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Short description project aim and motive 

River dunes are large-scale dynamic bedforms subject to unidirectional flow. Their dynamic 
behavior poses a threat to navigation, and their presence imposes roughness on the flow. 
Increased roughness means increased water levels for a given discharge, and thus has 
implications for flood safety.  

From literature, we know that dune-induced flow roughness is attributed to flow separation and 
vortex shedding over the crest of these bedforms, which has been measured in experiments 
(Kwoll et al., 2017) and the field (Kostaschuk, 2000). Existing numerical modelling approaches 
can capture the physics of such highly complicated turbulent flows, however, it is not clear 
what the required model complexity should be. This introduces a tradeoff between simpler 
models based on the Reynolds-averaged Navier-Stokes (RANS) equations with fast 
computational times and eddy-resolving, e.g., detached eddy simulation (DES) or large eddy 
simulation (LES) models that are more detailed but typically have longer running times.  

Examples of the former category are the models of flow over dunes developed in a 2DV (i.e., 
2D assuming uniformity in the cross-river direction, Lefebvre et al., 2014) and 3D setting 
(Lefebvre, 2019). These studies led to new parameterizations of form roughness of river dunes. 
Lefebvre (2014, 2019) used Delft3D to model the flow over bedforms. However, we believe 
that OpenFOAM is a more suitable tool, as it is probably better capable of capturing all  the 
turbulent flow features. Furthermore, OpenFOAM enables the user to switch between a wide 
variety of modelling approaches (RANS, DES, LES) turbulence closure models (e.g., k – ε, k – 
ω, k – ω SST, etc.), boundary conditions, and meshing options.  

Your task is to develop a hydrodynamic model of flow over dunes within OpenFOAM, to 
analyze the effect of the induced turbulence on the flow, and to quantify the form roughness. 
The model will be validated against data from the literature (Lefebvre, 2014). Subsequently, 
with the developed model, you will design and perform additional numerical experiments to 
systematically investigate the influence of form roughness on the flow and develop appropriate 
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parameterizations. A foreseen challenge herein is to generalize the results to the great variety 
of dune dimensions and shapes as they are observed in the field. The modelling approach will 
be 2DV, which will allow fast running times.  

During this project you will get the opportunity to develop your numerical modelling skills in 
turbulent flows with the very popular OpenFOAM software. In addition, you will get 
acquainted with using high-performance computing, as the modelling runs will be carried out 
on the Dutch supercomputer Snellius. You will receive support in developing these skills, 
however, you need to have affinity with modelling turbulent flows.  
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