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ABSTRACT |

MIGNOT, E., HURTHER, D., CHASSAGNEUX, F-X. and B\RNouD, J-M, 2009. A field study of the ripple vortex
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(Proceedings of the 10th International Coastal Sysiym), pg — pg. Lisbon, Portugal, ISBN

This paper presents an analysis of the field dallaated at the French Atlantic coast during the RS(project
on near-shore flow / sediment processes of maded-andy beaches. An Acoustic Doppler Velocityfifns

has been deployed in the macro tidal region in rotdeprofile the cross-shore and vertical flow \citp

components over a distance of 33cm above the lmeda Foderate wave climate, 5cm high ripples weengo
migrate across the acoustic beam in the shoaling.2d/e observe that the flow field in the near beglon is
strongly affected by the ripples. As previously atésed in the literature, two flow separation regicexist for
each ripple at each wave cycle: a first one onldheward face of the ripple just after the wavestand a
second one on the seaward face during the wavghrdthe vertical orbital velocity shows an inversiaf sign
during each separation and subsequent reattachphase. Moreover, the orbital stress is calculatedha
product of the measured cross-shore and vertitddabrvelocities. The characteristic pattern of tibital stress
field differs strongly for both faces of the ripplEinally, the transverse vorticity field also rele different
behaviors at each face of the ripple. The analystbe whole set of data reveals the consistenajisforbital

stress and vorticity organization, with more ineemalues encountered near the ripple crest.

ADITIONAL INDEX WORDS: Hydrodynamics, Sandy beach, Orbital stress

INTRODUCTION

Ripple-covered beds are common feature across tiiy seear-
shore regions. They appear in the flow regions whbe local
Froude number is around its critical value of oRer calm to
moderated wave climate conditions this region
corresponds to the shoaling zone on the seawaedofathe wave
breaking bar and to the internal surf zone afterghergetic wave
breaking region. In the swash zone however, ripateswiped out
because of the strong bed friction effects leadinthe wash load
regime. In the region where ripple formation ocgcuasmutual
interaction between the ripples and the oscillatboyv takes
place. The oscillatory flow makes the ripples migr&andward

are used: wave flumes ABNSHAW and REATED 1998, RREDSOE
et al. 1999, OrRMIERES and GHAPLIN 2004, NcHoLs and FOSTER
2007) and oscillatory flow tunnels AMDERWERF et al. 2007,
AHMED and 370 2001, AOMIRAAL et al., 2006). Moreover, the

dgual fipples on the bottom of the flumes are either meate (with a

fixed concrete pre-defined geometry) or self-mabidtifg the

sediment bed organizing itself). All these studasserve the
formation of two vortex at the seaward and landwares of the
ripple crest during the passage of the wave creswave trough,
respectively. These vortex are generated by the #eparation
process in the two alterning wake zones where ithi@er shape
presents strong bed slopes. Prior to both flowrsalephases at

(VANDERWERF et al., 2007) at a speed being one to two order §&ch wave cycle, the ripple vortex is then liftgrdue to negative

magnitudes lower than the applied wave velocitiesabise the
ripple shapes are only slightly modified at eactvevaycle. In
turn, the ripple strongly modifies the near-bed roglynamics
when flow separation occurs at one or both facethefripple
crests. In this case, turbulent energy is drasyitatreased in the
near-bed region and the associated ripple vortexaiement
enhances sediment resuspension and cross-shospdranf the
influence of bed ripples on the near-bed hydrodynarmas been
studied thoroughly in controlled laboratory conali$, its
observation and characterization in the nearshegiomn still
remains poorly documented. This is primarily duethe lack of
field deployable flow instrumentation with sufficie spatio-
temporal resolution to capture the co-located filymamics and
bed shape over an extended vertical region ab@vbet.
Therefore most of the flow data available in theerature
concern experimental studies in laboratory conadgievith high
resolution PIV or laser techniques. Two main typédacilities

velocity gradients giving rise to the so-calledpfrie vortex
entrainment” process into the water column.ic@dLs and
FosTER2007). Then, if the ripple wavelength is compaeabl the
wave excursion, the coherent vortex can travel tdsvathe
neighboring ripples where it can interact with thetex created
locally (EARNSHAW and GREATED 98, ADMIRAAL et al., 06). At
each oscillatory cycle, the most energetic vortegnss to be the
one over the lee face (landward side) of the ripple the wave
crest passes through with stronger onshore vedsciti
(VANDERWERF et al. 2007).

However, the experimental conditions in which poegly
described measurements are performed stronglyr diffen the
field conditions. The monochromatic wave field cargd to
wave field irregularity in nature, the simplified2shape of the
ripples, the simplified 1D cross-shore propagatingave
conditions in the absence of longshore current tdueravefront
incidence and/ or rip currents tend to oversimpttig near-bed
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Figure 1. Experimental devices shown at low tide

hydrodynamics. Whether the ripple vortex entraintrgitl occurs
in the much more complex field conditions and wha¢ the
impacts on the flow and sediment transport haseagbt into
evidence before it can be modeled in numerical
Consequently, during the last decade researchess stavted to
investigate the on-field near-bed hydrodynamicsrosippled

beds. ®YTH et al. (2002) used a Coherent Doppler Profiler t

measure the cross-shore and vertical velocitydigidhe lower 80
cm near the bed, under a water depth of 3-4 m.dJdifferent
velocity decomposition methods, the authors conptite orbital
and turbulent velocities and showed that the righlaracteristics
strongly affect these velocity fields.H&NG and HNES (2004)
used an ADV to measure the flow characteristicsuata® cm
above a rippled bed with 4m water depth and 1m vireight. The
authors observed a vortex generation on the stuss (seaward
side) of the ripple during the wave troughs withfsbbre
velocities, but they did not observe a vortex anlée face. The
authors give two possible reasons for this resulihe averaged
offshore return current in the vicinity of the bieshds to decrease
the maximal landward velocities (during wave crestsd ii) the
ripple geometric asymmetry which would tend to tzekarger
flow separation on the stoss face.

The velocity fields and vortex shedding processessto differ
between experimental and on-field measurements tdu¢he
additional complexity of the flow in real beach&he objective of
the present study is then to detail the hydrodynarof on-field
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Figure 2. Evolution of bed elevation

fisode

measured near-bed flow characteristics.

EXPERIMENTAL SET-UP AND DATA
ANALYSIS

The measurements presented below were collectethgdtine
ECORS field campaign €ESECHAL and ARDHUIN, 2008) in
March-April 2008 on the Truc-Vert sandy beach a #outhern
French Atlantic coast. Among other instruments, Agoustic
Doppler Velocity Profiler (ADVP, see WRTHER and LEMMIN
(2001, 2008) for a detailed description of its pifites, limitations
and performances) was deployed in the macro-tiegibn of the
beach in order to profile the cross-shore and carflow velocity
components in the near-bed region during high tidée data
analysed in the present paper correspond to a @0tensequence
(between 3.00 and 3.20 am UT) collected at higle fid the
morning of April 8" In this region of the beach, the flow and
beach profile is mainly 2D with negligible influemof the large-
scale 3D rip channel located at more than 80m ftm@rmeasuring
point. During this measurement sequence, the w@dgpth was
h=1.7mwith waves of significant wave height equale=0.5m
and a mean wave periots= 10s The ratioHs/h (being lower
than 0.5) shows that the data were collected irstiwaling zone
where rippled beds are often observed.

The ADVP (Figure 1) emitted vertical wave trainsfrefquency
f;=1MHz at a sampling frequency set to 15.6Hz. At eachetim
step, the cross-shore)(and vertical W) instantaneous velocity
components were measured simultaneously and atsémee
locations over a vertical profile of about 33cm otree bed with a
typical distance between each measurement volunne &g 3mm.
Due to wave velocities exceeding the maximal AD\&ouity
range, a simple dealiasing algorithm was necesfaryelocity
reconstruction. Moreover, the detection of the beloe allowed
to determine the evolution of bed elevation at Higlquency with
an accuracy of about 3mm. In the end, both thedbedation and
2D velocity profiles are available at high frequemwer bursts of
20 minutes each (only one is discussed herein}th&umore, a
pressure probe has been used to measure the wptlrayolution
due to waves and tidal excursion (see Figure 1).

At each elevation, both instantaneous zero meamciygl
signalsu andw were filtered using a low pass filter of 1Hz in
order to decompose the measured instantaneousitiedoas
follows:

u—(uy=0+u (6]

with <u> the time-averaged(] the orbital andu’ the turbulent

cross-shore velocity components. The uncertainty onbital
velocity related to the residual turbulent veloagitymponent is of
minor importance here since the ripple vortex pseds a quasi-
cyclic organized flow process at the intra-wavelescdn the
following figures, the cross-shore and vertical i@bvelocity
componenti and W are set positive (arrows to the right) for a
flow oriented onshore and towards the free surfaspectively.
The orbital stress is approximated as the prodfiche orbital
vertical and cross-shore velocity componefifg since the other

terms (GW) , (u)w, (w)i and u'w are neglected.
RESULTS

Bed elevation
Figure 2 presents the evolution of bed elevationinduthe 20
minute time-period. Two oscillation time scales abserved: i) a
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Figure 3. From top to bottom: water depth fluctoaty (1), verticalWw (2) and cross-shoré (3) orbital velocity fields and orbital stress
Gw (4) measured over the lee face (left) and sta=s (iaght) of a ripple.

small time scale of typical period equal to the ®&aperiod

revealing the impact of each wave on the bed dyosuand ii) a
long time scale of typical period=10.5min revealing the
presence of two ripples migrating across the agobstam of the
ADVP. The large time-scale evolution in Figure 28ammbles much
with the bed elevation evolution measured bwsAN and

MASSELINK (2008). The height of the ripples is seen to heaktp

17=5.5 cm, which is very close to Nielsen (1981) predictidmsa

typical wave heighHs=0.5m(/7'~6cm).

It can be seen in Figure 2 that as the ripples atéglandward,
the data measured during time periods t=[3;3.1] @8;3.27]
(respectively t=[3.1;3.18]) correspond to measums@ver the
stoss faces (respectively the lee face of the egplThe flow
analysis at these time periods then allows the foalysis over
both faces of the ripples.

Orbital velocity field and orbital stress

Previous experimental and field studies showedttiatelocity
field above a rippled bed is strongly influenced thne local
topography over a depth up to 5 times the rippighteFigure 3
presents the water surface elevation, the cros®sltiwe vertical
velocity fields and the orbital stress field ovegigen wave cycle
when the ADVP is above the lee face (left hansai®) stoss face
(right handside) of a ripple. It appears that thess-shore orbital

velocity profiles are well correlated with the watelepth
fluctuation 7 with stronger vertical gradient in the near-bed
region. For positive values (water depth larger than its mean
value), the flow is oriented landward and for nagat; values,
the flow is oriented seaward. Concerning the vaftieelocity
profiles, two distinct behaviors are observed.Ha tipper part of
the profiles £>0.3n), W is positive when the water depth
increases (from wave trough to wave crest) ancegative when
the water depth decreases following the linear wheery. On the
other hand, in the lowest 30cm of the flow (equewalto 5-6
ripple heights), the sign of the vertical velodaystrongly affected
by the presence of the ripple:

* Over the lee face of the ripple (Figure 3, lefthe vertical
velocity is negative prior to the wave crest withnmeaximum
negative velocity measured very close to the betlitais positive
prior to and during the wave trough with maximumsitive
velocity measured at the bed. This near-bed behawistrongly
linked with vortex shedding over the ripple: i) lafter the wave
crest, the landward flow separates from the bed theeripple lee
face with positive vertical velocities at the bei). During the
wave trough, the seaward flow climbs up along tee face with
still positive vertical velocities. iii) Finally, feer the trough-crest
flow reversal and at the wave crest, the landwéord tlescends
along the ripples lee face with negative vertioglogities until it
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Figure 5. From top to bottom: water depth fluctoatiy (1), orbital stres<iw (2), £2; (3) andQ, (4) vorticity terms measured over the
lee face (left) and stoss face (right) near thetavéa ripple (see Figure 2 for location with netgato ripples).

separates again after the following wave crest.

* Over the stoss face of the ripple (Figure 3, tjgthe vertical
velocity is positive during the wave trough andégative during
the wave crest (with maximum adverse velocitieseoled very
close to the bed). Again this near-bed behaviatrisngly linked
with vortex shedding over the ripple: i) Prior tadaduring the
wave trough, the seaward flow separates from tlk dwer the
ripple stoss face with positive vertical velociti&hen prior to and
during the wave crest the flow reattaches the bl megative
vertical velocities.

The inversion of sign of the vertical orbital valgccomponents
along the vertical profiles was already observedShyTH et al.
(2002, Figure 2b) over rippled beds, although it wat discussed
by the author and was not related to vortex sheddin

The direction of cross-shore velocity and uppetivalvelocity
fields are in fair agreement with the linear wakedry while the
direction of the near-bed vertical velocities igedmined by the
ripple vortex shedding. As a consequence, the airbitess sign
also becomes strongly influenced by the ripple ichpa near-bed
hydrodynamics:

* Figure 3 (left) shows that over the lee side lof tipple, two
upper positive and two near-bed negative orbitalsstregions are
observed during the wave period: i) at the toph&f measured
profile (z~0.3m), (iWw>0 prior to the wave crest (ad>0 and
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W>0) and prior to the wave trough (8is<O and Ww<0), while ii)
in the near-bed regiomjWw<0 prior to the wave crest (a$>0 and
W<0) and prior to the wave trough (&is<0 andW >0).

* Qver the ripple stoss face, one upper large pasiorbital
region and two near-bed negative orbital stressomsg are
observed during a wave period: i) at the top of theasured
profile, GW>0 prior to and during the wave trough (@s0 and
W<0), while ii) in the near-bed regionjWw<0 during the wave
trough (asli <0 andw>0) and during the wave crest (@s-0 and
W<0).

In the end, two flow separations are observed, @mrex each
ripple face occurring at the oscillatory half cyes described in
most experimental works. However, it is interestingnote that
the separation above the stoss-face is more intendereaches
higher elevations than the one over the lee faee [Egure 3).
This result differs from most experimental studydaosions but

is consistent with Chang and Hanes (2004) obsenstilescribed
above.

Transverse (longshore) vorticity field

As for the orbital stress, the vorticity field isangly affected
by the vortex shedding procceses over rippled bé&ts. local
tranverse (longshore) vorticity componeRtan be written as:
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Figure 6. idem Figure 5 near the trough of thelegpee Figure 2 for location with regards to rgs)!
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Q=Q,+Q, )
with Q, =90/dz and ) = _%" = _ﬁ%_‘:"
9

where x and z are the cross-shore and vertical direction
respectively anth=1.7m

Figure 4 shows the vorticity field measured oves the and
stoss faces of a ripple during the same wave pgasdn Figure 3.
It appears that in both case@>> Q,. 2, is linked to the cross-
shore velocity field and its behaviour is then samfor both faces

of the ripples:2,>0 below the wave crests as the cross-shore

velocity goes from zero at the bed to a strong tpesivalue
outside the boundary layer aw2{<0 below the wave troughs as
the cross-shore velocity goes from zero at the toed strong
negative value above. The strong positive and neg#2, values

at t=3.1228h in Figure 4 are only related to measurements

uncertainties neaz=0.12min Figure 3. Opositely, given thak/
field differs (see Figure 3) between the lee andsfaces of the
ripple, ©, field also differs. Over the ripple lee faa®; (near the
bed) is alternatively positive prior to the wavestt negative at
the wave crest, positive prior to crest-trough floewersal and
again negative during this flow reversal. Overtipple stoss face,
2, (near the bed) is alternatively positive after thmugh-crest
flow reversal and negative prior to and after ctemtigh flow
reversal. These signs are of course in directviitk the evolution
of W sign in the near-bed region described above.

Orbital stress and vorticity over longer periods

The objective of this last section is to check \hketthe specific
hydrodynamic observations observed above both fadethe
ripples in Figures 3 and 4 are consistent overtgog of wave and
any position along the ripple faces. Figures 5 &éndhow the
orbital stress and vorticity fields over longer ipds (typically 3
wave periods) when the measurement device is ldaaar the
ripple crest (Figure 5) and near the ripple tro(iglgure 6).

Figure 5 shows that the orbital stress and voytispecific
behaviour are consistent over the 3 wave periods) evith a
strongly irregular wave climate. The positive aredjative orbital
stress and vorticity regions appear in the samatilmes with
regards to the wave periods. For instance, overrifie stoss
face, both negative orbital stress regions encoedteear the bed
(during wave crest and wave trough) and the longjtive stress
observed in the upper measured profile (duringwhee trough)
are observed at each wave period.

Figure 6 reveals that this very active vortex sliegld
hydrodynamics near the crest of the ripples, is atscountered in
the near-ripple trough region. Nevertheless, thgmitade of the
orbital stress and vorticity terms are strongly uestl, which
confirms that the main vortex shedding region osatrthe crest
of the ripples and dissipates when traveling towtre ripple
troughs.

CONCLUSION

The aim of the present paper was to analyse th&tesde in
field conditions of the ripple vortex shedding pees over a
migrating rippled bed in the shoaling zone of a moaalal beach.
An Acoustic Doppler Velocity Profilers was deployéd the
macro tidal region of a sandy beach at the Frerttdm#ic coast in
order to profile the near-bed cross-shore andaoadrtiow velocity
fields. Two flow separations events have been alseas seen in
laboratory experiments: one on the landward (leege fof the
ripple just after the wave crest and the secondoonthe seaward

S

(stoss) face during the wave trough. Consequenthe
characteristic patterns of the orbital stress aodiocity fields
differ strongly for both faces of the ripple. Theadysis of the
whole set of data reveals the consistency of tiesepatterns for
irregular waves, with more intense values encoentarear the
crest of the ripples than near their troughs.
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