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ABSTRACT

The majority of the software platforms designed for non-hydrostatic shallow water flow modelling rely on the
solution of computational-costly three-dimensional flow models or depth-averaged Boussinesq-type models that
require optimization of dispersive terms. In this field, an unexplored but reliable alternative is the Vertically-
Averaged and Moment (VAM) equations model. This work presents a MATLAB software platform for one-
dimensional non-hydrostatic flow modelling using the VAM model. First, the VAM governing equations are
introduced, which use the weighted residual method to account for the non-hydrostatic and non-uniform
characteristics of flow. Then, the structure of the user-friendly graphical interface is described. Finally, the model
is applied to two nearshore and open-channel non-hydrostatic flow tests. The comparison of the results with
experimental data highlights the accuracy of the VAM model and the potential of the present software for
modelling non-hydrostatic flows.
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1 INTRODUCTION

The use of non-hydrostatic models is often required to provide realistic predictions in coastal and open-
channel flows, where the development and use of depth-integrated simulation models is a common practice.
Three families of vertically-averaged models have been developed so far to simulate non-hydrostatic flows: (i)
the Boussinesg-type equations (Castro-Orgaz and Hager, 2017), (ii) the multilayer non-hydrostatic extension
of the shallow water equations (Casulli, 1999), and (iii) the vertically-averaged models based on the use of the
weighted residual (WR) method to derive the vertically-averaged and moment (VAM) equations from the
Reynolds-Averaged Navier-Stokes (RANS) equations, known as VAM equations model (Cantero-Chinchilla et
al., 2018). Despite it was recently demonstrated to be accurate for predicting a number of river and coastal
flows (Cantero-Chinchilla et al., 2018), the VAM model is a physical system of equations that is still unfamiliar
to the scientific community to some extent and hardly settled by using a user-friendly platform for practical
applications. The purpose of this work is presenting a user-friendly MATLAB software platform to apply the
VAM model to simulate non-hydrostatic flows in a number of coastal and open-channel flow cases. The
platform is freely available on GitHub (https://github.com/Frncch/VAM_Model_Software).

2 BASICS OF THE VAM MODEL

The governing equations for the VAM model are derived using the WR method into the depth-averaging
process of the RANS equations. First, predictors for the field variables containing perturbation parameters are
used to prescribe the non-hydrostaticy and non-uniformity of flow, increasing the number of independent
variables in the depth-averaged equations. Then, a weighting function involving moments around the centroid
of a section is selected to derive moment equations, providing mathematical closure to the system. The
system of equations is solved by using a hybrid finite volume-finite difference numerical scheme, where the
MUSCL-TVD-4th is applied to reconstruct the variables at the interfaces and the HLLC approximate Riemann
solver is employed to compute the numerical fluxes. To grant the C-property, the WSDGM method and a
proper discretization of the gravity term are applied. The solution is then evolved in time using a one-step
forward Euler scheme plus an iterative Newton-Raphson method. Details can be consulted in Cantero-
Chinchilla et al. (2018) and Gamero et al. (2020).
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3 DESCRIPTION AND APPLICATION OF THE SOFTWARE PLATFORM

The initial window of the software platform allows the user to select between coastal or open-channel flow
applications (Fig. 1a). The open channel flow application enables the numerical experimentation on Favre
waves and flow over Gaussian obstacles (Fig. 1b). The coastal flow application models the solitary wave
propagation over horizontal bed and the solitary wave propagation with run-up (Fig. 1c). All the
applications include numerous editable options to customize the desired numerical experiment.
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Figﬁfe 1. Software platform screens: (ajmain menu, (b) open-channel flowgpp, and (c) coastal flow app.

Fig. 2 shows the applications for flow over a Gaussian obstacle and solitary wave propagation with run-up
using the experimental data of Sivakumaran (1981) and Synolakis (1986), respectively. As compared to the
standard Saint-Venant model solution, the VAM model yields more accurate results for both tests.
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Figure 2. (a) Flow over a Gaussian bed with g = 0.07703 m?%s (Sivakumaran, 1981), (b) solitary wave
propagation and run-up over a beach profile at t = 6.3855 s (Synolakis, 1986), where z is free surface level,

py is bed pressure, z, is bed level, yis specific weight of water, x is longitudinal distance and t is time.

4 CONCLUSIONS

The easy-to-use environment and the accuracy of the results highlight the potential of this user-friendly
MATLAB software platform for modeling open-channel and nearshore flows, where non-hydrostatic pressure
and non-uniform velocity shall be accounted for. This entails a useful hydraulic tool suitable for teaching and
research purposes.
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