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Abstract
The recent research efforts in the speaker’s research group to characterize fluid-structure interactions
(FSI) of built structures with violent wind storms (i.e., tornadoes, downbursts and snow storms) will be
introduced. By leveraging the large-scale tornado/microburst simulators available at Iowa State
University, a series of experimental studies were conducted to quantify the flow characteristics of violent
tornado-like/microburst-like surface wind and to assess the resultant wind loads acting on built structures
(i.e., low-rise gable-roofed buildings, high-rise buildings and large-scale wind turbines) induced by
violent tornado-like/microburst-like winds, in comparison with those sited in conventional straight-line
atmospheric boundary layer (ABL) winds. In addition to measuring the surface pressure distributions to
determine the resultant wind loads acting on the test models, a digital particle image velocimetry (PIV)
system was also used to conduct detailed flow field measurements to quantify the wake vortex and
turbulent flow structures around the test models. The flow field measurements were correlated with the
measured surface pressure distributions and the resultant wind loads acting on the building models to
elucidate the underlying physics of flow-structure interactions between the violent wind storms and the
built structures in order to provide more accurate prediction of the damage potentials of the violent wind
storms. Icing represents the most significant threat to the integrity of wind turbines in cold weather.
Comprehensive experimental investigations were performed by using the unique Icing Research Tunnel
available at PI’s laboratory to quantify the transient behavior of wind-driven surface water film/rivulet
flows and dynamic ice accreting process over the surfaces of wind turbine blade models at different icing
conditions. The findings derived from the icing physics studies can be for more accurate prediction of
ice formation and accretion on wind turbine blades and to develop effective anti-/de-icing strategies for
safer and more efficient operation of wind turbines in cold weather.
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