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Synopsis 

An experimental setup has been developed to quantify the response of a horizontal-axis wind-turbine during a gust. Preliminary tests have been 

conducted in a towing tank to characterize the time lag in blade rotational speed in simulated gust conditions. Further tests will be conducted to 

observe the lag in power output, and the effects of blade inertia. Natural auto-rotating systems, such as the falling samara seed, can be taken as an 

inspiration for the current work on wind turbines due to their ability to adjust their rotational speed to an appropriate tip speed ratio during a gust [1]. 

Introduction 

With abundant wind available in northern Canada, the integration of horizontal-axis wind turbines in off-grid communities can potentially replace a 

considerable portion of the existing diesel systems. The benefits of such systems would include long-term, sustainable energy supply and an 

economic alternative to fossil fuels. On a societal level, this could lead to increased community self-reliance and substantial economic development 

[2]. The challenge lies in characterizing the intermittent nature of power output due to fluctuating wind conditions [3]. Often, this unsteadiness is 

caused by a gust, which is defined as a sudden increase in the oncoming air speed. Using a battery for energy storage to overcome this issue is often 

cost-prohibitive. Instead, if the intensity and duration of the second-to-second fluctuations can be predicted ahead of time via an aerodynamic model, 

these parameters can be fed to a real-time control system, which can in turn prepare the diesel system for changes in load. Predicting the rapid 

fluctuations in power in response to unsteady gusts will be crucial in allowing for the compensation of the load on the diesel subsystem. An accurate 

prediction of the time lag between wind speed and power production can be used to program a wind-diesel hybrid system, such that it can rapidly 

switch between diesel and wind. This will ultimately allow for an efficient use of the available wind.  

Methods and Preliminary Results 
An experimental setup (Figure 1) has been developed to observe the time lag of a model wind turbine in the OTTER Laboratory towing tank. A 

three-bladed rotor with blade aspect ratio of 4.5, rotor diameter of 0.30m (7% blockage), and tip speed ratio (λ) of 3 is currently being tested at 

various towing speeds. The experimental setup consists of a roller-chain system to transmit the torque and rotational velocity of the blades to the 

torque transducer and encoder, respectively. The parameter of primary interest is the time period over which the gust occurs (denoted by the 

dimensionless distance s*), which will be investigated over a Reynolds number range of 300,000 and 450,000. As shown in Figure 2, as the wind or 

towing speed (U∞), increases, the angle of attack (α), and drag force, parallel to the effective velocity (depicted in Figure 3) increase as well. The 

model blade has a twist distribution for optimum performance at a 5° angle of attack. While the entire blade has the same angular velocity, the 

tangential blade velocity increases with increased radius, as does the effective velocity and consequently the drag force. Beyond a critical angle of 

attack, the blade reaches dynamic stall, resulting in a sudden drop in power extracted by the wind turbine. This common phenomenon faced by wind 

turbines due to fluctuating wind conditions necessitates the current study on transient power output in unsteady conditions. 

         

 Figure 1. Experimental rig.          Figure 2. Angle of attack seen by the model twisted, flat       Figure 3. Velocity vectors and forces acting on a wind- 

      blade.                   turbine blade section [4].   

      
Figure 4. Steady-state test showing blade operation at λ =3.          Figure 5. Blade rotational speed during three different gust profiles. 

Conclusions and Next Steps  
From preliminary testing (Figure 5), the phase lag in blade rotational speed appears to be larger for higher s* values (i.e. lower gust accelerations). 

More tests are currently being conducted at additional s* values for further analysis. The next stage of this work will involve the quantification of the 

phase lag in the power output at each gust profile, and the development of an analytical model supported by the experiments. A mechanism for 

varying blade inertia will be developed to characterize the inertial effects as well. 
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