., Onset and cessation of motion in hydrodynamically sheared granular
beds. Physical review E, 2015
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Heyman et al., Spatial correlations in bed load transport : Evidence, importance,
and modeling. Journal of Geophysical Research : Earth Surface, 2014
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Turbulent flow (Re>10%) (L) = 1 (L) > 1
Large grains, St= Re p,/p~1 0’

Clustering of particles
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r.. Motivations

What are the dominant transport

dynamics close to the motion threshold ?
- in the case of high Stokes number

Methods

> « Measurements at the grain scales (spatially and
temporally)
« Large data-sets (since transport is intermittent)
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d = 6.4 mm
Conveyor belt ws = 0.55 m/s
St,Re, ~ 10°
tanf < 0.1

Pump

Acquisition system:
2 cameras
200 frames/s
16 pixels/d,
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Méthodes expérimentales

Automated 1. Original Image — e Twer0ass
Particle Tracking Algorithm

(Available at
https://goo.gl/p4GbsR)

~ 40 sequences of 150 s
at 200 fps
(~1.2 million images)
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https://goo.gl/p4GbsR

Variables

Position (%)

i (t+1)—2,(t—1
Speed U,(t) = Tp(t+ 1) — Ty )

2At ’
Acceleration = . Tp(t+ 1)+ Zp(t — 1) — 27,(t)
ap(t) —
At?
) ﬁjﬁ/ Deposition
Entrainment

X

...and other variables : - water depth-average velocity and
shear velocity
- water depth
- bed elevation and slope ...
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On-board camera following a bedload particle

72ill = 0.83 m.s— 1 (g 2] t1r.s



A
75 L7 £
Results Fa

1) Kinematics

/
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Results / Particle velocity

Shear velocity Ux [Ws
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Results / Particle velocity

N(3.3,2. S
N(6.9,1.5) =
10-3 L. Exp(l.5) ~ ©o e 3
0 2 4 6 8 10 12

Gaussian-distributed particle velocities

(up> : Average particle velocity

: Standard deviation

Ws : Settling velocity

U :Average flow velocity

U :Shear velocity
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Résultats / Accélérations
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Résultats / Accélérations

PHYSICAL REVIEW E VOLUME 62, NUMBER 6

Dynamics of a grain on a sandpile model

L. Quartier, B. Andreotti, S. Douady, and A. Daerr
Laboratoire de Physique Statistique de I'ENS, 24 rue Lhomond, 75231 Paris Cedex 03, Fra.
(Received 5 June 2000)

The dynamics of a macroscopic grain rolling on an inclined plane composed of fixed identical
investigated both experimentally and theoretically. As real sand, the system exhibits an hysteretic

L T T L . N A s = | PR B, e m amMacs alerrnerm mbmamn Fam nmalaa 1

DECEMBER 2000

FIG. 12. Continuous model of the force globally acting on the
roller. The force is plotted as a function of velocity for different
angles: @=4° (long-dashed line), ¢= ¢, (solid line), ¢=14°
(dashed line), ¢=19° (dotted line), ¢=24° (dotted-dashed line),
and ¢= @, (solid line).
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Results / Deposition

T

Definitions :
Particle deposition rate : 7/p [s7]

Dimensionless Particle depositionrate: 7|, = T|p _w
S

Deposition events

T

distance

‘\K Entrainment events

time
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Results / Deposition

T

Dependence of deposition rate to shear velocity :
Mean deposition rate pdf of shear velocities at deposition sites

,
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Résultats / Déposition
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Results / Deposition

SN
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Results / Deposition

&
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Conclusions

A large experimental dataset of particle trajectories
(available online at hittps://goo.gl/p4GbsR )

Rep, St ~ 102, pp/pr =25, tanf ~0—30%

Close to the onset of motion

« 2 equilibrium particle velocities : 0 and the depth-average flow
velocity

« Deposition rates increase dramatically while decreasing flow
strength

« Trapping mainly govern particle deposition
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https://goo.gl/p4GbsR

Outlook

T

- Particle entrainment is triggered by particles in motion

||@|| = 0.00 m.s™! ||« || = 0.00 tr.s™!
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