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Using a divergent shape on both duct and 
channel increases the flow velocity through 
the turbine especially close to the frame walls.

The overset mesh approach, also known as chimera mesh technique is an efficient tool to 
simulate multiple bodies in relative motions. This approach has been successfully developed in 
CD-adapco StarCCM+ CFD solver. The overset allows the simulation of moving bodies without 
having to use costly techniques such as deforming mesh and remeshing.
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Acceptor cells are used to couple 
solutions on the two overlapping 
grids.

The background cells behind the overset mesh region 
are deactivated.

The hydrofoil motion is defined 
as a combination of a heaving 
motion and a pitching motion.

The growing demand in energy coupled with the existing environmental concerns 
motivate the development of alternative power-generation systems using renewable 
energies. A novel prototype of hydrokinetic turbine based on oscillating hydrofoils 
(Hydrolienne à ailes oscillantes HAO) has been under development for several years at 
the Laboratoire de Mécanique des Fluides Numérique (LMFN) of Laval University. 

To reliably predict the performances of the HAO hydrokinetic turbine, a complete 
representation of the system has to be numerically simulated in order to study the impact 
of multi-body interactions. The simulation of multiple bodies in relative motion represents 
a challenge for CFD simulations and meshing strategies. In this work, we rely on overset 
mesh techniques to overcome this challenge. The optimization of the frame shape in 
order to increase the hydrokinetic turbine performance is also presented to show an 
example of study that became realizable using overset interfaces.

This meshing technique can be used to 
simulate complex motions such as those 
involving interactions between moving bodies 
in close proximity or intersecting paths and 
those with large motions. 

This method simplifies the meshing process in 
the case of parametric studies involving shape 
optimization. Testing multiple geometries 
requires only to modify the superposed mesh, 
the background mesh remaining the same. 

Increasing the     angle tends to 
increase the mass flow through the 
turbine and thereby the power output 
until stall occurs on the duct leading 
edge.
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Modeling the frame structure influences significantly 
the performances predicted. A complete  
representation of the turbine (including the 3D 
frame structure) has to be simulated in order to get 
good performance predictions.

Optimizing the frame shape allows us to get a 
power output comparable to the one obtained with 
a 2D simulation including the frame. 

The distance     between the duct and 
the maximum position of the foil has a 
small but noticeable impact on the 
power output.

Mesh representation of hydrofoils oscillating in a tandem configuration with 
contours of Q-criterion colored by the turbulent viscosity ratio.

Contours of cycle-averaged streamwise velocity with streaklines in a plane at              .

Contours of cycle-averaged streamwise velocity entering the turbine. 

Vorticity fields (positive:red, negative:blue)
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Project website: http://www.hydrolienne.fsg.ulaval.ca/
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