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for a given element size at a specific surface location occurred as the
tunnel speed was increased and the boundary-layer thickness was
reduced. Many of the elements tested exhibited this behavior, with
the downstream movement of transition starting at higher Rek and
k/8 as the element location approached the leading edge.
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Introduction

T HIS Note reports on a study of pressure fluctuations at the exit
of a two-dimensional jet confined in a rectangular cavity. Ex-

perimental observations were made for various Reynolds numbers
and cavity lengths. The results show an initial weak oscillation at
lower Reynolds numbers followed by a strong self-sustained oscil-
lation regime at higher Reynolds numbers, eventually perturbed by
a noisy background. The main findings of this Note are an amplitude
hysteresis between the frequency stages and a transition in the flow
type behavior from convectively unstable to absolutely unstable. For
a selection of related works, the reader is referred to Refs. 1-10.

Experimental Setup
The experimental configuration composed a gravity-driven water

flow discharging into the horizontal cavity. The cavity (Fig. 1) was
a parallelepipedic chamber 10 cm wide and 2.5 cm high. Its length
L was selected by moving the right-hand end wall. At the middle
height of the cavity, the jet had a uniform velocity profile over about
70% of its width. The Reynolds number Re was based on the inflow
characteristics at the point of the expansion, i.e., nozzle width of 0.4
cm, mean velocity Um obtained as the flow rate divided by a nozzle
section 2.5 x 0.4 cm2, and a dynamic viscosity of 1.05 x 10~3

Pa • s. The flow rate was regulated with two precision needle valve
rotameters, placed after the jet chamber to avoid perturbations in
the flow. Two rotameters, Vogtlin VI00-300 09 and VI00-300 12,
of 1% accuracy were used. Errors in viscosity and velocity induced
an error of approximately 5% on the Reynolds number.

A variable reluctance pressure transducer Validyne type DP-103-
10-N1S4D was used. The detecting holes were placed at half of the
height of the cavity and 0.2 cm away from the exit contraction corner,
as shown in Fig. 1. The transducer was associated with a Validyne
CD15 carrier demodulator (1-V output signal for 8.63-Pa differen-
tial pressure). This signal was sent to a Fourier analyzer Scientific-
Atlanta SD380. The flow rate was varied in steps of 0.28 cm3/s, in
either increasing or decreasing sequences. At each step, once the
flow was stabilized, 500 pressure-spectra samples were averaged.
Visualization of the flow was performed simultaneously by inject-
ing fluorescein dye. Results will be discussed for L = 5 cm and
L = 1 cm, but for brevity, only the experiments for L = 1 cm will
be shown in the figures.

Results and Discussion
Spectra Analysis and Nature of the Oscillations

Figure 2 shows several pressure spectra observed for L — 1 cm
at different Reynolds numbers. For the longer cavities studied
(L > 6 cm), the jet oscillation started at small flow rates (Re ~ 160)
with a low-frequency fL lying in the ~0.3-0.4 Hz range. The os-
cillation at this frequency had a small amplitude, and the spectrum
also contained harmonics, notably, 2fL. As the Reynolds number
was increased, these peaks grew and broadened. This broad spec-
trum is characteristic of a convective instability in open flows.11

For a specific flow rate (Re ~ 210) that depended on the cavity
length the spectrum suddenly concentrated on one sharp peak f\ of
a considerably higher amplitude. It seemed that the feedback was
then synchronized with the instability wave, thus corresponding to
self-sustained oscillating behavior.12 Such an abrupt change in the
peak width is similar to that observed by Babcock et al.13 for a
Taylor-Couette experiment with an axial flow.

In previous studies just using visualization methods,14'15 it was
shown that only time-periodic discrete frequencies could be ob-
served and could be associated with different integer modes n, scal-
ing L to the wavelength A according to the well-known Brown-
Curle16~18 phenomenological relation2'3 A = L/(n + |). In Fig. 2,
the intense peak at frequency f\ for Re ~ 210 corresponds to the
wavelength of mode n = 3 for L = 1 cm (n = 2 for L = 5 cm).
As the Reynolds number was increased, the frequency f{ increased
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Fig. 1 Cavity geometry and differential pressure detection: pressure
detector (P.d.) and spectrum analyzer (S.a.).


