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Abstract The presented work carries out a comparative study about the possibilities and effects that a dielectric 
barrier discharge (DBD) plasma actuator may have on the flow control around a solar tracker, with the aim of 
reducing the aerodynamic loads it might suffer. A solar tracker model with an attached DBD plasma actuator 
was put inside a low-speed wind tunnel and the aerodynamic loads were recorded by means of a six-component 
strain gauge at different angles of attack. First, the aerodynamic loads with no plasma were measured as a 
reference. Afterwards, different actuators were put on the leading edge of the tracker model. A sinusoidal input 
voltage was applied, varying the peak-to-peak value and the frequency. The wind speed was fixed. The obtained 
results show that the plasma actuator can significantly modify the aerodynamic loads of the tracker, but further 
investigation is needed. 
Keywords: plasma actuator, dielectric barrier discharge, solar tracker, flow control 

1 Introduction 

Solar trackers are structures that can usually be found in open spaces, with no other structures around. This 
means no shielding effect, so the wind conditions suffered by these devices can be very severe. When the 
trackers are facing a high-speed wind, they move to a guard position, limiting their operation. Since the trend 
regarding this kind of structures is to minimise the installation cost, lighter trackers are being built, reducing 
the bearable aerodynamic loads. More information about the state of the art of solar trackers and the 
importance and calculus of the aerodynamic loads on these structures can be found in [1]. Given that the 
aerodynamic loads play a very important role in the performance of the solar trackers, it seems that an active 
flow control around them may be a means to achieve a reduction of these loads.  
The active flow control mechanism chosen for this investigation is the dielectric barrier discharge plasma 
actuator (DBD). Plasma actuators are devices whose main advantage is achieving flow control without 
mechanical parts. There is a wide variety of these actuators, including different power input (AC or DC) and 
actuator arrangements for multiple effects in the flow control [2]. In particular, the DBD has two electrodes 
separated by a dielectric material, where one of them is exposed to the air and the other one is encapsulated 
with the dielectric. This actuator is driven by a high AC voltage between both electrodes and when it is high 
enough, the air over the encapsulated electrode is ionized, modifying the kinetic energy of the surrounding 
air. Several materials used either for the dielectric and the electrodes can be found in the literature [2][3][4]. 
The following sections describe the experimental setup, the test campaign, the obtained results and some 
conclusions extracted from them. This study was performed in the experimental aerodynamics facilities at 
the Instituto Universitario de Microgravedad “Ignacio da Riva” (IDR) belonging to the Universidad 
Politécnica de Madrid. 

2 Experimental setup 

The solar tracker was modelled as a flat plate allowed to rotate around a shaft. A goniometer set the desired 
angle of attack, 𝛼𝛼. The tracker was fixed to a six-component force/torque sensor, attached to the wind tunnel 
floor. In order to avoid the boundary layer of the wind tunnel, a false floor was raised. The chord of the 
tracker, 𝑐𝑐, is 20 cm, and the height between the shaft and the false floor, ℎ, is 11 cm, giving the relationship 
ℎ/𝑐𝑐 =  0.55. To ensure two-dimensional flow, the model was placed between two walls, one of them with a 
door in order to have access to the model. See Figure 1.  
Regarding the plasma actuator, three different kinds were built. Both electrodes were made of copper in all 
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of them, but the materials chosen for the dielectric were Kapton® and Mylar®. The characteristic 
dimensions of the plasma actuator are shown on Figure 1. Three different dielectric thicknesses, 𝑡𝑡, were 
tested: 250 𝜇𝜇m for the Mylar, 75 𝜇𝜇m for a single-layer Kapton and about 210 𝜇𝜇m for a three-layer Kapton. 
The actuator effective length is 15 cm spanwise.  
 

 
Fig. 1 Model installed in the wind tunnel test chamber (left). Sketch of the plasma actuator (right) 

 

3 Test campaign 

The general problem can have multiple degrees of freedom, but once the actuator is chosen (see Section 2) 
and the wind velocity is fixed (in this case 15 m/s), they are reduced to the angle of attack, 𝛼𝛼; the peak-to-
peak voltage, 𝑉𝑉𝑝𝑝𝑝𝑝, and the frequency, 𝑓𝑓, of the sinusoidal wave; and the position and the orientation of the 
actuator.  
The actuator was positioned on the leading edge of the tracker with two different orientations: one injecting 
the plasma flow in the same direction of the wind velocity (with the exposed electrode before the covered 
one) and vice versa (only for the Mylar actuator). The test matrix can be found on Table 1. 
 

Dielectric Orientation Layers 𝑉𝑉𝑝𝑝𝑝𝑝 [kV] 𝑓𝑓 [kHz] 
None None None None None 

Kapton Direct Single 6 0.75 
Kapton Direct Single 7 0.75 
Kapton Direct Single 8 0.75 
Kapton Direct Single 12 0.75 
Kapton Direct Single 6 2 
Kapton Direct Single 6 7 
Kapton Direct Single 6 9 
Kapton Direct Three 12 0.75 
Kapton Direct Three 16 0.75 
Kapton Direct Three 18 0.75 
Mylar Direct Single 6 5 
Mylar Direct Single 8 5 
Mylar Inverse Single 8 5 

Tab. 1 Test matrix. 
 

4 Results 

This section shows the curves obtained for the lift coefficient, 𝑐𝑐𝑙𝑙, for the configurations described on Table 1. 
It is defined as 
 
 𝑐𝑐𝑙𝑙 = 𝐿𝐿

𝑞𝑞∞𝑐𝑐
,  (1) 

 
where 𝐿𝐿 is the lift force, 𝑞𝑞∞ is the reference dynamic pressure and 𝑐𝑐 is the chord. 
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Fig. 2 Single layer Kapton actuator: lift coefficient, 𝑐𝑐𝑙𝑙, against the angle of attack, 𝛼𝛼 for different voltages. The solid 
line represents the situation without plasma. The dash-dotted line was obtained with 12 kV. The dashed lines were 

obtained with 6, 7 and 8 kV. The frequency is 750 Hz.  

  
Fig. 3 Single layer Kapton actuator: lift coefficient, 𝑐𝑐𝑙𝑙, against the angle of attack, 𝛼𝛼 for different frequencies. The solid 

line represents the situation without plasma. The dash-dotted line was obtained with 12 kV and 750 Hz. The dashed 
lines were obtained with 6 kV and 2, 7 and 9 kHz. 
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Fig. 4 Three layers Kapton actuator: lift coefficient, 𝑐𝑐𝑙𝑙, against the angle of attack, 𝛼𝛼 for different voltages. The solid 
line represents the situation without plasma. The dashed lines were obtained with 12, 16 and 18 kV. The dash-dotted 

line was obtained with 12 kV and one Kapton layer. The frequency is 750 Hz. 

  
Fig. 4 Mylar actuator: lift coefficient, 𝑐𝑐𝑙𝑙, against the angle of attack, 𝛼𝛼 for different voltages and orientations. The solid 
line represents the situation without plasma. The dashed lines were obtained with 6 and 8 kV and direct orientation. The 

dotted line was obtained with 8 kV and inverse orientation. The dash-dotted line was obtained with 12 kV and single 
layer Kapton dielectric. The frequency is 5 kHz for the Mylar and 750 Hz for the Kapton. 

 
 
 

-20 -10 0 10 20 30
 
[ ° ]

-1.5

-1

-0.5

0

0.5

1

1.5

c l

No Plasma

Vpp = 12 kV  3 layers
Vpp = 16 kV  3 layers
Vpp = 18 kV  3 layers
Vpp = 12 kV  1 layer

-20 -10 0 10 20 30
 
[ ° ]

-1.5

-1

-0.5

0

0.5

1

1.5

c l

No Plasma

Vpp =   6 kV  Mylar
Vpp =   8 kV  Mylar
Vpp =   8 kV  Mylar inv
Vpp = 12 kV  Kapton



15th International Conference on Fluid Control, Measurements and Visualization 
27-30 May 2019, Naples, Italy 
 
 

Paper ID: 251  5 
 

5 Analysis and conclusions 

Figure 2 shows that increasing 𝑉𝑉𝑝𝑝𝑝𝑝 clearly increases the lift coefficient. It is remarkable that this effect does 
not seem to appear progressively. When 𝑉𝑉𝑝𝑝𝑝𝑝 is set between 6 and 8 kV, no change in the lift coefficient is 
noticeable, only at very high angles of attack. However, when 𝑉𝑉𝑝𝑝𝑝𝑝 is set at 12 kV, the lift coefficient rises at 
small angles of attack, as if there were a threshold 𝑉𝑉𝑝𝑝𝑝𝑝. On thin aerofoils, the boundary layer starts detaching 
from the leading edge, which is the position of the actuator. With 12 kV the induced flow could be strong 
enough to reattach the boundary layer. This working condition is taken as a reference for comparison. 
Figure 3 shows that increasing 𝑓𝑓 also increases the lift coefficient, but in a different way. It has a greater 
effect, but it seems there is a top: comparing the result obtained for 7 and 9 kHz, there is no difference. 
Special mention deserves the few data recorded at high frequencies (reduced to one or two points of the 
curve). This was provoked by really early ruptures of the actuators. 
The effect of the thickness can be analysed in Figure 4. The three layer Kapton actuator seems to have no 
presence even at higher voltages. It should be taken into account that this actuator has adhesive between the 
Kapton layer, with different properties, so it could have influence on its behaviour. 
Finally, Figure 4 shows a comparison with other material. With the Mylar actuator the same effect was 
obtained with less voltage (8 kV instead of 12 kV) and was able to bear a higher frequency (5 kHz instead of 
750 Hz). This is interesting in terms of durability, since the Mylar actuator was able to work during a much 
prolonged time. Besides, inverting the orientation of the actuator has little effect under these conditions. 
To summarise, it has been proved that a DBD plasma actuator may be a powerful mechanism to modify the 
aerodynamic loads on a solar tracker. Higher voltages and frequencies augment the effect of the actuator, but 
decrease its durability, so this should be treated carefully. Increasing the thickness preserves the actuator at 
the cost of mitigating its influence. Therefore, a compromise solution and an optimal working condition 
should be found. Given the results, this may vary with the chosen material. 
Besides, the effect of the plasma only stands out at medium-high angles of attack. Around the guard position 
(𝛼𝛼 ≈ 0) the change on the magnitude of the coefficient is minimum. 
However, it is important to take into account that these are preliminary results for this investigation. 
The obtained effect was an enlargement of the aerodynamic loads, whereas the desired one is a reduction. 
Therefore, it is necessary to test more configurations of the actuator (both position and orientation). 
Furthermore, tests with other voltages and frequencies are to be performed. It could also be interesting 
supporting the experiments with flow visualisation techniques and flow velocity measurement. 
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