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LONG-TERM GOALS

The long-term goal is to develop and verify models for fluid and sediment processes in the
swash zone.

OBJECTIVES
The specific objectives of these projects are to:

e measure swashzone fluid velocities at Scripps Beach in Fall 2000.
e collect laboratory observations of swashzone fluid velocities.

e test and improve numerical model predictions of swashzone fluid velocities.

APPROACH

Comparisons of field and laboratory observations with numerical model predictions are being
used to investigate swashzone processes, including the fluid velocities that are important to
sediment transport.

Even though runup excursions owing to random waves on a natural beach are predicted well by
a model (Rbreak) based on the vertically-averaged nonlinear shallow water equations with
quadratic bottom friction (Kobayashi et al. 1989, Raubenheimer et al. 1995), it is not clear
whether the cross-shore velocity « is predicted accurately. Field observations of the cross-shore
structure of cross-shore swashzone fluid velocities are being compared with predictions of
numerical models based on both the depth-averaged nonlinear shallow water equations
(RBREAK) and the Boussinesq equations (COULWAVE). The field observations also are being
used to investigate the vertical structure of the wave-induced flows. Laboratory observations of
flows owing to monochromatic waves are being used to characterize swashzone turbulence.
Future laboratory studies are planned to examine the cross-shore structure of these flows.

WORK COMPLETED

Surf- and swashzone waves and velocities were measured for 2 weeks during Fall 2000 along a
cross-shore transect extending from about 3-m water depth to the shoreline (Figure 1).
Downward-looking acoustic doppler velocimeters (ADV) were deployed at 5 cross-shore
locations and provided measurements at elevations above the bed = between 5 and 20 cm. Sets
of three horizontal-looking, vertically-stacked ADV probes were deployed at z = 2, 5, and 8 cm
at two cross-shore locations. During low tides, the swashzone sensors were adjusted vertically
to maintain approximately constant elevations above the bed. Pressure sensors, buried just
below sand level to measure wave and runup heights, were collocated with the velocimeters.
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Figure 1. Scripps Beach profile (solid curve, slope ~ 0.02) measured on Sep
28, 2000, and locations of acoustic doppler velocimeters (ADV, solid circles)
and pressure sensors (solid triangles). Sensors were deployed in mean water
depths -31.5, -14.5, -9.4, 6.1, 24.0, 82.9, 132.3, and 284.0 cm (negative

values are above mean sea level).

Particle Image Velocimetry (PIV) and Laser Doppler Velocimetry (LDV) measurements of
swashzone fluid velocities are being collected in a 32 m long, 0.6 m wide, 0.9 m deep wave tank
in the DeFrees Hydraulic Laboratory at Cornell University. The PIV technique directs the light
sheet into the measurement region from beneath the beach thus avoiding issues of free surface
diffraction effects. Fluorescent particles and an optical filter are used to ensure that only
particles, and not bubbles or free surface anomalies, are imaged. Preliminary measurements near
the still water shoreline location have been conducted for plunging and spilling type waves with
2 s wave periods on a smooth glass beach. Cross-shore and vertical velocities were observed at
15 Hz for 332 s and emsemble-averaged resolving 30 wave phases. The spatially and temporally
resolved velocity fields measured in plunging and spilling wave-driven swash zones are being
used to investigate the boundary layer structure of the mean and turbulent quantities as well as
the phase evolution of the bed shear stress, near-bed turbulent kinetic energy, and dissipation.

RESULTS

Field observations of the cross-shore structure of significant wave heights, root-mean-square
orbital velocities, and mean offshore-directed flows in the surf and swash zones are predicted
well by Rbreak. Wave heights decrease monotonically with decreasing water depth, whereas
orbital velocities and mean flows reach a local maximum near the outer swash zone. Velocity
asymmetry is sensitive to mean water depth (and cross-shore location) within the swash zone.
Therefore care should be taken when analyzing measurements collected at a single location.
Although sea-swell asymmetry is large and positive (suggesting strong onshore-directed
acceleration at the wave fronts), infragravity asymmetry decreases across the swash zone
becoming negative at the most onshore locations. The numerical model predicts qualitatively the
cross-shore structure of velocity-shapes. However, swashzone velocity skewness, uprush
velocities, and sea-swell asymmetry, which may be important to sediment transport, are
overpredicted.



The field and laboratory observations suggest that the cross-shore velocities are not uniform in
the vertical (Figure 2 shows examples from the field data), as assumed in the depth-averaged
nonlinear shallow water equations. Within about 5 cm of the bed, » decreases with decreasing z.
Results suggest that the vertical structure of the horizontal velocities observed in the field is
described reasonably well by a logarithmic profile, possibly related to a turbulent bottom
boundary layer. Estimates of the friction velocity suggest that the friction coefficient is roughly
0.02 in both the uprush and downrush, consistent with the best fit friction coefficient used in the
Rbreak predictions.
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Figure 2. Cross-shore velocities (positive is onshore) measured (A) on Oct 11
in the inner surf zone (depth ~ 26 ¢m) and (B) on Sep 30 in the swash zone
(depth ~ 11 e¢m) are observed to decrease towards the bed (with decreasing
z). For example, in the surf zone example shown, the maximum observed
downrush velocities were about -150 and -90 cm/s at 8 and 2 ¢cm above the
bed, respectively. In the swash zone, velocities are set equal to 0.0 cm/s when
a sensor 1s out of the water.

The PIV measurements of swash velocities owing to monochromatic incident waves indicate
that the turbulent structure of spilling and plunging wave-forced swash zones is similar,
suggesting that the turbulence characteristics that differentiate plunging and spilling breakers
disappear by the time that the bore reaches the swash zone. Consistent with previous research,
the uprush and downrush phases are not symmetric and are dominated by different turbulence
processes. The uprush and early downrush phases are dominated by bore-advected and
bore-generated turbulence that is considerably stronger than fully developed boundary layer
turbulence. The turbulence adjusts to the kinematic constraints at the boundaries, but the phase
(temporal) evolution of the kinetic energy budget is not fundamentally altered from that of
decaying unbounded grid turbulence. During the latter half of the downrush phase the bore
turbulence has decayed sufficiently and the wall boundary layer has grown sufficiently that
boundary-generated turbulence becomes the dominant source of kinetic energy. The velocity
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spectra show two distinct inertial subranges (Figure 3). We hypothesize that the high
wavenumber inertial subrange is the result of boundary layer processes that are dominant at the
end of the downrush phases while the lower wavenumber inertial subrange is the result of the
bore turbulence. The friction velocity is seen to have a strong phase dependence and can be
robustly estimated across all phases assuming a constant stress layer theory using a direct
calculation of the turbulent dissipation from the PIV velocity data.
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Figure 3. Normalized velocity spectra for the plunging wave case, showing
two distinct regions (atf =~ 0.06 and 0.30) in which the energy decays as
(e )7°/3, where k is the projection of the wavenumber on the x-direction and

n ts the Kolmogorov length scale.

IMPACT/APPLICATIONS

Validated models of wave runup velocities may provide spatially dense predictions of
cross-shore and alongshore swashzone flows to drive sediment transport models and to estimate
morphological change. It is expected that the observations and field-tested models discussed
here also will be useful to extend surfzone models into the swash zone. Evaluations of boundary
layer parameterizations may provide a basis for revising time-domain models that assume
quadratic bottom stresses.

The importance of bore turbulence relative to boundary layer turbulence during the uprush
supports previous results (Puleo et al. 2000) suggesting that swashzone sediment transport
models must account for bore processes, as well as bed-generated shear stress.

TRANSITIONS
RELATED PROJECTS
Observations from the in situ sensors in SwashX are being used to evaluate estimates of swash
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and surf zone velocities using drifters (W. Schmidt and R.T. Guza, Scripps Inst. Oceanography),
a video-based PIV technique (J. Puleo and T. Holland, Naval Research Laboratory), and
FOPAIR (G. Farquharson and S. Frasier, U. Mass. Dartmouth).

The SwashX observations also are being used by postdoctoral researcher Tim Maddux to drive
and evaluate models for swashzone sediment transport.

The laboratory observations of swashzone fluid velocities are being conducted and analyzed in
collaboration with E.A. Cowen and P.L.-F. Liu (Cornell Univ.). These studies are funded jointly
by ONR and NSF.
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