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Research problem

The hydrodynamic performance and the flow field of two horizontal-axis hydrokinetic turbines with and without a high-lift hydrofoil including a flap were investigated using computational fluid dynamics (CFD) simulation.
For improving the accuracy of the numerical simulation, the user-defined function (UDF) of 6-degrees of freedom (6-DoF) was used in the Ansys Fluent software. Unsteady Reynolds-Averaged Navier—Stokes (URANS)
equations coupled to the SST k — w turbulence model were employed during the simulation. A three-dimensional model of the turbines with three blades was conducted for obtaining the performance curve of the power
coefficient (Cp) versus the tip speed ratio (TSR). The maximum power coefficients (Cp,,,,) of the hydrokinetic turbines with and without a high-lift hydrofoil arrangement were 0.5050 and 0.419, respectively. Experimental

data from the literature were used for the validation of the numerical results, specifically for the case when a rotor with traditional blades is utilized. In general, the simulation results were in good agreement with the
experimental data.
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Material and methods
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Results and discussion
Fig. 5 shows the distribution of Cp with different values of TSR using the CFD approach and the
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Figure 4. Pressure contours of (a) the traditional hydrofoil and (b) the hydrofoil-flap arrangements Figure. 5. Variation of the power coefficient (Cp) vs. the tip speed ratio (TSR)
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Nomenclature

D: diameter of the rotor

R: radius of the rotor

7 location of each cross-section from the hub
B: blade twists angle

C: chord length of the hydrofoil

P: mechanical power output

p: fluid density
V': incoming velocity
w: angular velocity

Mg: total hydrodynamic moment acting on the turbine blade
M,: applied moment on the rotational axis for determining the power of the turbine
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