Accepted Manuscript

Resuspension and transport of fine sediments by waves over a thin layer of
viscoelastic mud with erosion

Juliana S. Ziebell, Leandro Farina, Sergey Korotov

PII: S0377-0427(17)30490-9
DOI: https://doi.org/10.1016/j.cam.2017.10.001
Reference: CAM 11329

To appear in:  Journal of Computational and Applied
Mathematics

Received date: 25 May 2017
Revised date: 1 October 2017

Please cite this article as: J.S. Ziebell, L. Farina, S. Korotov, Resuspension and transport of fine
sediments by waves over a thin layer of viscoelastic mud with erosion, Journal of Computational
and Applied Mathematics (2017), https://doi.org/10.1016/j.cam.2017.10.001

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.cam.2017.10.001

Resuspension and transport of fine sediments by waves over a
thin layer of viscoelastic mud with erosion

Juliana S. Ziebell!, Leandro Farina!?, Sergey Korotov®

nstituto de Matematica e Estatistica,
Universidade Federal do Rio Grande do Sul,
Porto Alegre, RS, Brazil
2BCAM - Basque Center for Applied Mathematics,
Bilbao, Basque Country, Spain
3Department of Computing, Mathematics and Physics, Western Norway University of Applied Sciences,

Bergen, Norway

Abstract

A mathematical model for the one-dimensional mass transport describing the concentration evo-
lution of suspended sediments over a viscoelastic mud layer in the presence of erosion is presented.
Using a perturbation method, the problem is set in terms of the concentration of particles at the
water-mud interface. Numerical results show considerable difference from the cases of rigid and non-
erodible interfaces. A singular behaviour of the particles concentration is observed when the mud
depth approaches a resonant value, associated with negative convection velocity.
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1 Introduction

The sediments motion in the bottom of a aquatic medium caused by a flow have been considered an
important problem to be studied for coastal engineering and for marine geology applications [11, 7].

The seabed have been usually treated like a viscous or a viscoelastic mud. Gade [5] was the first to
use the viscous model, also called a Newtonian model, to study the effect of a non-rigid and waterproof
bottom over a wave surface. In that mathematical model, the upper layer is insviscid, the vertical
acceleration is neglected and an approximation of shallow waves is adopted. Using those hypotheses,
Gade [5] deduced a dispersion relation that gives an explicit expression for the wave number. However,
because of the shallow wave aproximation, his model is restricted to the cases when, for the effective
depth H’, the inequality H'/L < 20 is valid, where L is the wave-length.

De Wit [3] modified Gade’s model for the situation of a non-hydrostatic water inviscid layer over a
tiny viscous mud layer compared with the wave-length. The vertical acceleration in the lower layer was
again neglected, but in the upper layer it was considered. With these considerations, a new dispersion
relation was presented.

In Dalrymple and Liu [2], three layers models were developed. The mud layer were considered as
viscous in horizontal and vertical directions. The lower layer was assumed tiny, in the same order of
magnitude of the boundary layer. The flow velocities in the water and in the mud layer were found and
the wavenumber versus the dimensionless depth was obtained.

Ng [12] presented an asymptotic theory for waves propagating over the surface of a water layer over
a viscous and homogeneous mud layer. The basic assumption is that the thickness of the mud layer and
of the boundary layer in the interface are of the same order of magnitude of the wave amplitude over the
water layer. These assumptions result in an parameter ¢ = ka < 1 that was used to order the terms that
should be taken into account in the equations that describe the problem. Some of the obtained results
were the analytic solutions of the water and mud velocities coordinates and a dispersion relation. Besides
that, they observed with some numerical results that the wave damping increase with the fluid viscosity.

Zhang and Ng [15] presented a perturbation analysis based on the motion equations in the Lagrangian
form for the wave motion over a viscoelastic mud layer. This material was described as a Voight body [8],
an analogue of the spring-dashpot system. The horizontal and vertical flow velocities besides the pressure
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