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ABSTRACT 
 
Three-dimensional (3D) computational fluid dynamics (CFD) is more and more frequently used to solve various 
hydraulic engineering related problems, such as prediction of complex flow conditions or local scouring. While 3D 
models offer the solution of complex flow patterns determining the morphodynamic conditions (e.g. coherent 
turbulent structures), most of the available software is single-phased, thus bounded to simpler free surface 
conditions (i.e. flows with single local free surface elevations (depth)). In this study, the level set method (LSM) 
based, multiphase hydro- and morphodynamic model REEF3D was tested for the simulation of local scouring in 
the vicinity of a submerged arch bridge, where the sediment transport is mostly driven by the prevailing pressurized 
flow conditions under the bridge deck. The LSM showed robust performance in the treatment of the combined free 
surface/pressure flow problem as well as in the tracking of bed elevation changes. 
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1 INTRODUCTION 
Due to the rapid, continuous increase of available computational resources and the development of the related 
computer sciences, computational fluid dynamics (CFD) modeling is more and more frequently used within the 
hydroscience community. These models offer solutions to hydraulic engineering tasks in various scales – from 
laboratory up to river system scale – with different spatiotemporal resolutions, and as a function of the adopted 
abstractions and simplifications. Formerly, physical models were the only tools for investigating complex flow 
and morphodynamic problems, where classical formulas or simpler numerical models were no longer applicable. 
With the recent developments in CFD, the point has been reached, where numerical models can very well mimic 
real-life flow conditions, and thus can compete with the conventionally used, time demanding and expensive 
physical model experiments. 

In this study an open-source CFD tool (REEF3D) is employed to solve the local scouring problem in the direct 
vicinity of a submerged arch bridge. The geometrical complexity and the prevailing pressurized flow conditions 
call for a multiphase modeling approach, which in this study is performed by utilizing the level set method (LSM). 

 
2 NUMERICAL FRAMEWORK AND SETUP 
The open-source CFD tool REEF3D (Bihs et al., 2016) was used for the numerical simulations. The model 
solves the incompressible Reynolds-averaged Navier–Stokes (RANS) equations along with the continuity 
equations using conservative finite differences. The stability and accuracy of the solver is ensured by high-order 
spatial (5th-order WENO) and time (3rd-order Runge-Kutta) schemes. Turbulence closure is achieved with the 
standard k-ω model. The LSM (Sussman, 1994) is used to numerically treat the interface between air and water 
(i.e. free surface), as well as between the water phase and the mobile sediment bed, while bed load transport 
is approximated using van Rijn’s semi-empirical formula. The numerical setups were built up to mimic the 
laboratory experiments performed by Martín-Vide (2005). 
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3 R ESULTS AND DISCUSSION 
 

On the left side of Fig. 1, flow field around the submerged arch bridge is presented with velocity vectors. The 
high velocities observed in the pressurized region under the bridge deck suggest increased erosion potential, 
leading to the predicted scour presented on the right side of the figure. 
 

 
Figure 1. a) Velocity vector field for the rigid bed simulation with boundary conditions; b) 
morphodynamic result after 8 hours of sediment simulation time (right); c) bridge geometry. 

 
The predicted bed topography shows realistic features: while intense scouring is observed at the bridge 
openings, the consequent sediment deposition is also represented on the downstream side of the obstacle. 

Although the first results (presented in Fig. 1) are promising and the model has already been successfully 
applied to even more complex free surface flow problems (see e.g. Kamath et al. (2019)), additional model 
testing is required to see the effect of i) different bed load transport formulas; ii) different critical shear stress 
reduction formulas; and iii) other sediment related parameters and numerical methods, as they can reportedly 
determine the very nature of such morphodynamic simulations. 

 
4 CONCLUSIONS 
The LSM based modeling framework offers the robust numerical simulation of complex hydro- and 
morphodynamic conditions, making REEF3D and other competent CFD models valuable tools to complement 
or partially replace expensive and time demanding physical model experiments. It is noted, that due to the far 
from generalized theoretical background of bedload transport, additional numerical tests and sensitivity 
analyses are required in general, and in this particular case as well. 
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