
Fig. 2. Photographs of the test tank water surface exposed to
a centreline wind speed of 8.1 m s�1. Wind is from left to right. From
the top, conditions at 0.13, 2.45 and 4.35 m fetch

for wind speeds less than 3.1 m s�1). This work has not been
applied to the determination of surface tangential stress.

The strategy adopted within this study was that good flow
visualisation of the process of interest is absolutely funda-
mental to PIV work. Consequently, the focus within the early
part of the study was to obtain visualisations capable of
resolving the velocity shear within the linear sublayer. Because
there was no directional ambiguity within the surface skin flow
and its associated time scales were very short, a system based
on MPSF was pursued.

5
General experimental facilities and supporting
instrumentation
The wind-wave tank used for these studies was identical to that
used by Banner (1990). The tank dimensions were: length 8 m,
width 220 mm and height 620 mm. For the experiments
described here, the total water depth was 200 mm. The
maximum available fetch was 4.35 m (determined by a rigid
instrumentation mount adjacent to the tank). Shorter fetches
were achieved by shielding the water surface from the wind.
A fan was fitted to the air cavity inlet coupled with appropriate
flow alignment downwind to provide a symmetrical velocity
distribution across the cavity within the tank. The tank roof
was adjustable and modified to provide a zero pressure
gradient in the vicinity of the test section.

At the shortest fetch tested (0.13 m), no waves were present.
Waves developed with fetch for each of the wind speeds
investigated. Figure 2 shows the wave conditions in the tank
for a range of fetches at the highest wind speed tested.

To provide a context to the measurements described later,
it was essential that conditions at the measurement site be
documented. Specifically, the local wave and mean water level
conditions as well as the total stress applied by the air to the
water had to be quantified.

A calibrated capacitance wave probe was located at the test
site and sampled using a PC-based analogue-to-digital
converter at a sampling rate of 1000 Hz. The recorded water
levels were used to compute the local set up for the total stress
measurements, mean wavelet profiles and breaking statistics
for the test conditions.

Estimates of the total wind stress were derived from air
velocity profiles using a pitot tube and micromanometer.
A pitot tube with outside diameter 2.4 mm mounted through
the roof of the tank was connected to a Datametrics barocel
micromanometer. The pitot total orifice was referenced to
the still water level and to the dynamic mean water level via
previously obtained measurements by the capacitance wave
probe of local set up. Standard logarithmic velocity profiles
fitted to near surface velocity measurements were used to
determine the total stress applied by the wind to the water.

6
Flow visualisation and near surface stress measurement
There are four essential system components to any PIV
application: a suitable light sheet; fluid tracers; velocity field
imaging; and, an analysis technique for the acquired images. In
this application, the location of the measurement relative to
the wave form was also critical. Both the phase point of the
measurement and the precise position of each velocity value

relative to the water surface had to be determined. The final
arrangement is described in the following sections.

Light sheet generation
Light sheets are thin planes of light directed through
a transparent fluid. These are most simply formed by using
cylindrical lenses to spread a laser beam in one direction. It is
essential that the light sheet be modulated to ensure that
imaged particle streak length is a function of fluid velocity and
not the motion of the particle normal to the sheet (Agüı́ and
Jiménez 1987).

Alternatively, as discussed in detail by Rockwell et al. (1993),
light sheets can also be formed by scanning a continuous
wavelength laser through the fluid. By this method, the total
power of the laser can be used to illuminate the particles
thereby providing a desirable intense point image. Fluid
motion is indicated by capturing multiple scans of the beam.
Three primary laser scanning devices are available: rotating
polygonal mirrors; oscillating mirrors; and, acousto-optic
deflectors.

Within this study, an enhancement to the rotating polygonal
mirror system was implemented which enabled a burst
consisting of precisely four pulses of short duty cycle to be
generated with a much longer period between each burst. This
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