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ABSTRACT 

CFD Analysis of a Wind Turbine Airfoil with Flap 

By 

Heyou Tan 

Master of Science in Area of Study 

Washington University in St. Louis, 2020 

Research Advisor: Professor Ramesh K. Agarwal 

 

The focus of this thesis is to evaluate the aerodynamic performance of NREL S809 airfoil (widely 

used airfoil for wind turbine blades) with a trailing-edge flap by numerical simulations. In the 

simulations, the geometry of the flap and the gap between the main element and the flap are varied. 

The airfoil geometry is created in Design Modeler and structured mesh around the airfoil is 

generated using meshing software ICEM. Simulations are performed using the Reynolds-

Averaged Navier-Stokes (RANS) equations with SST k-ω, Spalart-Allmaras (SA) and Wray-

Agarwal (WA) turbulence models at Reynolds number 106 at angles of attack of 0o, 5o, 10o, 15o, 

and 20o. First, numerical solutions are validated against the experimental data for S809 airfoil 

without flap. Then the numerical simulations are conducted with a Gurney flap at various angles 

of attack. The lift coefficient and the drag coefficient are calculated and are compared with S809 

plain flap to and Gurney flap to evaluate the effect of flap on the airfoil performance. The velocity 

and pressure contours are plotted and compared for airfoil within three turbulence models on two 

different types of flaps to analyze the details of the flow field and pressure distribution. Computed 

results show that the presence of trailing-edge Gurney flap provides higher lift and lift-to-drag 

ratio compared to original airfoil demonstrating its promise for larger wind energy extraction.  
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Chapter 1: Introduction 

This chapter provides the background of the wind energy demand and methods used to improve 

aerodynamics performance, the scope and strategy  of this thesis is also included. 

1.1 Motivation 
As tremendous energy demand from cross-world industrials and facilities increases, new type of 

energy replacement has been on stage of environmental preservation issues. Among renewable 

energy categories, wind energy has obtained advantages of free-use, controllable, unlimited by 

regions and weather, and massive capacity factor. According to Wind Technologies Market Report 

[1] in 2017 by the U.S. Department of Energy (DOE), wind power has reached a peak point of 

7,017MW working load added in the United States with a $11 billion investment. 

Technically, it is of great importance to improve wind power coefficient, contributing effective 

engineering output, and this can be addressed by wind blade optimization, which converts more 

energy on the airfoil of blades. Horizontal-axis-wind-turbines (HAWTs), are one of the two 

industrial-applied axis wind turbines, generate power as a linear correlation with lift coefficient(Cl) 

over drag coefficient(Cd), hence, the ratio of Cl/Cd is a significant parameter of increasing 

aerodynamics performance.  

1.2 Scope of the Thesis 
One of the goals in this thesis is to figure out coefficient improvements deploying flap at trailing-

edge of an airfoil. Recent study has shown that there are enhanced investigations upon large-scale 

blade designs for wind turbines, of which target is to decrease quantities of wind towers and power 
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cost, by augmenting lift coefficient and lift-to-drag-ratio [2]. And this approach would be satisfied 

by the installation of various types of rotatable flaps. 

It also presents experimental analysis of a trailing-edge flap under variable angles of attack and 

flap deflection angles and the effect of vortex generation due to adverse pressure gradient and 

larger flap deflection angle. The NREL S809 laminar-flow airfoil, obtains a chord length of 

1000mm and thickness of 21%, is an ideal proscribed model for HAWTs [3][4]. Flow field is setup 

as default in FLUENT, and wind velocity is derived from IEC Wind Class 1 datasheet, airfoil is 

subjected in low Mach number flow, which is considered as incompressible flow, corresponding 

to one million of the Reynolds numbers. Commercial computational fluid dynamic software 

ANSYS FLUENT is applied in this paper and entire aerodynamic data is predicted by solving 

Reynolds-Averaged Navier-Stokes (RANS) equations at angles of attacks from 0 to 20 degrees 

and flap deflection angles from -5 to 10 degrees. The results meet the agreement with a growth of 

lift coefficient, drag coefficient and Cl/Cd ratio, in addition to vortex on the upper surface is 

remarkably eliminated by the introduce of trailing-edge flap. 
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Chapter 2: Methodology 

2.1 Physical Model 

According to a paper by Douvi and Margaris [5], a comparison between aerodynamic performance 

of NACA 0012 and NREL S809 wind turbine airfoil has been conducted, and it was concluded 

that latter operates at a superior level, the turbulence model selection would also be discussed in 

the thesis. Because of the assets of S809, it is selected, previous experimental data also showed 

that there is only laminar flow over the forward half of the surface when angle of attack is below 

5°, backward half airfoil endures laminar separation due to turbulent reattachment [6]. As angle of 

attack is increased further, separation region moves towards leading-edge, and finally stall is taken 

place at approximately 20°. 

The length of airfoil chord is setup as 1000mm. Barlas [7] indicated that a 10% overall chord 

length trailing-edge flap obtained a good control of aerodynamic load fluctuations, utilizing a flap 

deflection angle range from -5 to 10°. Unsteady fluctuations on blades considerately affect the 

lifetime and reliability of wind turbine system [8], therefore, flap deflection angle and flap gap 

should be taken into account when designing a physical model. The flap gap distance is set to 1mm, 

where greater difference provides lower aerodynamics performance. Figure 1.1 displays the 

schematic of general physical geometry 

Table 2.1: Chord and Flap Settings 

 S809 airfoil 

Chord length  1000 mm 

Max thickness  210 mm 

Length of flap 100 mm 

Angel of attack 0 - 20 deg. 

Flap Deflection -5 - 10 deg. 



13 

 

 

 

Flap Gap  1 mm 

 

Figure 1.1 Modeling of S809 airfoil with trailing-edge flap 

 

 

2.2 CFD Simulation 

2.2.1 Simulation Method 

The commercial CFD software ANSYS FLUENT 19.2 is employed in the simulations. The steady 

compressible Reynolds-Averaged Navier-Stokes (RANS) equations are solved using the finite 

volume method with SST K-ω, Spalart-Allmaras and Wray-Agarwal turbulence models. The SST 

k-ω turbulence model is a two-equation eddy viscosity model combing the best characteristics of 

the k-w and k-ε turbulence models.  The Spalart-Allmaras turbulence model is the most commonly 

used one-equation eddy-viscosity turbulence model. All computations are performed in double 

precision. A second order upwind scheme is utilized for the convection terms and a second order 

central difference scheme is used for the diffusion terms. The SIMPLE algorithm is employed for 

the pressure-velocity coupling. Menter [9] developed the shear-stress transport (SST) k–ω model 

and it is advantageous of more accurate and reliable when separation flows occur under adverse 

pressure gradient, where the phenomenon is likely to appear in turbulence flow. Consequently, the 

specific turbulence model is selected, in the meantime, since the flow is considered at 

incompressible, there is no energy equation added into the system. The Wray-Agarwal model is a 

one-equation eddy-viscosity model derived from k-ω closure. Like the SST k-ω model, it behaves 

like k-ω model near the wall behavior and like k-ε model in free-stream. It has been applied to 
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several canonical cases [10] and has shown improved accuracy over the SA model and 

competitiveness with the SST k-ω model for wall bounded flows with small regions of separation  

 The implementation of WA model is operated with UDF file named “Wray-Agarwal 2017m” 

version and has been extended to Wall-Distance-Free (WDF) version  and to transitional flows 

(WA-γ) by including the intermittency equation 

2.2.2 Boundary Conditions 

For airfoil in the unbounded flow, the inlet, outlet  boundaries are located 40c away from the airfoil. 

Standard air parameters include environmental temperature = 273.15K, air density is ρ = 1.225 kg. 

m-3 and the viscosity is μ = 1.7894e-5 kg. m. s-1. Subsequently, inlet velocity is set to 15m/s, known 

as the free stream velocity, outlet gauge pressure defaults as 0 pascal, and these are regarding to 

Reynolds number reaches 106. Angle of attack varies the velocity inlet components with X and Y 

velocity (X-velocity is set to cosine angle of attack and Y-velocity is set to sine angle of attack). 

The author studies AoA ranging from 0 to 10 in this research and the airfoil is set as a no-slip 

stationary wall.  

2.3 Governing Equations 
Thanks to the low Reynolds number of the wind turbine, the flow field near the airfoil and flap 

can be considered as an incompressible viscous fluid. The solution is based on the incompressible 

Reynolds averaged Navier–Stokes (RANS) equations, which can be written as 

 

where Ui is velocity; P is incompressible pressure, ρ is density, ν is kinematic viscosity, and fi 

is  the added body forces. The expression and values of those variables are provided in Ref.[11]. 
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The incompressible pressure coefficient can be written as follows: 

𝑃𝑟𝑒𝑠𝑢𝑟𝑒 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 = 1 − ( 
𝑈

𝑈∞
)

2

 

U is inlet velocity and 𝑈∞ is far field velocity, and the maximum possible value of the Cp at 

the stagnation point in incompressible flow is 1. For dimensional analysis, Cp depends on Mach 

number, Reynolds number, shape, orientation of body and location on body 

The lift coefficient relates the AOA to the lift force and can be calculated from: 

𝐿𝑖𝑓𝑡 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 =
2𝐿

𝜌∞𝑈∞
2𝐴

 

where L is lift force, 𝜌 is density , U is velocity and A is airfoil area. The lift coefficient also 

contains the complex dependencies of object shape on lift 

The drag coefficient is value of the effectiveness of a streamline aerodynamic body shape in 

reducing the air resistance to the forward motion, which described as  

𝐷𝑟𝑎𝑔 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 =
𝐷

𝜌∞𝑈∞
2𝐴/2

 

It contains not only the complex dependencies of object shape and inclination, but also the effects 

of air viscosity and compressibility. But the compressibility effects are negligible at low speeds  

2.4 Mesh Generation 
In the meshing process, a C-H domain is selected with 20 times of chord length from inlet boundary 

to airfoil and the same distance along to the outlet boundary. After calculation of mesh independent 

study, 150,000 quadrilateral cells are conducted to achieve accurate numerical solutions. Results 

from ICEM illustrated a first boundary layer thickness of 2.3e-5m and a Y Plus value of 1in Fig 

2.1. Orthogonal quality is a mesh quality method, which tests out the first layer cell angle 

perpendicular to the prescribed surface and this method is applied, gives average orthogonal 
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quality 0.96 in Fig 2.2(a). In addition, author used another mesh quality method named aspect ratio 

to provide further refinement of grid controls, Fig 2.2(b) represents the average number of aspect 

ratio is 1.26 of the refined grids. Both of the quality approaches are within a reasonable range and 

afford experimental accuracy for numerical solutions. 

 
Fig 2.1 Computational structured grids 

 

 
Fig 2.2(a) Orthogonal quality; Fig 2.2(b) Aspect ratio quality 

 

2.5 Validation of the Solution Methodology 

The validation case of  was conducted for commercial solver, ANSYS Fluent. Experiment data 

of Bofeng et al. [8] is used to validate the numerical solution methodology. Fig 2.3 shows the 

comparison between calculated data from CFD and experimental data for S809 airfoil and a range 
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of angle of attack -5 degree to 25 degree is subjected to X-axis coordinate, coupling with a Y-

axis coordinate of lift coefficient and drag coefficient. It is clearly to observe that two curves 

perfectly meet agreement before 17.5 degree, as stall occurs when angle of attack continues to 

increase. Besides, stall phenomena act that the calculated lift coefficient data is slightly greater 

than experimental data and CFD drag coefficient data is smaller than that from experimental data. 

And this also could due to various boundary conditions and initial predictions. In summary, this 

calculation validates the numerical approach employed. 
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Fig 2.3 Lift and Drag coefficient of S809 airfoil 
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Chapter 3: S809 Airfoil with Plain Flap 

Simulation  
3.1 Flow Field Information and Discussion 

According to the previous validation test, aerodynamics characteristics can be significantly 

influenced by angle of attack, near the airfoil tip. Since there is a non-stall to stall angle of attack 

range, included 0, 5, 10, 15 and 20 degree, these angles are selected and compared. Flap deflection 

angle is 2.5 degree in this scenario in order to set up simplex variable, and all other parameters are 

identical as boundary conditions implemented by three different eddy-viscosity turbulence models.  

3.1.1  Behaviors under Spalart-Allmaras (SA) One-Equation Model  

Fig 3.1 shows the velocity contours under five angles of attack, it can be seen that there is a 

decreasing velocity gradient on the lower surface as AoA is increasing( stagnation point is clearer 

to see). The maximum velocity is also increasing at the leading edge when degree goes up, until it 

stops at 20 degrees. Another finding is the separation region starts to expand as AoA is over 10 

degrees, where stall is occurred, and it is continuous to enlarge and completely cover the upper 

surface.  

Fig 3.2 displays the pressure coefficient contours: as the developing angles, lower surface 

generates bigger pressure, causes higher lift force, while the maximum lift power places at 15 

degrees angel of attack and decreasing afterwards. Besides that, due to plain flap introduction, 

there is also a rising pressure difference near the rear edge, however it is not obvious at the initial 

AoA condition. Plus, some anomalous pressure jump region located at high angle ranges, where it 

can be explained by the flow separation.  
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Angle of attack = 0 degree                                             Angle of attack = 5 degrees  

         

Angle of attack = 10 degrees                                            Angle of attack = 15 degrees 

 
Angle of attack = 20 degrees 

Figure 3.1 Velocity contours at plain flap in SA model 
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Angle of attack = 0 degree                                                         Angle of attack = 5 degrees    

             

Angle of attack = 10 degrees                                                        Angle of attack = 15 degrees   

 
Angle of attack = 20 degrees    

Figure 3.2 Pressure contours at plain flap in SA model 
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3.1.2  Behaviors in Shear-Stress-Transport (SST) k-ω Two-Equation Model 

Fig 3.3 shows various velocity graphs exerted by SST K-ω model. When angle of attack is below 

10 degrees, there is obvious velocity jump region on the lower surface and no zero-speed region 

occurs at trailing-edge. However, as the angle is above 10 degrees, much instable  zero-speed 

region dominate the entire upper surface. Meanwhile, the stagnation point area and maximum 

velocity value also increase while AoA is increasing. Accordingly, drag force is decreasing 

constantly and meets the agreement of equation expression. 

            
Angle of attack = 0 degree                                                Angle of attack = 5 degrees 

            
Angle of attack = 10 degrees                                                 Angle of attack = 15 degrees   
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Angle of attack = 20 degrees    

Figure 3.3 Velocity contours at plain flap in SST model 

Five contours clearly illustrate the pressure distribution in Fig. 3.4, while the maximum pressure 

reading remains consistent. There is little flap effect in the first two images, however, larger 

pressure is generated at rear lower part of airfoil, where biggest gap happens at 10 degrees and 

gradually shrinks until the end. So, lift force experiences the similar trend, where several low-

pressure regions on the upper surface causes suction and induce the lower lift power affect. Other 

than that,  there is an increasing pressure distribution on the front part of airfoil as angles of attack 

keep climbing. 

             
Angle of attack = 0 degree                                                    Angle of attack = 5 degrees 
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Angle of attack = 10 degrees                                                   Angle of attack = 15 degrees   

 
Angle of attack = 20 degrees    

Figure 3.4 Pressure contours at plain flap in SST model 

3.1.2  Behaviors in Wray-Agarwal (WA) One-Equation Model 

Fig 3.5 shows relevant velocity contribution compared with other two models, however, there is 

difference: the maximum reaches the highest level and is 2.2% of greater than the previous data. 

Another difference is the 15-degree high speed region near the upper leading edge presents more 

concentrate, which casing a lower drag force and the aerodynamics performance is enhanced. 

Moreover, as degree increases to 20, there is no fully-covered separation region on the upper 

surface and this is distinct with the situations in another two models.  
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Angle of attack = 0 degree                                                     Angle of attack = 5 degrees 

             
Angle of attack = 10 degrees                                         Angle of attack = 15 degrees   

 
Angle of attack = 20 degrees   
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Figure 3.5 Velocity contours at plain flap in WA model 

Fig 3.6 presents pressure contours at plain flap under WA model. One progressive observation is 

there is less pressure generated on the upper surface for 10 degrees case, and two suction regions 

are also found for 15 degrees case ( one is neat the leading edge and another is at the trailing 

edge). They both contribute the highest lift power generation among three plain flap cases.  

               
Angle of attack = 0 degrees                                                        Angle of attack = 5 degrees 

                
Angle of attack = 10 degrees                                                 Angle of attack = 15 degrees 
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Angle of attack = 20 degrees 

Figure 3.6 Pressure contours at plain flap in WA model 

3.2 Lift and Drag Coefficient Analysis 

The lift and drag coefficient curves for the entire S809 airfoil with plain flap are shown in Figure 

3.7, 3.8. The flows at flap angles of 20 degrees are found to be unsteady, therefore the mean 

values are used in the lift curve and pressure coefficient plots.  

In Fig 3.7, CL is increasing along with the growth of AoA, until it decreases sharply at the last 

position. WA model experiences the highest lift coefficient throughout the entire comparison, and 

the peak value occurs at 15 degrees, with a total 1.15 of reading. The maximum is followed by 

SA model, except a lowering outbreak at 20 degrees, which reaches 0.74 of CL. Three models 

both predict similar trend before angle of attack is below 10 degrees.    

In Fig 3.8, CD is increasing along the x- direction, and WA model fluctuates between 15 to 20 

degrees, where the lowest drag coefficient places at the last two location, coordinates the suction 

affect.  
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Fig 3.7 Variation in lift coefficient of S809 airfoil with plain flap 

 
Fig 3.8 Variation in Drag coefficient of S809 airfoil with plain flap  
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Chapter 4: S809 Airfoil with Gurney Flap 

Simulation 
4.1 Triangle-shaped Gurney Flap 

A triangle-shaped gurney flap (GF) is selected to combine with S809 airfoil, and increases 

maximun lift by altering Kutta condition at the trailing-edge. The wake behind the flap is a pair of 

counter-rotating vortices at high angles of attack and a benefit in overall lift-to-drag ratio is also 

possible if the flap is tailored appropriately. Fig 4.1 shows the geometric configuration of entire 

form shape. 

 

Fig 4.1 Schematic of S809 airfoil with triangle-shaped gurney flap 

4.2 Flow Field Information and Discussion 

4.2.1  Behaviors in Spalart-Allmaras (SA) One-Equation Model  

Figure 4.2 shows the velocity contours around airfoil at different angles of attack. The velocity on 

the upper surface becomes smaller as the angle increases but it is below 15 degrees. Thus, the lift 

coefficient increases when angle of attack is below 15 degrees. For angle is greater than 15 degrees, 
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the velocity on the upper surface decreases at the angle becomes larger. This makes the pressure 

distribution on the upper surface becomes larger, which weakens the suction on the upper surface. 

Thus, the lift coefficient decreases when angle is greater than 15 degrees. Moreever, there are two 

velocity jump regions at the leading-edge, when the angel of attack is over 10 degrees. More 

concentrate high-speed scale places at upper and diffused low-speed scale is at the bottom.   

               
Angle of attack = 0 degree                                                  Angle of attack = 5 degrees 

           
Angle of attack = 10 degrees                                                  Angle of attack = 15 degrees 
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Angle of attack = 20 degrees 

Figure 4.2 Velocity contours at  Gurney flap in SA model 

Figure 4.3 shows the pressure coefficient contours around the airfoil with at different angles of 

attack. When angle is over 10 degrees, there is high pressure region generated on the lower surface 

of the airfoil near the leading edge and the trailing edge due to the presence of gurney flap. And 

the suction on the upper surface also increases. When angle is less than 10 degrees, the high-

pressure region on the lower surface near the leading and trailing edge decreases, and the high-

pressure region near the trailing edge almost disappears. When the angle of attack is 15 degrees,  
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there is greatest pressure generated at the lower surface, which gives a highest lift coefficient.      

       

Angle of attack = 0 degree                                                 Angle of attack = 5 degrees 

        
Angle of attack = 10 degrees                                               Angle of attack = 15 degrees 
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Angle of attack = 20 degrees 

Figure 4.3 Pressure contours at  Gurney flap in SA model 

4.2.2  Behaviors in Shear-Stress-Transport (SST) k-ω Two-Equation Model 

Figure 4.4 show the velocity distribution contours around the airfoil with Triangle-shaped Gurney 

flap in SST k-ω model. The velocity on the upper surface becomes smaller as the angles of attack 

increase. This decreases the less pressure distribution on the upper surface, which result in more 

suction on the upper surface. Thus, the lift coefficient increases when the angle is below 15 degrees. 

For angle greater than 15 degrees, the velocity on the upper surface decreases becomes larger. This 

results in the pressure distribution on the upper surface becoming larger, which weakens the 

suction on the upper surface. Thus, the lift coefficient decreases when angle is greater than 15 

degrees. 
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Angle of attack = 0 degrees                                           Angle of attack = 5 degrees 

        
Angle of attack =10 degrees                                              Angle of attack = 15 degrees 
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Angle of attack = 20 degrees 

Figure 4.4 Velocity contours at Gurney flap in SST model 

Figure 4.5 shows the pressure coefficient contours of the S809 airfoil with different angles of 

attack in SST k-ω model. When angle is between 10 to 15 degrees, there is high pressure region 

generated on the lower surface near the leading edge and the trailing edge. When angle is greater 

than 15 degrees, the high-pressure region on the lower surface near the leading edge and the trailing 

edge decreases, and the high-pressure region moves to the trailing edge and a low-pressure region 

occurs at rear part of the flap.  
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Angle of attack = 0 degrees              Angle of attack = 5 degrees

        
 Angle of attack = 10 degrees                                            Angle of attack = 15 degrees 

 
Angle of attack = 20 degrees 

Figure 4.5 Pressure contours at Gurney flap in SST model 

4.2.3  Behaviors in Wray-Agarwal (WA) One-Equation Model 

Figure 4.6 shows the velocity contours around airfoil with Gurney flap for various angles of attack. 

It can be seen that the WA model helps augmenting maximum lift force, and the boundary layer 

is steady and stable when angle is lower than 10 degrees. The upper surface pressure coefficient 
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decreases and the lift increases. When angle becomes greater than 15 degrees, there is separation 

on the upper surface of the flap which leads to decrease in lift.  

         

Angle of attack = 0 degree                                                         Angle of attack = 5 degrees 

          

Angle of attack = 10 degrees                                              Angle of attack = 15 degrees 
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                        Angle of attack = 20 degrees 

Figure 4.6 Velocity contours at Gurney flap in WA model 

Figure 4.7 shows the pressure coefficient contours around the airfoil in WA model. When the 

Gurney flap is applied on the airfoil in this case, the upper surface suction increases compared to 

the airfoil without prescribed flap especially for angles greater than 15 degrees. And less pressure 

generates at the trailing edge because of the effect of the flap. For angle 0 degrees and 5degrees, 

the suction on the upper surface is similar to the data displayed in other two models.  

      

                      Angle of attack = 0 degrees                                                       Angle of attack = 5 degrees 
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                           Angle of attack = 10 degrees                                             Angle of attack = 15 degrees 

 

  Angle of attack = 20 degrees 

Figure 4.7 Pressure contours at Gurney flap in WA model 

4.3 Lift and Drag Coefficient Analysis 

In Fig 4.8 and 4.9, lift and drag coefficient plots with triangle-shaped Gurney Flap are presented 

in three turbulence models. WA model curve experiences a gradual increase at the first three degree  

and reaches maximum CL of 1.17 at 15 degrees, then decreased by 33%. SA and SST K-omega 

model curves exerts analogous trend; however, the entire data is below the first model curve. For 

the drag coefficient graph,  the three models ascend from 0 to 20 degrees,  there is a sharp augment 
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at 15 degrees and little fluctuation at 20 degrees. WA model also gains a greatest drag coefficient 

when angle of attack is 20 degrees. 

 

Fig 4.8 Variation in lift coefficient of S809 airfoil with Triangle Gurney Flap 

 

Fig 4.9 Variation in drag coefficient of S809 airfoil with Triangle Gurney Flap 
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The performance of aerodynamics of the plain flap can also be investigated by varying flap 

deflection angles, ranging from -5 to 10 degrees, solved by SST k-ω model. On the basis of gap 

difference optimization from previous paper, distance is set to 1mm. The angle of attack is also 

chosen from 0, 2.5, and 5 degrees, and lift coefficient is plotted and compared in Fig 4.10 with 

installin plain and gurney flap at the trailing-edge. When angle of attack is 0 degree, two lines 

start at similar lift coefficient, and then experience a near-linearly ascend respectively. It is clearly 

to find Cl increases along with an improve flap deflection angle. Besides, airfoil with gurney flap 

obtains a higher lift coefficient compared with the value with plain-flap airfoil, and the biggest 

difference occurs when flap deflection angle is 8 degree under a 5-degree angle of attack. 

Therefore, the trailing-edge gurney flap can effectively improve Cl for a proposed airfoil at same 

angle of attack. 

  
Fig 4.10 Lift coefficient vs flap deflection angle 

When the angle of attack is small, the lift-to-drag ratio increases as flap deflection angle increases 

in Fig 4.11; however, when the angle of attack is greater than 2.5 degrees , the lift-to-drag 

coefficient experience a dramatic growth in large flap deflection angles, and follow a steady 
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fluctuation with a flap deflection angle of 2 to 5 degrees. There is a slight rise and large drop 

when angles continue to improve, where the greatest ratio occurs angle is set to 8 degrees. 

Accordingly, lift-to-drag ratio can be obviously improved with the presence of gurney flap at the 

trailing-edge angle, and the value is largely affected when angle of attack is increasing. 

 

Fig. 4.11 Lift-to-drag coefficient vs. flap deflection angle 

4.4 Pressure Coefficient Analysis 

Fig 4.12 presents pressure coefficient distributions of the airfoil with proposed flaps with different 

flap deflection angles. There is big pressure difference at x=0.35m, where the difference decreases 

when flap deflection angle is smaller( when flap angle is set to 5 degrees, there is little pressure 

difference influence at x=0.35m). And CP is decreasing obviously at lower leading edge surface 

when flap deflection angle is increasing. Besides, the plain flap with bigger deflection angle also 

affects a larger pressre coefficient difference generation. 
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Fig. 4.12 Pressure coefficient distributions with different flap deflection angles 

Chapter 5:  Comparison and Conclusion 

Fig 5.1 and 5.2 show the lift and drag coefficient variation of three models between two types of 

flap.  WA model always obtains the highest CL at 15 degrees of angel of attack under with same 

flap, which much lift force is generated due to affect of the prescribed one equation turbulance 

model UDF file. The  biggest CL difference also occurs at maximum reading , the value of WA 

on triangle-shaped Gurney Flap is increased by 14.5% compared to SA model on plain flap. When 

the angle of attack is below 10 degrees, little fluctuation dominates in the flowfield.  

The drag coefficient experiences a gradual increase at first two degrees, and then leads a tiny 

variation, where WA model with traingle flap reaches the greatest drag coefficient (0.042) at 10 
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degrees and WA model with plain flap reaches the lowest of  0.031. Next, a huge rise comes to 

approximately 0.13, while there is bo obvious difference at this point, and then it is followed by 

several diffused ascend ,contributing the highest CD at 20 degrees by WA triangle flap model in 

the entire chart.  

 

Fig 5.1 Variation in Lift coefficient of S809 airfoil with Triangle Gurney Flap and Plain flap 
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Fig 5.2 Variation in Drag coefficient of S809 airfoil with Triangle Gurney Flap and Plain flap 

In this defense, a proposed trailing-edge flap is designed by adding a rotatable flap to the NREL’s 

S809 airfoil trailing-edge flap( controlled by a variable pitch controller), the entire aerodynamics 

calculation and performance are carried out by ANSYS FLUENT 19.2. The results are: all 

turbulence models give similar results and compare well with experimental data in non-stall regime. 

the trailing-edge flap can significantly improve the lift coefficient, lift-to-drag coefficient and the 

drag coefficient is also ascended inevitably; For the WA model, more lift and drag coefficient is 

generated compared with other two models pressure coefficient difference and lift coefficient 

become larger when flap deflection angle increases. Morever, triangle-shape Gurney Flap can 

enhance greater Cl.  

 In the future, an air-sand particle two phase flow can be further analyzed in the study, and 

Microtab and Gurney Flap blade design with active control approach can also be investigated, in 

order to reduce maximum drag coefficient 
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