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SWiFT Experimental Campaign

• Understand complex wake flows
• Highly instrumented blades and new blade designs, new measurement technologies
• Better understanding of scaling effects so results are relevant to MW turbines
• Followup to blade load distribution, shear, and TI study
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VWiS: A high fidelity simulation tool

• Virtual Wind Simulator (VWiS) developed St. Anthony Falls Lab,
University of Minnesota

• Incompressible continuity and Navier-Stokes equations
• Second-order central differencing; Second-order fractional step
• Large-eddy simulation with dynamic subgrid scale model
• Actuator disks, actuator lines, actuator surfaces and geometry resolving
• Capable of curvilinear immersed boundary method, complex terrains and

an elastic blade
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Turbulent Inflow Precursor

• (a) Coarse grid periodic simulation
• (b) Fine grid simulation using inflow interpolated from coarse grid

simulation
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6 Simulation Cases

• λ = 9 (Region II), 4.7 (Region III)

• Wind Direction South, South-West, and West
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Simulation Parameters
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Instantaneous Velocity Field - South
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Turbulent Kinetic Energy - South
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Thrust Force - South
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Instantaneous Velocity Field - West
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Instantaneous Velocity Field - South-West

10/12



Large-eddy simulation
of SWiFT turbines in

different wind directions

Xiaolei Yang, Daniel
Foti, Christopher L.

Kelley,
Fotis Sotiropoulos

Motivation

VWiS

Inflow

Simulation Cases

Wake Results

Performance Results

Conclusions

Array Performance
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Conclusions

• λ = 9, Region II

• TKE rapidly expanded to entire wake width
• Downwind turbines have significantly higher fluctuations in CP and
CT

• Wake meandering was observed

• λ = 4.7, Region III

• Unsteady thrust force on upwind and downwind turbines were equal

• Blockage effect on T2 in SW wind
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