University of Dundee

Numerical modelling of the bottom gravity current in an obstructed channel with
trapezoidal cross-section
Laanearu, Janek; Kaur, Katrin; Malcangio, Daniela; Cuthbertson, Alan; Adduce, Claudia; De
Falco, Maria Chiara

Publication date:
2020
Document Version
Peer reviewed version
Link to publication in Discovery Research Portal

Citation for published version (APA):
Laanearu, J., Kaur, K., Malcangio, D., Cuthbertson, A., Adduce, C., De Falco, M. C., Negretti, E., & Sommeria,
J. (Accepted/In press). Numerical modelling of the bottom gravity current in an obstructed channel with
trapezoidal cross-section. Abstract from 6th IAHR Europe Congress, Warsaw, Poland.

General rights
Copyright and moral rights for the publications made accessible in Discovery Research Portal are retained by the authors and/or other
copyright owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with
these rights.
• Users may download and print one copy of any publication from Discovery Research Portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain.
• You may freely distribute the URL identifying the publication in the public portal.
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 23. Apr. 2021

6th IAHR Europe Congress, June 30th – July 2nd, 2020, Warsaw, Poland

Numerical modelling of the bottom gravity current in an obstructed channel
with trapezoidal cross-section
Janek LAANEARU1, Katrin KAUR1, Daniela MALCANGIO2, Alan CUTHBERTSON3, Claudia ADDUCE4, Maria
Chiara DE FALCO4, Eletta NEGRETTI5, Joel SOMMERIA5
1

Tallinn University of Technology, Estonia
email: janek.laanearu@taltech.ee, katrin.kaur@taltech.ee
2
Polytechnic University of Bari, Italy
email: daniela.malcangio@poliba.it
3
Dundee University, UK
email: a.j.s.cuthbertson@dundee.ac.uk
4
Roma Tre University, Italy
email: claudia.adduce@uniroma3.it, mariachiara.defalco@uniroma3.it
5
Laboratory of Geophysical and Industrial Flows, France
email: eletta.negretti@legi.cnrs.fr, Joel.sommeria@legi.cnrs.fr

ABSTRACT
The dynamics of bottom gravity currents in a laboratory-scale, stratified-flow flume is modelled using a 3D
CFD tool. Also, the dense-water intrusion along a channel with a trapezoidal cross-section is characterized
hydraulically. The numerical experiments are designed to aid qualitative interpretation of the formation of
density-driven, bi-directional stratified flows. The turbulence characteristics of the stratified flow are
introduced to investigate the internal-flow hydraulic regimes and the interface mixing between water layers.
1. Materials
An experimental study was conducted at the CNRS Coriolis Rotating Platform at LEGI, Grenoble, to
investigate uni- and bi-directional stratified flows generated along a trapezoidal cross-section channel (Adduce
et al. 2019) under rotating and non-rotating conditions, with both fixed and erodible bed layer conditions.
Experimental measurements focused on obtaining high-resolution velocity and density fields in different
vertical planes spanning the width of the channel using 2D Particle Image Velocimetry (PIV) and Laser
Induced Fluorescence (LIF), as well as acoustic doppler velocimeters (ADV) and micro-conductivity probes
positioned in several cross-channel sections. To investigate the resulting internal-flow dynamics numerically,
Computational Fluid Dynamics (CFD) simulations were undertaken with the specific OpenFOAM solver. The
model domain of the flume is three-dimensional, and consists of three parts: (i) a basin with the salt-water
inflow, (ii) the horizontal trapezoidal channel, and (iii) a fresh water basin with an open boundary (for a detailed
description of a laboratory-scale, stratified-flow flume arrangement, see Adduce et al., 2019).
2. Models
Laanearu and Davies (2007) formulated an internal-flow energy function for the hydraulic modelling of bidirectional stratified flows in non-rectangular channels. The cross-sectional channel flow shapes can be
presented quantitatively in the internal-flow energy function by a shape factor (𝜉 > 1) that represents the ratio
of bank-full area to cross-sectional area of flow. Hence, the limiting case of this shape factor corresponds to a
rectangular cross-section with 𝜉 = 1, while trapezoidal channel cross-sections can also be approximated with
quadratic-type geometry. Within internal-flow hydraulic theory, the dimensionless internal flow head (𝐻/𝑤0 )
of the quadratic channels can be defined as follows:
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where the dimensionless quantities in Eq. (1) are defined as follows:
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In Eqs. (1) and (2), 𝑤0 is the channel width constant; ℎ = ℎ1 + ℎ2 is the total stratified fluid depth, where ℎ1
and ℎ2 are the upper and lower fluid layer thicknesses, respectively; ℎ𝑠 is sill height; 𝑔′ = 𝑔(1 − 𝛤) is the
reduced gravitational acceleration, where 𝛤 = 𝜌1 ⁄𝜌2 represents the density ratio, with 𝜌1 and 𝜌2 being
densities of the less-dense (fresh) upper layer and denser (saline) lower layer, respectively; 𝑄1 and 𝑄2 are the
upper and lower fluid layer flow rates, respectively; 𝑞 is the upper-to-lower layer volume flux ratio parameter.
The goal of the present study is to model numerically the development of the bottom gravity current dynamics
along the trapezoidal channel for fixed salt-water volumetric inflow rates into the salt water basin (see Figure
1, where the snapshot of the CFD simulation is shown). The almost whole computational domain is meshed
using a standard element of varying sizes. The boundary layer mesh is treated differently in the numerical
experiments designed to investigate the turbulent-mixing characteristics that are important for the developing
gravity current dynamics.

Fig. 1. Three-layer stratified fluid in the Computer Aid Domain (CAD) of an obstructed channel with trapezoidal cross-section. Excess
densities of air and more-dense water in the model domain are shown. Colorbar: blue – air, green – less-dense water, red – more-dense water.

3. Methods
According to Laanearu and Davies (2007), the two-layer exchange flow is parameterized with the upper and
lower layer densimetric Froude numbers Fr1 and Fr2, such that:
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with the composite Froude number G given by
𝐺 2 = 𝐹𝑟21 + 𝐹𝑟22 .
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In the case of critical, sub- and super-critical stratified flows 𝐺 = 1, 𝐺 < 1 and 𝐺 > 1, respectively.
The numerically modelled 3D buoyancy-driven flow clearly demonstrates the hydraulically-driven internal
flow, which is modified by the interfacial friction and the eddy-diffusivity dependent mixing.
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