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With an ever increasing energy demand the world is looking for new sustainable energy technologies or improving 
current energy technologies to reach the planet’s energy demand. For that reason, the interest in using wind 
energy for electricity generation purposes has rapidly increased. Especially in regions where wind is in abundance, 
like in northern Europe, energy extracted from wind plays an important role in the transition towards a more 
sustainable energy future. To increase the electricity output of a single wind farm requires locating multiple wind 
turbines close to another, also giving economic advantages and solving maintenance issues. So, often wind farms 
are designed to produce as much power while requiring as little space as possible. However, one important 
disadvantage that must be taken into account when locating many wind turbines on a small area of land or sea is 
the Wake Effect. 
 
The wake effect results from the first law of thermodynamics and the rotational motion of the wings. It results in 
decreased wind speeds downwind of the sweep area of a rotor and the swirling of air of the altered wind flow. In 
the far wake the vortices created by the wake effect eventually collapse and mix wind from the undisturbed 
ambient boundary layer with the wake flow. This will eventually lead to re-energising of the wind flow. Exactly at 
that location where the wind flow is almost fully re-energised should wind turbines in a wind farm be located. This 
raises the question whether it is possible to enforce re-energising of the wake flow closer behind a wind turbine so 
that other wind turbines could be located closer together and wind farm efficiency could be increased. 
 
A few technologies are being researched to enforce more rapid mixture of the undisturbed ambient boundary layer 
with the wake flow. One promising technology is the use of kites, that induce downwash. As a kite experiences two 
different pressures underneath and above its body, at the tips of the kite, wind flows from the high to the lower 
pressure region. This creates a vortical movement of wind around the kite’s tips (figure 1). These vortices change 
the wind speed and direction and result in an additional velocity generated downwards named downwash. The 
larger the downwash, the more wind flows into the wake and the quicker the wake flow is re-energised. 
 
Momentum theory of lift provides an expression relating the downwash velocity, the coefficient of lift and the 
aspect ratio. It is this formula that presents a possibility to increase downwash and thus result in an enhanced wind 
farm wake flow increasing the wind farm efficiency. The topic of this Master Thesis Project is a computation fluid 
dynamic (CFD) investigation to the kite parameters that optimise the principle of downwash. With this, at least, a 
wind farm efficiency increase of 1% should be reached. 
 



 
FIGURE 2: PRINCIPLE OF DOWNWASH TO INCREASE WIND FARM 

EFFICIENCY BY QUICKER ENHANCEMENT OF THE WAKE FLOW. 
FIGURE 1: VORTICES CREATED BY WIND FLOWING FROM 

HIGHER PRESSURE REGION TO LOWER PRESSURE REGION. 


