Hydrodynamic modelling of a vertical-axis tidal current turbine using a Navier-Stokes solver
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A commercial Computational Fluid Dynamics program, which solves the viscous Navier-Stokes equations, has been used to simulate the flow of water through a vertical-axis tidal current turbine. The simulation geometry consists of a two-dimensional slice through the turbine in the horizontal plane, with the turbine blades in a rotating domain. The solution is transient, meaning that the angular position of the rotating domain is time dependent. A number of different geometries and operating conditions are considered. Results from this numerical simulation are compared to those from an analytical Blade Element Momentum model. The cyclical torque signal generated by a single blade on a turbine is used as a comparator. Qualitatively, the comparison is good with the salient features of the signal similarly represented. The greatest discrepancy in predicted torque occurs when the analytical model predicts the blades to be in stall and the numerical model does not. This may be due to the phenomenon of stall delay, which is not considered in the analytical model, or the failure of the numerical model to predict stall. Overall the numerical model gives valuable insight into the time varying nature of the flow through a vertical-axis turbine.







