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Verification of the Sleath criterion for sand ripplin pulsed flow
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ABSTRACT: In 1984, Sleath proposed an empiricadlecion to distinguish rolling-grain ripples from nex
ripples. Very precise experiments have been coeduct the laboratory to study the transition betweasl-
ing grain and vortex. In these experiments, we iconfhe validity of the criterion and we proposeexpla-
nation for the maximum value of the apparent slope.

On Figure 1, we can also observe that the rolling
1. INTRODUCTION grain ripples are peaked structure (maximum slope
near the summit of the ripples), as the vortexlepp
Sand ripples produced by fluid oscillations are ofare smoother, as the maximum slope is far from rip-
two types. The first type are very small ones,pici ple’s crest.
ent, called rolling-grain ripples, occurring in thery
initial stages of interface deformation. After artr 11E : tal set d data treat ¢
sient regime, the second type of ripples, the $eg¢ta Xperimental Setup and data treatmen
vortex ripples, which are ripples of large amplgud We use the setup that has been described in Rous-
and large height producing a detached inertialexort seaux et al. (1999) to produce underwater sand rip-
at each side of the ripple at each half oscillategm  ples by flow oscillations in the laboratory. Moreoy
pear. Modern experiments (Stegner et al. 1999) corwe have made modifications to ensure a higher spa-
firm that the initial incipient rolling grain rippk are tial and temporal resolution of the experiments. We
a transitory regime evolving with time toward theuse an annular cell of diameter 13 cm and gap 2 cm
vortex ripples regime after a brutal change in hieig and height 9 cm over a rotating axis. The platél-osc
and wavelength of the ripples. late with amplitudeA and frequency. As a granular
In 1984, Sleath proposed the following criterion tomaterial, we use glass beads of diameter between
distinguish rolling grain ripples from vortex rigd 224-250um. To get a statistical collection of meas-
(Fig. 1): wherh, the height of the ripples ov&r the urements about ripples, we need a high spatial and
wavelength of the ripple, i/ A < 0.1 then the rip- temporal resolution. To achieve this, we use a cam-
ple is a rolling-grain ripple, else /A > Qfe rip- era in front of the experimental cell in macro mode
ple is a vortex ripple. This criterion, for the apent and we stop the oscillations periodically. Then, we
slope, must not be mistaken with the maximunrotate the apparatus at slow speed and record a
slope of the ripples (Fig. 1). movie. The vertical resolution is fixed by the caee
and the horizontal resolution is controlled witte th
Rolling grain ripples h/\ < 0.1 speed of the tank while recording. We reach a apati
resolution of 160um/pixel for the vertical and the
horizontal scale. Ripples with a different shape ca
grow if the apparatus is violently stopped or rdsth
(Caps et al. 2004). To avoid this we use a linear
varying envelope for amplitude of oscillations over
10 oscillations when we start or stop the apparatus
equal time intervalglt. We have verified that this
does not impact the dynamics of the ripples by fol-
lowing some representative variables of the evolu-
tion of the ripples likeA and &, the mean local
maximum slope of the ripples. We gather local in-
formation about ripple height of each half-ripple
h measured by the difference of y-position between
a maximum and a consecutive minimum, and local

Figure 1. Definition of Sleath criterion for rolfingrain and
vortex ripples.
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wavelengthl, measured by 2*(difference of x- tex ripples. The Sleath criterion is therefore con-
position between a maximum and a consecutivirmed by these experiments.

minimum). We gather information about the left andin Figure 4, we plot the Sleath parameter measured
right side of the ripple and we extract statisticel over all experiments. We observed that its maximum
formation about each ripple. This criterion must novalue never exceedsMjax = 0.14. We observe that
be mistaken with local maximum slope of the rip-the criterion is not relevant globally for the mod-

ples. grain ripples, but is valuable locally.

1.2 Results T T T T i

451+

We can mesure the value of the local slope and tt
local Sleath apparent slope for each ripple. Weanak
10 experiments with fixed parameters (A =2 cm, f= s}
1 Hz, dt = 50 s,sita = 7200 s) to gather a meaning
statistical collection of measurements. In Figure 2
we show a spatio-temporal diagram of the value c & E 2
these slopes for each ripple in the experiment.
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Figure 3. Cumulative &- diagram integrated over time and
over all experiments at (f = 1 Hz, A = 2 cm). Thasked line

represents RE0.1. The red points are calculated on the left

side of the ripple, respectively blue on the rigide.
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0 The mean apparent angle defined by this critemon i

7000 the final stage of the ripple growth (Fig. 2)
C T o d 3" = Arctan(2h/ A) =15deg is inferior to the

- ' measured static avalanche slope angle of our granu-
o4 lar material :®_ ..o = 30 deg
012 In Figure 4, we show the mean value of Sleath-crite
rion versus time for repeated experiment with con-
- stant parameters.
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Figure 2. Spatio-temporal diagram, for an experimagrf = 1 oal i -
Hz, A = 2 cm., (top) of the slope normalised bylamche  —
slope (bottom) of the Sleath apparent slope caledlfor each %‘ 0.08
ripple 3 i
ng araim o " AT
We observe that the front between rolling grain rip
ples and vortex ripples is well pinned out by tbe | 004 |||||||||||| I

cal change of value ofi / A,. To verify that this re-
sult is not dependant on the oscillation parameter:
we have performed experiments at different ampli ‘ . ‘ . ‘ ‘ .
tUdeS and frequenCIGS 0 1000 2000 3000 t(s)4000 5000 6000 7000
In Figure 3, we show the accumulation over time andigure 4. Sleath apparent slope versus time fapaated ex-
over all experiments ofA,h) points corresponding perimentat A=2 cm, f=1 Hz.

to all the ripples. We observe that the line h £ 0.

A (£ 5%) line corresponding to the Sleath criterion

distinguishes correctly rolling grain ripples frosor-
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1.3 Discussion of the results

The Sleath criterion is related to the form faabbr
the ripples. The coefficient is not derived from
physical considerations. This coefficient seembeo
linked to the length of the recirculation zong)lof
the flow past the ripple at each half-oscillatidlar-
mally, in laminar regime, the length of the reclecu
tion zone grows with the hydrodynamical Reynolds
numberRe In turbulent regime, this length is con-
stant versus Re : in the case of a backward-facing
step the asymptotic value is;, =7h (Armaly et al.
1983). It is clear that d.cannot exceed the distance
between two ripplesA] : Ly <A. This condition
gives a maximum Sleath apparent sld&ie< 0.14,
(with the value of Armaly et al.) which is compaéb
with our results (Fig. 4).

2 CONCLUSION

In this paper, we have verified the validity of the
Sleath criterion to discriminate rolling grain from
vortex ripples. This distinction is very preciseirf
thermore, we found that the Sleath apparent slope =
0.14 for vortex ripples and is a very stable value.
This differs from previous investigations where
Sleath = 0.2 for vortex ripples. This is due to the
resolution of measurements and consequence of
automation which enable gathering of meaningful
statistical data.
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