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Abstract
The dynamics of steady two-dimensional gravity currents interacting with slopes and overhangs are investigated by laboratory experiments. Parameters such as the initial volume of the
dense fluid and the angle of the barrier positioned inside the tank are varied. An image analysis
technique is adopted to evaluate the instantaneous density fields. The analysis performed
showed how the nature of the barrier affects the dynamics of the dense current.
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1. INTRODUCTION
Gravity currents are flows driven by a density difference due to a variation in salinity, temperature or the concentration of suspended particulates. These geophysical flows widely occur
spontaneously in nature or for anthropogenic causes (Simpson 1997). Although gravity currents
develop generally over more complex floor topographies involving slopes, submarine channels
and seamounts (Lane-Serff et al. 1995), most laboratory investigations dealing with the dynamics of those currents considers flows over flat surfaces. These last investigations reveal a lack
of knowledge on gravity currents interacting with a complex topography.
The aim of this work is to investigate how even simple variations of the geometry of the
domain influence the dynamics of gravity currents by using laboratory experiments.
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2. EXPERIMENTAL DETAILS
The laboratory experiments are conducted in a Perspex tank 3 m long, 0.2 m wide and 0.3 m
deep. The experimental apparatus (Fig. 1) is similar to that described in Lane-Serff et al. (1995)
which allows an incoming steady flow. The lock reservoir is realized with a fixed gate placed
at L0 = 0.4 m leaving a rectangular opening at the bottom of the tank. A removable gate covers
the opening. A slope is located at LS = 0.85 m from the fixed gate with different inclination θ,
ranging from 15° and 165°, in order to represent up slopes (S runs), or overhanging barriers
cases (O runs).

b)

a)

Fig. 1. Sketch of the tank used to perform laboratory experiments. Gravity current reflected back respectively by: a) overhang barrier (O runs); b) slope (S runs).
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For each experiment the left part of the tank is filled with salty water with initial density ρ1,
while the rest of the tank is filled with an ambient fluid of density ρ0 (Δρ = ρ1 – ρ0 = 40 kg/m3).
A controlled quantity of dye is added to the salty water in order to allow the visualization
of the dense fluid. The run starts when the sliding gate is removed and stopped when the reflected dense flow, after the interaction with the slope, reached the position L0. The Froude
number 𝐹𝑟 = 𝑈𝑏 /√𝑔0′ (ℎ𝑔 ⁄2) ≅ 0.8, where Ub is the bulk velocity and 𝑔0′ = 𝑔 ∗ (∆ρ/𝜌0 ) is
the initial reduced gravity. The experiments were recorded by a camera with an acquisition
frequency of 25 Hz and spatial resolution of 1024×668 pixels. Images extracted from the acquired movie were converted into matrices of grey levels. The instantaneous density fields
𝜌∗ (𝑥, 𝑦, 𝑡) = (𝜌(𝑥, 𝑦, 𝑡) − 𝜌0 )/(𝜌1 − 𝜌0 ) was obtained by an image analysis technique (Nogueira
et al. 2013). The pixel-based analysis of the density fields adopted here allows us to obtain the
local density value and then the depth-averaged density, 𝜌̅𝑣 . From the 𝜌̅𝑣 is possible to infer the
main characteristics of the flow dynamics. Figure 2 shown 𝜌̅𝑣 in the plane 𝑥 ∗ − 𝑡 ∗ for the S

Fig. 2. Dimensionless 𝜌̅ ∗ 𝑣 , for the S run with θ = 15° and for the O run with θ = 150°. The white
markers mark the dimensionless front and reflected bore position. The red line represents the toe of the
slope.
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and O runs. In the up slope case the high values of 𝜌̅ ∗ 𝑣 are identified in the area near the front
of the current and in the outgoing bore, while for the overhang run high values of 𝜌̅ ∗ 𝑣 can be
also observed at the foot of the barrier. The presence of mixing associated with the reflection
process is larger for the O run than the S run. The density fields emphasizes a more complex
dynamics in the O run related to the presence of the barrier even before the current interacts
with it.
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