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A boundary layer interacting with a cavity is a
benchmark case that is present in environmental applications,
aeronautics, automobile aerodynamics or industrial
applications, where the velocity over a rectangular cavity is
relatively low. In the present investigation, the interaction
between a laminar boundary layer with external velocity Ue,
and an open cavity is investigated experimentally for
medium range Reynolds numbers (between 4600 and 18500)
with flow diagnostics optical methods, for a cavity aspect
ratio (length over depth) of two. A shear layer induces a
main vortex and a counter-rotating secondary vortex inside
the cavity (figure 1). The shear layer also develops
instabilities interacting with the downstream cavity edge.
Particle image velocimetry (PIV) and laser Doppler
velocimetry (LDV) measurements are synchronized in order
to get global information of both spatial velocity fields and
time-resolved signals in a particular position situated
downstream of the development of the shear layer above the
cavity (figure 2). The PIV system consists in a pulsed YAG
laser providing a 532 nm wavelength light sheet with a
maximum thickness of 0.25 mm. The LDV system uses the
blue (488 nm) wavelength of a continuous Argon-ion laser
in forward diffusion mode. The measurement volume is
placed 15 mm downstream of the cavity edge and 15 mm
above the flat plate. Flow seeding is provided by droplets of
di-n-octyl phtalate with an average diameter of 1 μm. In
order to get rid of the 488 nm wavelength in the recorded
images, a pass-band filter centered on the YAG wavelength
with a band width of 10 nm is mounted on the optical frame
of the camera. The PIV velocity fields are obtained from the
20 Hz recorded images by an optical flow algorithm using
dynamical programming.
Figure 3 shows the velocity field obtained for a
particular time (t= 4.3 s), where the LDV measurement point
is marked with an arrow. The analysis of the axial velocity
component for this location as a time-frequency spectrogram
is presented in figure 4. There is a switch between two LDV
flow measurement point 8 bit camera 1032 x 778 pixels with
pass-band filter pulsed YAG laser 30 mJ 532 nm plane
mirror 45° Ar++ continuous laser 5 W 488 nm LDV forward
diffusion reception head external flow shear layer secondary
vortex main vortex corner vortex frequencies (dashed lines
at f1 = 5.27 Hz and f2 = 8.43 Hz), corresponding to two shear
layer modes. The velocity field depicted in figure 3 is
associated with the vertical dotted line in the spectrogram
for the time t = 4.3 s, where only the first shear layer mode
(frequency f1) is present.
A synchronized system has been implemented between
LDV and PIV to provide both time signals and spatial
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information in order to correlate them. Each mode existing
in the axial velocity signal from LDV measurement is
identified on the PIV velocity fields as the development of a
linear instability in the shear layer. The goal is to provide an
experimental description of the flow features occurring with
the mode switching. Then it is possible to discriminate the
flow behavior between different causes: mode competition
or interaction between the shear layer and inner vortices.

Fig. 1 Experimental set-up

Fig. 2 Velocity field obtained for Ue = 0.89 m.s-1 and time
t = 4.3 s.

