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A B S T R A C T
The large physical size of many rotating systems, such as the modern wind turbine rotor which now 
exceeds 200 meters in diameter, has created a disconnect between laboratory experiments and field-
scale operation. In addition to the size, which creates very large Reynolds numbers, these systems are 
also governed by a non-dimensional frequency based on the rotation rate. Conventional wind tunnels 
are therefore unable to match the aerodynamics of the field-scale systems. In this talk, recent work will 
be discussed which takes a new approach to performing experiments on large, rotating systems by 
using compressed air wind tunnel facilities. With extreme working fluid pressures in the tunnel of up to 
3,500 p.s.i. (241 bar), the Reynolds numbers of field-scale wind turbines can be achieved on small-scale 
models while simultaneously matching tip speed ratios. Results are presented on the performance 
scaling of both horizontal axis (or axial flow) and vertical axis (or cross-flow) wind turbines for a range 
of Reynolds numbers up to and exceeding those of field-scale units. Ongoing work is also discussed 
which will expand the benefit of using compressed air facilities to a wide range of unsteady and 
rotating systems.
B I O
Mark A. Miller is an Assistant Professor of Aerospace Engineering at Penn State University. He graduated 
from the University of Kentucky with B.S. and M.S. degrees where he was awarded a NASA Space 
Technology Research Fellowship and worked at both Ames Research Center and Johnson Space Center 
on modeling and experimental characterization of reentry heat shield materials. He earned his Ph.D. from 
Princeton University in 2018 for the study of high Reynolds number wind turbine performance scaling, 
work which continued as a postdoctoral scholar. Dr. Miller’s lab focusses on the fundamental fluid 
dynamics of unsteady and rotating systems by using a multifaceted experimental and theoretical 
approach. Ongoing projects span a wide range of fluid systems including unmanned aerial vehicle (UAV) 
flight profile characterization, turbulence modifications due to unsteady forcing, rotorcraft and wind 
turbine aerodynamic scaling, and development of innovative sensor systems which are tailored to these 
specific flow regimes.

Please join us for refreshments before the seminar, at 4:15pm in the Aero Cafe (225 Hammond).

4:40-5:30 pm | 220 Hammond Building

Exploring the Aerodynamics of Large Rotating Systems with High 
Pressure Experiments




