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Hydro-Québec is a public utility that operates a fleet of more than 340 hydro-generating 

units housed in 60 power plants. This fleet includes 26 large reservoirs impounded by 

664 dams and 97 hydraulic control structures. As part of its mission to generate 

electricity efficiently, Hydro-Quebec’s Production division (HQP) must also ensure the 

safety of its dams and hydraulic structures. To do so, it performs 3D free-surface flow 

modeling to evaluate spillway discharge, head losses and scour risks as well as to 

optimize reservoir management.  

Engineers at HQP have access to a large parallel computing cluster to compute 3-D free-

surface flows in hydraulic control structures. However,  this cluster is underused due to 

licensing constraints imposed by other commercial flow codes. These only allow a 

limited number of simultaneous computations. OpenFOAM is an attractive alternative 

that offers an unlimited number of parallel simultaneous computations while having the 

capabilities of modeling free-surface flows.  

An innovation project is underway to evaluate if the OpenFOAM platform can be 

effectively used for the numerical flow modeling of hydraulic structures. At first, a 

standard sharp-crested weir validation case was used to evaluate pre-processing, 

solving and post-processing performances. The blockMesh and snappyHexMesh tools 

provided with OpenFOAM were used to generate the mesh. The turbulent, transient 

two-phase flow solver interFoam with k-ε turbulence modeling was selected for the 

numerical computations. This solver is based on a volume of fluid approach.  



Figure 1a shows the free-surface location (volume fraction equal to 0.5) for a weir head 

(upstream water level) of 0.3 m obtained by imposing a mass flow rate at a submerged 

inlet. Top and mid-plane views of the nappe flow are also shown. The discharge relation 

is plotted in Figure 1b and compared to Kindswater and Carter’s correlation for a 

rectangular weir with end contractions. The computed weir heads for the prescribed 

flow rates are in good agreement with the theoretical relation. 
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Figure 1: Free-surface plots for weir head 0.3m and discharge relation 

In this presentation, we will share the challenges that we have met while developing a 

methodology to specifically use OpenFOAM for the numerical simulation of flow in 

hydraulic control structures. Work remains to be done to impose adequate boundary 

conditions. It is common practice in civil hydraulic applications to impose upstream and 

downstream water levels. It is also important to determine the meshing characteristics 

required for the analysis. Besides discharge relations, the ability to predict 

hydrodynamic loads on control structures and stilling basins is also of interest. It may 

influence the choice of near-wall mesh discretization. 

Further work is underway to analyze the flow in spillway structures and other hydraulic 

control structures. Figure 2 illustrates the flow velocity contours for one of Hydro-

Québec’s flat sill spillways. 

 

Figure 2: Flow velocity contours downstream of spillway


