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Abstract. Wind energy is a renewable energy that is easily obtained and friendly to the environment. The Darrieus wind 
turbine is a turbine model that is suitable for use in areas with low wind speeds. A Gurney Flap can be added to an 
aerodynamic device, such as a car spoiler, to improve the spoilers performance. In this study, Gurney Flaps were  added 
to the Darrieus wind turbine to increase the turbines performance. The research objective was to study the effect of the 
Gurney Flap addition on the Darrieus wind turbine characteristics and the optimum geometry of the Gurney Flap. An 
experimental study was conducted on conventional Darrieus wind turbines and modified Darrieus wind turbines with the 
addition of Gurney Flaps, with angle variations of 90°, 120°, and 150° at the height of the Gurney Flap at 2% of the chord 
length. Each variation was tested at wind speeds of 7 m/s, 8 m/s, and 9 m/s. The experiment result angle variation of 120⁰ 
obtained the best (Cp) power coefficient of 0.228 at a TSR of 1.166. 

INTRODUCTION 
The continuous use of fossil fuels results in future fuel scarcity and causes air pollution. Therefore, renewable 

resources are needed as a breakthrough to reduce environmantal pollution. Very promising energy sources include 
wind, hydro, biomass, solar and geothermal [1]. Wind turbines are devices that are used to extract power from wind 
energy. The principal of a wind turbine is to convert mechanical to electrical energy. Generally, wind turbines are 
divided into two types: Horizontal Axis Wind Turbines (HAWT) and Vertical Axis Wind Turbines (VAWT) [2]. 
The significant differences between the two types of wind turbines HAWT is usually used in large-scale energy 
generation: otherwise, VAWT is usually used in small and micro-scale energy generation [3].  

The VAWT has the disadventage of low power efficiency. The research is starting to be in great demand because 
VAWT is suitable for use in areas that have low wind speeds and the advantages of low production cost, low 
operating noise, and large-scale compatibility [4]. The most interesting VAWT are the Darrieus wind turbine and the 
Savonius wind turbine, each of which has advantages and disadvantages. High efficiency is a benefit of the Darrieus 
and Savonius wind turbines. Low starting-torque is one of the Darrieus wind turbine drawbacks [5]. 

One of the methods used to increase the performance of the Darrieus wind turbine is by adding devices to the 
airfoils. The devices used are passive and active flow control. The Gurney Flap is a category of passive flow devices 
used to effectively increase the design lift coefficients of airfoils [6]. The Gurney Flaps that are attached to the 
airfoil can separate the characteristic vortices that result in an increase in the suction on the airfoil upper surface and 
pressure on the airfoil lower surface. Therefore, there is a substantial increase in the lift coefficient [7]. Systematic 
experiments on a Newman airfoil (which is a summetrical airfoil shape) showed that at the height of the Gurney 
Flap, 2% of the chord length can maximize the aerodynamic benefits [8]. Another study considers the simulation of 
a modified airfoil with variations in Gurney Flap at 2%, 5%, and 7% chord length to improve turbine performance 
[9]. 

Bianchini et al. conducted a simulation by modifying the Gurney Flaps on a three-blade Darrieus wind turbine. 
Adding inboard, outboard, and  both Gurney Flap in a 2% chord of the length as a result, there is an increase in the 
power coefficient by 20% compared to conventional turbines. The dominant effect of adding a Gurney Flap is the 
lower Tip Speed Ratio. A Gurney Flap on the Darrieus wind turbine airfoil with a variation Angle Of Attack also 
increases the power coefficient on the Darrieus wind turbine [11]. 
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In previous research, the addition of a Gurney Flap on the Darrieus turbine was carried out at a 90° angle 
mounted on the trailing edge airfoils. In this study, experiment variations of 90°, 120°, and 150° were carried out to 
find the highest power coefficient. The Gurney Flap is attached to the trailing edge in the outboard position at the 
high Gurney Flap, 2% of the chord length. 

IMPORTANT PARAMETER 
Wind turbine performance can be determined using several parameters. Tip Speed Ratio (𝜆𝜆) by using Eq.1. 

𝜆𝜆 = 𝜋𝜋𝜋𝜋𝜋𝜋
60𝑣𝑣

         (1) 

Where, 

 𝜆𝜆          = Tip speed ratio 
 𝐷𝐷         = Rotor diameter (m) 
 𝑛𝑛          = Rotor rotation speed (rpm) 
 𝑣𝑣          = Wind velocity (m/s) 

The torque coefficient (𝐶𝐶𝑚𝑚) can be determined by using Eq.2 and the power coefficient (𝐶𝐶𝑝𝑝) by using Eq.3. 

𝐶𝐶𝑚𝑚 = 𝑀𝑀
0.25 𝜌𝜌𝑣𝑣2𝜋𝜋1𝑆𝑆

       (2) 

𝐶𝐶𝑝𝑝 = 𝑃𝑃
0.5𝜌𝜌𝑆𝑆ˈ𝑣𝑣3

        (3) 

Where,  

 𝐶𝐶𝑚𝑚 = Torque coefficient 
 𝑀𝑀 = Torque (𝑁𝑁𝑁𝑁) 
 𝜌𝜌 = Air density (𝑘𝑘𝑘𝑘 𝑁𝑁3⁄ ) 
 𝑣𝑣 = Air velocity (𝑁𝑁 𝑠𝑠⁄ ) 
 𝐷𝐷1 = Turbine outside diameter (𝑁𝑁) 
 𝑆𝑆 = Rotor swept area (𝑁𝑁2) 
 𝐶𝐶𝑝𝑝 = Power coefficient  
 𝑃𝑃 = Turbine output power (𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤) 

EXPERIMENT EQUIPMENT AND MEASUREMENT METHODOLOGY 
An experimental study was conducted on a wind tunnel scale wind turbine of a certain size [12]. The wind tunnel 

(Fig.1) equipment consists of a contraction section and a test section. The contraction section consists of a diffuser, a 
settling chamber, and a fan to control the flow velocity. The test section has dimensions and a place for turbine test 
torque. The torque was calculated using the difference in the forces of the turbine as measured by the scale and the 
drive shaft radius. The turbine power can be obtained from the torque, which was combined with the turbine 
rotational speed of the turbine, which was taken from a one-turn optical tachometer [13]. The wind tunnel parts are 
shown in Table 1.  
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FIGURE 1. Wind tunnel.  

TABLE 1 

 Wind Tunnel Parts 

Number Description 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Wind direction 
Diffuser 

Anemometer 
Test section 

Darrieus Turbine 
Diffuser 

Fan 
Load cell 

Prony brake 
 
For the experiments in this study, we used a Darrieus wind turbine with the specifications listed in Table 2. The 
prototype Darrieus wind turbine with Gurney Flap is shown in (Fig. 2 (a)) and the 3D view in (Fig. 2 (b)). 

   TABLE 2  

   Turbine Specification 

Parameter Value 
Airfoil 
Diameter 
Turbine high 
Angle of Attack 
Gurney flap height 
Number airfoil 

NACA 0024 
200 𝑁𝑁𝑁𝑁 
200 𝑁𝑁𝑁𝑁 

15° 
2% 𝑜𝑜𝑜𝑜 𝑤𝑤ℎ𝑒𝑒 𝑐𝑐ℎ𝑜𝑜𝑜𝑜𝑜𝑜 𝑙𝑙𝑒𝑒𝑛𝑛𝑘𝑘𝑤𝑤ℎ 

3 
 

The Darrieus wind turbine was constructed airfoil using 3D printed airfoil made of PLA (Poly Lactic Acid) 
material and articulation connection with 2 mm thick aluminium material. The Darrieus wind turbine with outboard 
Gurney Flap. This also varied the number of blades using three airfoils with an angle variations of 90°, 120°, and 
150° at the high Gurney Flap 2% of the chord length (Fig. 3).  
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(b) 
 

FIGURE 2. (a) Prototype Darrieus wind turbine; (b) 3D view. 

 

 

 

 

 

 

FIGURE 3. Darrieus wind turbine configuration 90°, 120°, and 150° angle variations. 

RESULTS AND DISCUSSION 
Angle variations of the Gurney Flap on Darrieus wind turbine were obtained as experimental results  (Cp) and 

(Cm) (Fig. 4). The results obtained show Cp and Cm values toward TSR. The result showed that all angle variations 
in increasing the power coefficient, if compared to conventional Darrieus wind turbines, increase until a certain TSR 
begins to decline. The turbine showed the best performance with Gurney Flap on angle variation of 120° generating 
the highest power coefficient value of 0.228 at a TSR of 1.166. In addition, the torque coefficient decreases with an 
increasing Tip Speed Ratio. The turbine with the Gurney Flap at various angles produces the heighest torque 
coefficient value of 0.200 at a TSR of 1.025.  

The results reveal that adding a Gurney Flap lengthens the airfoil chord, which affects the area of wind power 
extraction. Furthermore, the installation of a Gurney Flap, bubble separation occurs on the trailing edge, which can 
increase lift force on the airfoil of 120°. At a particular range TSR, the Darrieus with an added outboard Gurney 
Flap is successful in increasing the Cp with each solidity [14].  
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(a)  

 

 

(b) 

FIGURE. 4. (a) Graph Of The Relationship Of 𝑪𝑪𝒑𝒑 With TSR In Gurney Flap Variation; (b) Graph Of 𝑪𝑪𝒎𝒎 The 
Relationship Of With TSR In Gurney Flap variations 

 

CONCLUSIONS 
The additional outboard Gurney Flap, as well as angle variations of 90°, 120°, and 150° at the high Gurney Flap, 

account for 2% of the chord length and influence Cp and Cm of the Darrieus wind turbine. Each variation was tested 
at wind speeds of 7 m/s, 8 m/s, and 9 m/s. The maximum Cp and Cm produced by the Darrieus wind turbine with 
Gurney Flap have an angle variation of 120°. The wind turbine with an angle variation of 120⁰ the maximum Cp of 
0.228 at a TSR of 1.166.  
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