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Abstract

In the present study, the two-dimensional finite volume model of flow and bed
load transport has been developed. The governing equations consist of shallow
water equations and Exner equation. The Exner equation is based on the depth-
averaged shallow water equations and bed load transport flow-sediment
interaction parameter that acts as a calibration factor. In addition, The Grass
model is employed to calculate sediment discharge. The governing equations are
solved using a fully coupled method. The Roe method is selected to compute the
intercell fluxes on quadrilateral networks. The Roe approximate Riemann solver
is a first-order scheme. Finally, the performance of the present model is evaluated.
The results of the present model are compared with the exact solutions, and other
available numerical results in one-dimensional and two-dimensional tests.
Results show that the present model is appropriate, and capable of modeling the
mobile beds.

1. Introduction

Investigation of flow characteristics in rivers and sea coasts is one of the most important issues of civil
engineering, which plays a remarkable role in design of related hydraulic structures, as well as
management plans. In recent years, mathematical models have been improved as a suitable option for

modeling multiphase flows.

Numerical simulation of free surface flows and also load transport on erodible bed deals with transient
flow and movable flow boundaries (Serrano-Pacheco et al., 2012). The simulations of bed load transport
flows can be considered as coupled (Frey et al., 2017 and Wengrove et al., 2019) or uncoupled (Biswal

et al., 2018) conditions.
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2. Materials and Methods

In this paper, the two-dimensional finite volume model of flow and bed load transport has been
developed. The two-dimensional governing shallow water equations can be presented as flows (Toro,
2001):

U _oF(U) aG(Y)

=S
ot OX oy )
where
_ T
U _(h’qx’qy) (2)
In the situation of coupled method, the parameters in equation 1 can be represented as:
F (quqx_'_ ghz qqy éq (qx +qy)
®)
_ qqu q, gy (ay +ay .
G =(q,, ?+§ gh? 57) (@)

Where h is depth of water, and qy = hv and gx = hu are specific discharges and u and v are depth-
averaged components of the velocity vector along x and y coordinates. The source term S is divided
into two terms (Serrano-Pacheco et al., 2012):

s, =(0,—gh & —gh & 0y’
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The Exner equation is presented based on the depth averaged shallow water equations and bed load

transport flow sediment interaction parameter that acts as a calibration factor. In addition, The Grass
model is employed to calculate sediment discharge.

3. Discussion and Conclusion

Discussion The first set of numerical model results involves 1-D dam break simulation. In this case,
three different tests have been considered. Fig. 1 shows the present model results compared with exact
solution of Toro (2001).
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Fig. 1: The comparison of the present model results with Toro (2001) for water free surface profile

In case of 2-D dam break simulation, the Circular dam break problem is considered. Fig. 2 shows the
initial situation of the numerical simulation, and in Fig. 3 the results are represented after 3.5 s.

i yim

Fig. 3: The present model results of dam break for water surface profile at t=3.5 s.
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The final tests investigate 1-D and 2-D simulation of flow over mobile beds. These tests include the
Riemann problem for mobile beds equations. The present model results have been evaluated according
to the results of exact solution and Hudson model (2001). Fig. 4 shows the present model results for
mobile bed level at t=30 s. Moreover; the accuracy of the present model results compared with exact
solution for water surface level and bed level is presented on table 1.

Exact solution

b
®) Present model
-------- Hudson's 2nd order
1/04
1
~
g
o
N 0/96
0/92
0/88
-200 0 200 400
x(m)

Fig. 4: Comparison of the present model results with Hudson 2nd order and exact solution for bed level at
t=30s.

Table. 1: Comparison of the present model results with exact solution for water surface and bed level.

Maximum relative Maximum relative
error for present model | error for Hudson model
(%) (%)
Water surface 0.51 4.54
Bed level 1.65 4.26

According to the results, it can be seen that the present model is appropriate and efficient, and also
capable of modeling the mobile beds.
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Numerical Modeling of Flow and Bed Load Transport Using Roe
Method

Abdolreza Tavakoli?!, Mahnaz Ghaeini-Hessaroeyeh 2*, Ehsan Fadaei-Kermani 3

Abstract

In the present study, the two-dimensional finite volume model of flow and bed load transport
has been developed. The governing equations consist of shallow water equations and Exner
equation. The Exner equation is based on the depth-averaged shallow water equations and bed
load transport flow-sediment interaction parameter that acts as a calibration factor. In addition,
The Grass model is employed to calculate sediment discharge. The governing equations are
solved using a fully coupled method. The Roe method is selected to compute the intercell fluxes
on quadrilateral networks. The Roe approximate Riemann solver is a first-order scheme. Finally
the performance of the present model is evaluated. The results of the present model are
compared with the exact solutions, and other available numerical results in one-dimensional
and two-dimensional tests. Results show that the present model is appropriate, and capable of
modeling the mobile beds.

Key words: finite volume method, sediment transport, Exner equation, Grass model, Roe
model.
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