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ABSTRACT

Large-scale laboratory experiments on bottom gravity currents and stratified exchange flows have been conducted
at the CNRS Coriolis Rotating Platform at LEGI. Both rotating and non-rotating experiments were performed in a
trapezoidal cross section channel and different configurations were considered by varying both the upper fresh
water volume fluxes and the channel rotation rates. Detailed velocity fields were measured by 2D Particle Image
Velocimetry in different vertical planes spanning the width of the channel. Results highlight the role that both
ambient rotation and net-barotropic forcing have on the geostrophic adjustment of the dense outflowing. As the
rotation rate increases, the tilt of the interface between lower salty and upper fresh water flow increases,
generating a meandering pattern within the salty layer along the trapezoidal channel.
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1 INTRODUCTION

Bottom gravity currents and stratified exchange flows develop in submerged channels, such as sea straits and
estuaries, when two water masses with horizontal density differences (i.e. baroclinic forcing) or pressure
gradient (i.e. barotropic forcing), meet. Earth rotation can affect the flow dynamics by introducing a geostrophic
adjustment of the internal fluid flow, with resulting cross channel variations in velocity and density profiles, and
by inducing secondary flows (Cossu et al., 2010; Cuthbertson et al., 2011). Additionally, the nature of these
buoyancy-driven flows depends on strong topographic controls imposed by seafloor bathymetry and channel
shape, playing a significant role in flow dynamics (Laanearu et al., 2014; De Falco et al., 2020). In the present
study, the behavior of bottom gravity currents and stratified exchange flows along a trapezoidal-shaped channel
is investigated to determine the relative influence of the net-barotropic forcing and Coriolis forces on the lateral
distribution of the (counter-) flowing water masses. The experimental apparatus and the exchange flow
dynamics at the interface, with particular focus on the observed lateral variations in cross-channel dense
interface are discussed.

2 EXPERIMENTAL APPARATUS

The experiments were conducted in the CNRS Coriolis Rotating Platform a 13 m in diameter and 1.2 m deep
circular tank with a rotation period that can be rotated in a anti-clockwise or clockwise direction at a constant
angular velocity Q to simulate the Coriolis forces experienced in the Northern and Southern hemispheres. The
rotation of the Coriolis Platform was varied with four angular velocities Q tested (i.e. Q= 0,0.05,0.1,0.2 rad-s™).
Bottom gravity currents and stratified exchange flows of a saline solution and fresh water were reproduced in a
trapezoidal cross section channel, 6.5 m long placed in the center of the platform (Figure 1a). The channel had
a 2.0 m top and 1.0 m bottom width and a total depth of 0.5 m with side slopes of as=45°. Two slopes with
apb=26.57° connected the channel to the inlet saline water basin (B), and the outlet fresh water basin (A). The
circular tank was filled with fresh water at initial density pr in order to have in the channel the submergence
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depth Hen=0.4 m. A constant saline water discharge Q2=4.4 |/s at density ps, was then fed into basin B to
establish a stable, bottom gravity current along the trapezoidal channel. Two water pumps in the upper part of
Basin B were employed to provide a constant fresh water flux Q1, which was increased over a range of values
(Q1=0, 8, 20 I-s™, i.e. g*= Q1/Q2=0, 1.8, 4.5), to generate a stratified exchange flow. Two-dimensional Particle
Image Velocimetry (PIV) was used to obtain high temporal and spatial resolution velocity fields across the
channel, within a central 1 m-long section of the channel (Figure 1a). In particular, the velocity fields were
acquired in 11 vertical sections (XZ) at lateral positions ranging between -79.2 cm <y < 20.8 cm (Figure 1b).
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Figure 1. (a) 3D schematic representation of the trapezoidal cross section channel placed in the Coriolis
Rotating Platform. (b) Trapezoidal channel side view and PIV fields of view (green vertical lines).

3 RESULTS

Detailed information on the spatial flow structure of the upper and lower layers across the channel were obtained
by PIV measurements. In particular, the cross channel variation in zero-velocity interface elevation is shown in
Figure 2 in the measured PIV sections for the three g* values tested.
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Figure 2. Cross channel zero-velocity interface, for different g* and angular velocity (a) Q=0 rad-s™' and (b)

Q=0.05 rad-s™.

The non-rotating experiments (Figure 2a) are compared with the experiments with an angular velocity Q=0.05
rad-s (Figure 2b). For Q=0 rad-s™, the increasing upper fresh water flow (i.e. increasing g*) causes the
reduction of the lower layer thickness (Figure 2a) defined as the zero-velocity interface. Whereas, when the
angular rotation Q plays a key role in the counter-flowing water masses (i.e. for Q =0.05 rad-s™', Figure 2b), a
tilt in the interface is observed and is coupled with the effect of the increasing q*, causing a significant deflection
of the saline outflow on the right hand side of the trapezoidal channel. In conclusion, the rotation causes the
deflection of the current to the right hand side of the trapezoidal channel and the exchange flows are
geostrophically adjusted to the channel rotation. In the rotating stratified exchange flows, the coupled effect of
an increase of both rotation and upper fresh water flow enhances the tilt of the interface up to generate a
meandering pattern in the trapezoidal channel.
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