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Experiments are performed within a specially constructed rectangular channel sited within the 

newly built large diameter Coriolis Rotating Platform II at LEGI Grenoble. Both rigid and 

erodible obstructions, having idealized trapezoidal cross-section with smoothed edges, are 

considered. Experimental measurements focus on obtaining high-resolution velocity and 

density profiles in the vicinity of the obstruction to observe and quantify the internal mixing 

and near-bed dynamics generated by exchange flows under both rotating and non-rotating 

conditions. It is anticipated that this study will result in improved understanding of parametric 

controls on interfacial mixing and entrainment/detrainment processes for restricted exchange 

flows in silled fjordic basins, as well as boundary layer processes associated with sediment 

transport and bed morphological changes encountered in semi-enclosed estuaries. 

 
1. INTRODUCTION 

The presence of natural topographic flow obstructions can have significant implications for the 

intrusion of saline marine waters into semi-enclosed estuarine impoundments or fjordic basins. Some 

estuaries are therefore completely blocked from saline marine water intrusion into the river basin, 

while others are strongly influenced by saline water circulations in the river mouth, with restricted 

intrusion into the estuary basin flowing in the opposite direction to the overlying freshwater outflow 

layer (Sargent & Jirka, 1988). Such bi-directional flows can lead to significant depthwise variations 

and strong gradients in velocity and density profiles, yielding high gradient Richardson numbers. 

Turbulent fluxes within the strong interfacial shear layer generated can lead to significant interfacial 

mixing and transfer of mass and momentum between the layers (i.e. turbulent entrainment/detrainment 

processes). In some cases, strong vertical entrainment/detrainment is observed in the region of the salt-

water return flow, while in other circumstances interfacial waves are first formed at the density 

interface, the breaking of such internal waves providing an additional mechanism for vertical mixing. 

The internal flow and near-bed dynamics associated with these restricted exchange flows are expected 

to be influenced by (i) the overall dimensions and rigidity/erodibility of the obstruction, (ii) the initial 

density and stratification differences between the two water bodies, (iii) the external forcing conditions 

due to tidal saline intrusion and river freshwater inflows, and (iv) the presence or absence of the 

Earth’s background rotation. The following experimental configurations are considered: 

 Phase 1: lock exchange experiments across a rigid obstruction (fjordic configuration) with or 

without background rotation; 

 Phase 2: forced exchange experiments across a rigid obstruction (estuarine configuration) with 

or without background rotation; 

 Phase 3: forced exchange experiments across an erodible (sediment) obstruction (estuarine 

configuration) without background rotation. 
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2. CORIOLIS FACILITY AND EXPERIMENTAL SET-UP 

The LEGI Coriolis Platform II is the largest rotating platform in the world available for 

comprehensive experimental fluid dynamical studies, where the visualization of internal processes is 

otherwise problematic. The facility provides the unique opportunity to conduct large-scale (high 

Reynolds number) physical modelling studies of geophysical flow problems, (i.e. taking into account 

the Earth’s rotational effects) in the presence of density stratification and/or complex bottom 

topographies. The large diameter of the rotating platform allows users to generate stratified fluid 

inertial regimes that characterize realistic oceanic or atmospheric dynamics, with relatively negligible 

influences from viscosity due to boundary layers and water surface distortion due to centrifugal force. 

The Coriolis Platform II experiments can thus provide support to model complex ocean dynamics and 

develop physically-realistic parameterizations of the geophysical flow problem under investigation. 
The circular tank mounted on the Coriolis rotating platform is 13 m in diameter and 1.2 m-deep 

(allowing water depths up to a maximum of 1 m). Rotating angular speed for the basin can be varied 

between 0 and 6 rpm (corresponding to angular velocities  = 0 – 0.5 s
-1

). For the current 

experimental study, a 9 m-long by 1.5 m-wide by 1.2 m-deep rectangular channel has been constructed 

within the basin [see Figure 1(a)]. The central 6 m-long section of the channel is constructed in 

transparent Plexiglas to facilitate flow illumination and visualization. The channel is aligned with a 

window incorporated into the base of the rotating tank to provide a vertical laser sheet for flow 

visualization. The trapezoidal flow obstructions are positioned at the middle of the channel, with three 

obstacle configurations considered: 

 Short sill configuration: trapezoidal shape with 0.5 m long horizontal crest; 1 m-long ramp on 

each side, 0.5 m-high (2.5 m total length). Transparent Plexiglass to avoid shadows and 

diffusion of laser sheets; 

 Long sill configuration: trapezoidal shape with 2.0 m long horizontal crest, (other dimensions 

and materials as for the short sill); 

 Erodible sill configuration: trapezoidal obstacle shaped with plastic “sediment” particles, 

(dimensions as for the long sill). 

 

2.1 Restricted Exchange Flow Configurations  

Three different exchange flow experimental configurations are planned to be run in the LEGI Coriolis 

Platform II over the access period: 

 

Phase 1: Lock exchange experiment (fjordic configuration) – rigid obstructions 

For the Phase 1 experiments (fjordic configuration), a sliding gate is installed across the width of the 

rectangular channel at the middle of the sill crest, initially separating the two basins [see Figure 1(a)]. 

The initial condition is one in which the fjordic basin is initially stratified by a thin saline layer of 

density 1 and thick overlying fresh water layer of density 0. The right-hand sea basin is filled to the 

same overall depth with homogeneous saline water of density 1 [see Figure 1(a)]. The exchange flow 

is initiated by the smooth and rapid manual removal of the barrier. This allows internal gravity 

currents to be formed on each side of the constriction. This is also accommodated with the exchange 

fluxes, which change the initial stratification on each side of the constriction due to fresh water flow 

on to of the salt water flow, and shear induced mixing. After a pre-defined elapsed time dt = 0.25 – 5.0 

minutes the gate is to be reclosed and the two basins will be allowed to settle back to stationary 

conditions in order to study the final stratification state achieved after dynamic relaxation. According 

to Prastowo et al. (2008), the barrier in the lock-exchange experiments was rapidly re-inserted into the 

constriction once the gravity currents had nearly reached the end-walls of the long tank (run times 

ranged from 15 s to 147 s). Within the fjordic basin, the change in stratification generated from the 

initial saline intrusion is maintained for the next intrusion phase. The experiment is repeated for a 

range of parametric conditions under both non-rotating and rotating conditions. The aim of this 

experiment is to determine the mixing efficiency of turbulence generated by the shear between two 

counter-flowing layers in hydraulically controlled buoyancy-driven exchange flows. 
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Phase 2: Forced exchange experiment (estuarine configuration) – rigid obstructions 

In the Phase 2 experiments forced exchanges are generated across the obstruction by pumping salt and 

freshwater fluxes in the bottom and surface layers of the sea and estuarine basins, respectively [Figure 

1(b)], again under both rotating and non-rotating conditions. The initial condition is one in which the 

sea basin is partially filled with saline water of density 1. The freshwater discharge Q0, 0 is then 

initiated and allowed to flow out across the obstruction, where it is collected via an overflow weir. An 

initial saline water volume flux Q1, 1 is then initiated to raise the interface of the dense water layer in 

the sea basin, where it can interact with the outflowing surface freshwater layer resulting in interfacial 

mixing and entrainment. The aim of this experiment is to determine the parametric conditions under 

which the saline water (i) is prevented from intruding over the obstruction by mixing and entrainment 

into the outflowing fresh water layer; (ii) forms an arrested salt wedge on the obstruction; and (iii) 

initiates a two-directional exchange flow across the sill, allowing salt water intrusion into the estuarine 

basin. The interfacial mixing of density bottom currents is studied in Laanearu et al. (2014). 

 

(a) (b) 

Figure 1: Schematic representation of problem under investigation (a) Phase 1 lock exchange 

experiments (fjordic configuration) under rotating and non-rotating conditions; (b) Phase 2 forced 

exchange experiments (estuarine configuration) under rotating and non-rotating conditions. 

 

Phase 3: Forced exchange experiment (estuarine configuration) – erodible obstructions 

These experiments consider different parametric forcing conditions, which are specified from the 

Phase 2 experiments, to study the near-bed and interfacial dynamics generated in real estuaries. For 

these experiments, the rigid obstruction is replaced by an erodible obstruction of the same overall 

initial shape. This is constructed from reduced density (plastic) sediments, to allow for appropriate 

scaling. Forced exchange flow conditions, equivalent to the non-rotating Phase 2 experimental runs, 

are generated across the erodible obstruction to investigate the effect of boundary flow dynamics on 

sediment transport and the evolution of obstruction morphology, which is monitored at different points 

during each run (and especially at the start and end). 

 

2.2 Experimental Set-up 

A schematic diagram of the proposed experimental set-up is shown in Figure 2(a). For the Phase 1 

lock exchange experiments, the sliding gate barrier is installed above the sill, separating the two 

basins. In the Phase 2 forced exchange configuration, with the sliding gate barrier removed, saline 

water is introduced with a flow rate Q1 = 5 – 22 l/s from the filling system of the platform and injected 

via a manifold arrangement to ensure uniform distribution of the inflow into the lower layer of the sea 

basin. The freshwater input is then circulated with a flow rate Q0 = 0 – 20 l/s using axial pumps sited 

on each side of the channel outlet of the sea basin [see Figure 2(a)]. An inlet manifold in the estuarine 

basin is also designed to ensure uniform inflow of the freshwater with thin boundary layers. The net 

saline water inflow Q1 is balanced by sinks at the bottom on each side of the channel such that the total 

water depth remains constant. Phase 3 runs in a similar manner to Phase 2, and main difference in the 

experimental runs is due to the erodible sill. There are no detailed laboratory investigations of the 

bottom boundary dynamics of sill exchange flows to date. These near bed processes are expected to 
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induce suspension and transportation of bed sediments and thus are important for mass transport and 

water quality within coastal regions of restricted exchange (Inall et al., 2004; 2005). 

 

2.3 Instrumentation 

Experimental measurements in Phases 1 and 2 are mainly focusing on obtaining high temporal and 

spatial resolution density and velocity fields both across the obstruction and within the estuarine and 

sea basins adjacent to the obstruction. Two-dimensional Particle Image Velocimetry (PIV) is used to 

measure velocity fields in the horizontal and vertical planes. In this regard, a global field is provided 

by the top view, typically 4 m long, with illumination by a horizontal sheet, which can be scanned in 

height [see Figure 2(b)]. Illumination is provided from the side to avoid obstruction of the channel 

inlet and to minimize refraction effects. The vertical flow structure is mapped at a smaller scale with 

the vertical laser sheet aligned along the channel centreline via the bottom window [Figure 2(b)], with 

flow visualization achieved via a side-mounted camera (two cameras are used where appropriate to 

obtain a wider field of view). For the laser, the most convenient set-up would be to fix it above the free 

surface, as this is also appropriate for mapping the topographic changes in the obstruction for the 

Phase 3 experiments. However, vibrations from the pumps would have to be eliminated so as to not 

disturb the free-surface. Thus, the possibility of utilizing the bottom window in the channel will also 

be considered. The proposed set-up of the PIV laser outlined above is also to facilitate the use of Laser 

Induced Fluorescence (LIF) to consider internal mixing dynamics and entrainment/detrainment 

processes across the sill obstruction. Rapid-deploying, micro-conductivity probe profilers (4 to 6 

probes), positioned both within the basins and across the sill obstruction are used to measure 

instantaneous density profiles at specific measurement locations. Acoustic Doppler Velocimeters 

(ADVs) collect velocity profiles at similar locations to the micro-conductivity probes in order to 

predict “instantaneous” gradient Richardson number profiles at these selected locations. These ADV 

probes and an available Acoustic Doppler Current Profiler (ADCP) are utilized in Phase 3 to measure 

detailed development of velocity profiles across the erodible obstruction, while a 3D laser bed scanner 

is utilized to investigate morphological changes induced by the restricted exchange flows. 

 

 
Figure 2: Schematic representations of (a) the proposed experimental set-up in the LEGI 

Coriolis Platform II; (b) proposed set-up for horizontal and vertical PIV/LIF measurements. 

 

3. CONCLUDING REMARKS 

The access period for this experimental study runs from Monday 26
th
 May until Friday 18

th
 July and 

therefore preliminary results are presented at the Lisbon Hydralab Joint Users Meeting. The 

experiments are planned to capture parameters that are important for numerically modelling the flows 

of interest. Numerical investigations developing on from previous studies (Bernsten et al., 2009; 

Thiem & Berntsen, 2009) will commence upon completion of the experimental study. 
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