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Experimental Investigation of Unsteady Laminar-to-Turbulent Transition over a Wind

Turbine Blade Section
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Tehran, Iran
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Abstract

In this study, the laminar-to-turbulent transition over a wind turbine airfoil section was experimentally
investigated. Tests were conducted on a model representing a 660 kW wind turbine blade under static
conditions, with Reynolds numbers ranging from 0.13 to 0.53 million and angles of attack from -4° to 14°.
Transition onset was measured using pressure sensors and hot-film sensors, including two newly introduced
frequency-based analysis techniques. All methods, including the novel ones, showed good agreement in
detecting transition onset. Results indicated that as velocity and angle of attack increase, the transition onset
point moves backward, approaching the leading edge. At high angles of attack, the location of the separation
bubble onset was found to vary over time, causing temporal changes in the spatial position of the transition
onset. This unsteady behavior was effectively captured by observing a 180-degree phase change between
consecutive upstream and downstream hot-film sensors. Overall, the study provides a comparative
evaluation of transition detection methods and highlights the time-dependent nature of separation bubbles
at high angles, which is critical for understanding boundary layer behavior on wind turbine blades.

Keywords: Laminar-to-Turbulent Transition; Laminar-Separation Bubble; Hot-Film Sensor; Pressure
Transducer; Frequency Analysis.
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