
Wind energy is one of the fastest growing renewable energy industries. Within the last

decades this development has created a demand for increasingly accurate and

efficient models for wind applications. Deeper knowledge of the wind behavior around

the blades and downstream of wind turbines, will aid the optimization of the design

process from aerodynamics to the final wind farm layout. Computational Fluid

Dynamics (CFD) is a promising tool that can be employed nowadays even to complex

industrial applications. These methods can efficiently capture the multiphysics of flow,

with a continuous perspective of reduction on their final cost. Still, there are several

challenges that need to be overcome. For the case of wake prediction it is more

efficient to use simplified models to represent the presence of the rotor (such as

Actuator Disc Models). However, the effects of neglecting physics, particularly in the

near region of the wake, remains an open question. In an attempt to describe better

these effects, a comprehensive study on the rotor aerodynamics and the near wake

region of the MEXICO wind turbine is described.
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Figure 2: Flow is blowing from a nozzle to a collector

The open-source software OpenFOAM was used in order to solve the 3-D Reynolds

Average Navier-Stokes (RANS) equations. The final computational domain is a

multiblock (9–blocks) domain of 53.859.714 cells and it was designed with the

OpenFOAM meshing tools blockMesh and snappyHexMesh. Simulations were

divided in two rounds of calculations, including the MEXICO full rotor, the hub and the

nacelle. Three different cases with a pitch angle of -2.3˚, yaw angle 0˚ and flow

velocities of 10, 15 and 24 m/s respectively, were simulated.

The first round consists of preliminary tests of the rotor in parked conditions. Here a

study of the computational mesh independence, the performance of the solver with

different boundary conditions and schemes and a mapping of the initial conditions has

been performed. Turbulence was modelled by three different closure schemes, namely

standard k–ε, standard k–ω and k–ω SST. Results of k–ω showed better

performance and the model was used also at the second round of calculations.

At the second round of calculations a momentum source was added to the flow field to

describe the rotation of the blades. The cell-zone condition namely MRF (Multiple

Rotating Frame) of OpenFOAM was used with a constant rotating speed of 424.5 rpm.
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Wind Tunnel Configuration

• tunnel speed: 5.5 - 30 m/s

• blockage of the model: 18%

• open test section: 9.5×9.5 m2

• closed circuit

• atmospheric

• continuous low-speed

Figure 1: MEXICO wind turbine model next to humans

Figure 3: Pressure distribution of MEXICO wind turbine model

Figure 4: Turbulence Kinetic Energy (k – term) of MEXICO wind turbine model

Comparison of the velocity deficit at the

wake of MEXICO wind turbine model in

various distances at the hub height
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