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ABSTRACT

Curved blades are an alternative for wind turbines operating at low Reynolds numbers, where
aerodynamic performance is strongly influenced by viscous effects, transition, and flow
separation (FAGBENRO, 2013; SOUSA, 2026). This study presents the numerical validation
of the flow over a circular-arc curved blade using Computational Fluid Dynamics (CFD). The
CA2 profile is considered, with a chord of 0.150 m, 10% camber, and 2% thickness, under a
Reynolds number of approximately 1.0x10° (BRUINING, 1979). The simulations are
performed in OpenFOAM 13 using the transitional £ - @ SST-LM turbulence model. A mesh
convergence study is carried out at an angle of attack of 8°, considering three meshes with
97,286, 171,806, and 284,068 cells. The intermediate mesh, with 171,806 cells, is selected as
the best compromise between aerodynamic accuracy and computational cost. Compared with
the finest mesh, differences of approximately 3.31% and 5.77% are obtained for the mean lift
and drag coefficients, respectively, while the computational cost of the finest mesh is about 65%
higher. The aerodynamic validation is subsequently performed for angles of attack from 0° to
12°, using time-averaged lift and drag coefficients over the simulated interval. The numerical
results showed satisfactory agreement with the experimental trends reported for the CA2
profile, particularly for lift in the intermediate range of angles of attack. Drag showed greater
sensitivity to the numerical model and mesh refinement, with larger discrepancies at the highest
angle investigated. Overall, the results indicate that the adopted CFD methodology is capable
of reproducing the main aerodynamic behavior of curved blades at low Reynolds numbers and

can be used as a basis for subsequent analyses of wind turbine blade configurations.
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