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ABSTRACT: Vortexripples are generat under pulsed flow. We observ: vortex ripples on verylong time
scale when the flow is stopped after an initialigubiof time used to generate the pattern. We oleséuwving
the oscillations decompactation of the granulaistake. This sub-compaction is relaxed on two tataes.
We compare this behaviour to a model used withgdayular material and give some insights into tbeep-
tial implications of this behaviour over geologisaknarios.

1. INTRODUCTION ferior to the initial value. So the vortex ripplase in

a decompacted state, and it is this sub-compaction
In general, the experiments and models about spplevhich is relaxed when the oscillations are stopped
focus on the interface description and not with th€Figure 1b).
the granular media itself. We present here a first.2 Observation
study on the evolution of compaction dynamics dur-W
ing the pattern formation. In most experimental sys
tems, this hypothesis of a granular material exghan

e produce a vortex ripples pattern with an ogeilla
ing flow over a granular planar surface. To observe

. ; 4 . the compaction phenomenon we use a binary spatio-
ing grains with the flow cannot be trialed, becaoke temporal diagram of the instability (Figure 2). We

the spa_tlal conflguratlons_ (for exa”!p'ez Ilnear_a&pp observe that after the forcing is halted, the cost
ratus with boundary conditions making impossible to

use mass conservation as an hypothesis) or insu (a) 3 ‘ ‘ ‘ — =
cient resolution of data acquisition regarding tr
evolution of the quantities involved. To study th
compaction phenomenon, we use the apparatus 25
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1.1 The zero-mode

initial value of a,

In order to study the compaction process, we use
zero-mode in Fourier decomposition of the signe % 1000 2000 3000 4000 5000 6000 7000
representing the mean height of the interface.&o s

. . . (b) 1.05 :
typical experiment, we observe (Figure 1a) that dt
ing the formation and coarsening of rolling-gragm: r
ples, during which the wavelenghhof the ripples
increases from its initial value, due to the coarsen- .
ing process and the compaction of the granularmza < -
rial increases versus its initial value. We vedfteat
this effect is not linked to the rolling-grain rigp

formation and is a remnant of our initializatioropr Oscillations
tocol for the interface which leaves a sub-compmhct halted
interface. When the vortex ripples appear with 0% o5 1 15 2 25 3 35

t(s) x 10*
gﬁe vortex ripples rounds and the space between rip
m(_es is filled with sand, decreasing the heighthaf

ripples.

higher A, by a nucleation and front propagatiol.
process which gives a jump of this parameter, th
compaction decreases and reaches a stable value
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Figure 1. 1la) Topical Evolution ofg,athe amplitude of the
zero-mode, representing the mean height of thefaae, dur-

ing an experiment at A =2 cm, f = 1 Hz 1b) Evalatof g be-

fore and after the oscillations are stopped in gesment at
A=2 cm, f=1 Hz with a preparation time of t=3600s

time scale for the compaction process at its begin-
ning, where most of the compaction happens, and a
slow relaxation process where the remaining part of
compaction takes place (Fig. 1b).

2.1 Results

2.1.1 Interpretation

To analyze the results, we use a model that has bee
derived for the compaction of a dry granular column
submitted to jamming by a hammeXagel et al)
This model can be interpretated by a reorganization
process of the granular materifdefh Naim et al)
The model in our adimensionalized form has three

parameters 1/a, the asymptotical value reached by
110 compaction,t the characteristic time for the short
20 26000 scale, and B, a coefficient. In our setup, we csa u
an equivalent formulation for compactiop) (be-
cause of grain  conservation: pO1/a,
andp,/ p, =a2la;. The adimensionalized model
takes the following form:
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2107 10° B | Fitting the model to the experimental data gives

time (s) after beginning of compaction gOOd agreement (Figure 4)
Figure 2. Binarized spatio-temporal diagram aftepging the
oscillations for an experiment at high shear, fHz2L A =5 cm,

dt = 3000 s. Figure 4. Evolution of mass fraction after the cawtpn

process begins, fitted with the model. Experimethtsie at
constant f = 1 Hz and varying amplitude.

1.3 Observation 2.1.2 Coefficients of the model

We produce a vortex ripples pattern with an odgeilla
ing flow over a granular planar surface. To observ
the compaction phenomenon we use a binary spati
temporal diagram of the instability (Figure 2). We
observe that after the forcing is halted, the cofst
the vortex ripples rounds and the space between ri
ples is filled with sand, decreasing the heighthaf
ripples.

me scale ist 010%s. The value of the other coef-
Icients is also stable for our amplitude range. We
observe that the asymptotical value of the compac-
ion is about stable and higher than the initiaheo
paction (g, ) of the grain heap

(ay/8, = p;/p,=12).

iVe observe that the characteristic tifoethe short
i

2 EXPERIMENTAL DATA

We make experiments at constant frequency and dif-
ferent amplitudes to study compaction for different
heap size, asl [1 Aand hA=constant=0.14 for vor-
tex ripples (seeKruithof&Wesfreid same confer-
ence). We also study the influence of the prepamati
time for an experiment close to the threshold of fo
mation of the ripples. We observe that after the os
cillations are stopped, the sub-compaction of worte
ripples is relaxed. We observe that there is atshor
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Direction of the flow .
— The pressure gradient forces a flow of water betwee

vortex the grains. This water is kept inside the heap Umexa

Current line without ———~_detachment  of the alternative pressure gradient generatechby t

dune r Q P, < P flow at each half-oscillation. The compaction oé th
heap diminishes (Figure 6).

— To assess this, visualizations on a long time sohle
a ripple heap has been done, which confirms the ex-

Symmetric flow implies symmetry of grain istence of flowing cells of grains inside the rigpl
movement if controlled by pressure

gr;ul r

3 CONSEQUENCES ON SEDIMENTATION
PROCESSES

We made precise experiments at a long time scale to

study the process of ripple decompaction and the re
Figure 5. Interpretation of the sub-compaction lé wortex laxation of this sub-compaction. We propose an in-
ripples. A pressure gradient is generated insigeripple at  terpretation for the compaction process, in terins o
each half-oscillation pressure gradient in underwater vortex ripplessin o
cillating flow.
Furthermore, experiments of the resilience of this
compaction were done at the laboratory and will be
The short time scale of granular compaction is-a represented in a forthcoming paper with extended

organization of the grain made possible by the |OW’5tudy of the compaction process.
compacity of the substrate. The long time scale re-

flects the slower reorganization when the compactREFERENCES
ness raises.

2.2 Granular interpretation
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ple produced by the recirculation (Figure 5)

Static grain heap without flow
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Grain heap submitted to pressure
gradient

Figure 6. Difference between a static heap andain dreap
submitted to pressure gradient.
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