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Abstract

The dynamics of lock-release gravity currents interacting with a triangular barrier are inves-
tigated experimentally by applying non-intrusive density measurements based on image anal-
ysis, to measure the instantaneous density fields. The relevant parameter varied is the ratio
between the height of the obstacle and the initial water depth. Results suggest that the image
analysis based on a calibration curve is a suitable technique for the study of the gravity cur-
rents dynamics, which is strongly affected by the presence of a bottom obstacle depending on
the relative obstacle height.

Keywords: gravity currents, image analysis technique, bottom obstacle, density fields.

1. INTRODUCTION

Gravity currents are density-driven flows caused by a density difference, which can be due to
a temperature or salinity gradient or the presence of suspended sediments. In the latter case,
these flows are known as turbidity currents and represent a geohazard to seafloor structures and
offshore pipelines. For this reason, in lakes or in reservoirs, a barrier could be designed to stop
or deviate the flow away from the structures, which can be damaged by an interaction with the
current (De Cesare et al. 2001). Obstacles with a triangular cross-section are a good approxi-
mation to represent submerged barriers (Tokyay and Constantinescu 2015) and an accurate
comprehension of the implications of the interference can help to improve the engineering mod-
els, depending on the parametric conditions characterizing these flows.

In the present study, an image analysis technique is used to evaluate the instantaneous den-
sity fields of a gravity current interacting with a triangular obstacle. Several experiments are
performed with and without the obstacle and the effect of the relative obstacle height on the
dynamics of the dense current is studied.
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2. EXPERIMENTAL PROCEDURE

Lock-exchange gravity currents are produced in a Perspex tank 3 m long, 0.2 m wide, and 0.3 m
deep (Fig. 1). A lock-release technique was applied to generate gravity currents, by dividing
the tank in two different volumes with a removable gate, placed at a distance xo=0.4 m from
the left wall. The left part of the tank was filled with a saline mixture at density p1 = 1010 kg/m?
while the right part of the tank was filled with fresh tap water at a measured density
po = 1000 kg/m?, where p1>po with a constant Ap = p1 — po = 10 kg/m®. Experiments were
performed first on the horizontal bed and then with a triangular obstacle placed at a distance Lo
from the gate. The main parameter varied is the relative obstacle height Ro = hc/d where d is
the obstacle height and hc = H/2 is the current height (Benjamin 1968).
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Fig. 1. Schematic representation of the experimental apparatus.

An image analysis technique is applied to evaluate the instantaneous density fields p(x,y, t).
The concentration of dye in the gravity current is considered linearly correlated to the salt con-
centration. A calibration technique is used to correlate the light intensity with the concentration
of dye for each pixel of the acquired images. To this aim, nine controlled concentrations of dye
were added and mixed to the fresh water in the tank in order to obtain a homogeneous dyed
fluid and images were acquired to build a calibration curve. Figure 2a shows the calibration
points obtained for a single pixel in the domain, considering nine images.

A snapshot of a gravity current with Re = 1.28 and the corresponding instantaneous non-
dimensional density field p*(x,y) = (o(X, y)— po)/Ap are shown in Fig. 2b,c. The obtained den-
sity field gives insight into the gravity current’s dynamics, which is strongly affected by the
presence of the obstacle. A diluted current propagates downstream the obstacle, while part,
denser, is retained by the obstacle.
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Fig. 2: (a) Calibration curve based on nine controlled quantities of dye, (b) shapshot of a gravity currents,
and (c) corresponding non-dimensional density field after the interaction with the obstacle.
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