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ABSTRACT  
  

The dynamics of gravity currents interacting with sloping and overhanging barrier are investigated by laboratory 

experiments. Gravity currents are generated in a tank and an image analysis technique is applied to evaluate the 

instantaneous density fields. A wide range of slope angles are tested. The position of the incoming gravity currents 

and outgoing bores for flows reflected is evaluated and discussed. The analysis performed showed how a complex 

topography strongly affects the dynamics of the dense current. Despite the initial development of the dense flow 

exhibiting a similar behaviour for both cases, when the dense current approaches the foot of the barrier, the 

deceleration of the current is larger for overhangs than slopes. Consequently, the reverse flow develops a different 

dynamics.  
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1 INTRODUCTION   

Gravity currents, also known as density currents, are flows driven by a density difference due to a temperature 

or a salinity difference or the presence of suspended particulates. These flows often occur both in the natural 

environment and in man-made situations (Simpson, 1998). For this reason, gravity currents have been the 

subject of intensive research over the last decades. Despite several studies investigating gravity currents 

propagating on a horizontal boundary (Ottolenghi et al., 2018; Inghilesi et al., 2018), generally those flows 

develop over natural surfaces characterized by complex geometries (De Falco et al., 2020). Salt wedges in 

estuaries as well as sea-breeze are typical examples of gravity currents interacting with an up-sloping or 

overhanging topography.  

The aim of this work is precisely to investigate the interaction of gravity currents with slopes (S runs) and 
overhang barriers (O runs) using laboratory experiments. 

 

2 EXPERIMENTAL PROCEDURE 

Several laboratory experiments are conducted in a 3𝑚 long, 0.2𝑚 wide and 0.3𝑚 deep Perspex tank. Using an 
experimental set-up, similar to the one described in Lane-Serff et al. (1955) (Fig.1), a fixed gate is placed at 
𝐿0 = 0.4𝑚 leaving a rectangular opening at the bottom across the width of the tank. A 4𝑚𝑚 thick, removable, 

gate is inserted vertically to cover the opening, thus forming a lock region filled with salty water at density 𝜌1 while 

the rest of the tank is filled with an ambient fluid of density 𝜌0 < 𝜌1. A controlled quantity of dye is added to the 
salty water in order to allow the visualization of the dense current during the experiment. A Perspex slope is 
placed at 𝐿𝑆 = 0.85𝑚 from the fixed gate with different angles 𝜗, in order to represent up slopes or overhanging 
barriers cases. For all experiments an electronic density meter is used to obtain a density difference equal to 

Figure 1. Sketch of the tank used to perform laboratory experiments respectively a) slope and b) overhang 
barrier cases. 
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∆ρ=40Kg m3⁄ , with ∆𝜌 = 𝜌1 − 𝜌0. The run starts with the sudden removal of the sliding gate, causing an 

exchange flow through the opening. The dense fluid collapses under the lighter one forming a gravity current. 
The experiment stops when a reflected dense flow, generated by the presence of the slope, has reached the 
opening of the fixed gate. The experiments are recorded by a camera. Images are extracted from the acquired 
movie and for each experiment the instantaneous density fields are evaluated using an image analysis 
technique.  

  
3 RESULTS 

In order to study the instantaneous front position and the reflected bore position of the dense current, the 
instantaneous dimensionless density 𝜌∗(𝑥, 𝑦, 𝑡) is defined by Eq. [1]:  

 𝜌∗ =
𝜌(𝑥,𝑦,𝑡)−𝜌0

𝜌1−𝜌0
  [1] 

 

The experimental front position is obtained by using the non-dimensional iso-density contours at 𝜌∗ = 2%, while 

the reflected current position is defined as the first point identified using a non-dimensional iso-density contours 

at 𝜌∗ = 50%. The dimensionless front/outgoing bore position, 𝑥∗ = 𝑥/𝐿0, versus the dimensionless time, 𝑡∗ =
𝑡/𝑡0, for the Up-Slope cases and the Overhangs cases are shown in Fig.2. In the Up-Slope cases (Fig.2a), the 

current is characterized by a constant front speed until it reaches the slope where it starts to decelerate as it 

flows up the slope. At the same time, 𝑡𝑏0, a reflected bore propagates back upstream. Differences in the time 

𝑡𝑏0 can be observed for different angles, the smaller is 𝜗 the grater is 𝑡𝑏0. In the overhang case, the current 

decelerates as it approaches the foot of the barrier being affected by its presence. In this case the reflection 

starts in a close range of time 𝑡𝑏0 for all the experiments. Furthermore, the density fields analysis emphasizes 

a more complex dynamics in overhangs due to the presence of the barrier. In conclusion, this work shows how 

the dynamics of the gravity current are strongly affected by the nature of the barrier and then on the topographic 

features of the domain. 

 
Figure 2. The dimensionless front position and outgoing bores for flows reflected from Up-Slopes a) and 
Overhangs b). 
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