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ABSTRACT 

The influence of trailing edge flap on basic aerodynamic characteristics such as CP, CL, and CD is investigated 

using Ansys Fluent (14.5) software to analyze the flow over a supercritical RAE 2822 airfoil with a 25% c 

trailing edge flap. The airfoil will be modelled at 0°angle of attack with flap settings of 2°, 4°, 6°, 8°, and 10° at 

M=0.729 and =2.79°. The transonic compressible flow was modeled using the k-ω (SST) turbulence model. 

According to the calculations, the lift and drag coefficients increase as the flap angle increases, and the shock 

travels downstream. According to this research, when the flap is deflected, The flow is trapped beneath the 

airfoil, causing a decrease in flow velocity and a build-up of pressure. Simultaneously, as the gradient of adverse 

pressure rises with flap deflection, so does the gradient of positive pressure. the flow separation on the flap 

surface increases. The theoretical conclusions were compared to previously publish computational work and 

found to be in good accord.  
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INTRODUCTION 

A supercritical airfoil is a type of airfoil that is designed to reduce drag at supersonic speeds. When a plane 

approaches supersonic speeds, the air traveling over the wing exceeds the speed of sound before the plane. A 

shock wave forms on the wing as a result, causing a lot of wave drag. The point on the wing where the air 

reaches supersonic speeds is further back on the wing, resulting in a smaller shock wave and less wing wave 

drag. The extent of this flat zone on the upper surface is limited, though, to prevent flow separation due to the 

steepness of the following pressure rise, which can be reduced by the low included angle at the trailing edge 

[1].as shown in figure 1. Another distinguishing feature is the considerable degree of camber on the trailing 

edge. The trailing edge is thick not only for structural reasons, but also to improve high-speed aerodynamic 

characteristics, however this comes at the cost of a modest increase in subsonic drag [2]. 

Figure 2 shows a comparison of an airfoil and a supercritical airfoil at transonic regimes. The shock wave 

appears near the center of the chord in a typical airfoil, and it is stronger. Because there is an unfavorable 

pressure gradient downstream of the shock wave, the boundary layer detaches, increasing drag. The shock wave 

can form well behind the chord's middle point without boundary layer detachment in the supercritical airfoil, 

Because of the reduced curvature in this region, the fluid has been gradually decelerated or maintained at a 

uniform supersonic speed, resulting in a smaller shock wave and a flatter pressure distribution in front of the 

shock. 
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Figure 1. Supercritical airfoil shape; from [1]. 

 

Figure 2. Comparison between an airfoil and supercritical airfoil; from [3]. 

There are no studies that deal with a supercritical RAE 2822 airfoil with flap but there are a few studies that deal 

with supercritical airfoils by using other methods to improve the aerodynamic characteristics of this type of 

airfoils. K.Harish Kumar et al. [4] introduced the modeling and analysis of a RAE 2822 supercritical airfoil with 

and without wedge profiles to examine aerodynamic parameters such as lift and drag coefficients at different 

Mach numbers in enhancing the airfoil's stability as the flow approaches transonic Mach velocities.T D Nguyen 

et al. [5] studied the effect of Gurney flap in case of the Supercritical airfoil; SC-0414 airfoil . Wei NIU et al. [6] 

used Computational Fluid Dynamics (CFD) and a drag decomposition method to propose an optimization 

strategy for a supercritical airfoil that combines variable-camber technology. The constant deflection of a wing's 

flaps and ailerons can easily achieve trailing-edge variable-camber technology. 
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TRAILING EDGE FLAPS 

The most prevalent high-lift mechanism on airplanes is flaps. For any given angle of attack, These surfaces, 

which are affixed to the trailing edge of the wing, increase lift and decrease generated drag (). Because flaps 

can be extended when required and folded back into the win g's structure when not, they allow for a balance 

between high cruising speed and low landing speed. The four most frequent flap styles are plain flaps, split 

flaps, slotted flaps, and Fowler flaps. 

MODELLING AND SIMULATION  

The airfoil employed in this study is a supercritical RAE2822 airfoil with a maximum thickness of 12.1% at 

37.9% C and a maximum chamber of 1.3 percent at 75.7 percent C.The steps of computational solution are 

consisting of three stages as shown in figure 3. This study starts from pre-processing which is the first step was 

drawing the model geometry by solid works (13) software. The second phase involved creating a mesh and 

calculating the equation of motion with the Ansys fluent (14.5) software solver, which used the Finite Volume 

Approach.The third step is the post-processing step where the aerodynamics properties of supercritical airfoil 

RAE2822 such as the drag coefficient, lift coefficient, pressure coefficient and the contours of velocity around 

airfoil at =2.79° are determined by Ansys fluent software.  

 

Figure 3. Three steps of present CFD mode. 

GRID GENERATION 

The Ansys Fluent (14.5) software was used for analyzing flapped supercritical RAE2822 Airfoil with chord 

length of 1m. The coordinates for creating the geometry of an airfoil were taken from [7]. A C-mesh domain 

was chosen for the airfoil flow study. The arc radius is set at 25 meters, while the sides of the other two squares 

are set at 30 meters, as illustrated in figure 4. The Airfoil was broken down into 240336 nodes and 241666 

elements. Figures 5 and 6 illustrate the mesh model, while table 1 shows the mesh information. The cross 

section of the airfoil has been designed to be fine near the airfoil and coarser further away. A quadratic element 

was used to create this airfoil. Even in areas far away from the airfoil, the mesh has to be very fine. For a decent 

mesh, the rate of change in cell size should be smooth. An edge scaling on the top and bottom sides of the airfoil 

was applied to attain the necessary mesh. 
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Figure 4. Geometry of flow domain 

 

Figure 5. Full domain mesh 

 

Figure 6. Close-up Mesh around Airfoil. 

Table 1. Details of mesh and quality 

sizing  

Use advanced size 

function 
On curvature Min.edge length 6.517e10

-2
m 

Relevance center fine statestics 

smoothing high nodes 241666 

Span angle center fine elements 240336 

Min. size 1.0851e10
-2

m Mesh metric Orthogonal quality 

Max. face size 0.2m Min. 0.485361123121669 

Max. size 0.2m Max. 1 

Growth rate 1.02 average 0.992629472818938 
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INPUTS AND BOUNDARY CONDITIONS 

The Airfoil surface boundary conditions (given in the mesh section by naming the portion of the modeled 

Airfoil i.e. upper wall, lower wall, and flap, fluid (air), and all the outer limits are regarded to be the "Pressure 

Far Field" as shown in figure 7) may also be employed. The values of the airfoil's boundary conditions are 

shown in Table 2. 

 

A airfoil 

B flap wall 

C pressure far field 

D air 

 

 

Figure 7.  Geometric Modeling of airfoil 

Table 2. The boundary Conditions value for Airfoil.  

Total Temperature 300K Cp 1006.43 

Mach number 0.729 Thermal Conductivity 0.0242 

Angle of Attack 2.79° Viscosity 1.7894e-05 

Density Ideal Gas Molecular Weight 28.966 

GOVERNING EQUATIONS 

The computational Fluid Dynamics is governed by the following equations [8]:  

The continuity equation: 
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And the energy equation: 
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VALIDATION 

Because there is no computational and experimental data of a supercritical RAE 2822 airfoil with flap to 

compare with present study and to verify this study, the results obtained from simulations for a supercritical 

RAE2822 airfoil without flap are compared with numerical results of T.Yu et al.[9] and M.Rizwanur et al.[10] 

for CFD validation . A comparison of the current computation with previously reported numerical results is 

shown in Table 3. 

Table 3. A comparison of a present computation with previously published numerical results 

  CL CD Shock position(x/c) 

T.Yu et al.(9) 2.79° 0.784 0.0171 0.52 

M.Rizwanur et al (10) 2.79° 0.787 0.0171 0.52 

Present study 2.79° 0.746 0.01778 0.52 

RESULTS AND DISCUSSIONS 

Convergence of Solution 

Figure 8 shows the CD and CL convergence history respectively. The Drag coefficient CD and Lift coefficient 

CL has been investigated for 2D transonic flow over supercritical RAE 2822 airfoil for  = 2° and 𝑀=0.729 and 

it is calculated to be 2.0272E-02and 0.78982 respectively. 

 

 

Figure 8. Convergence of CL and CD Plots against Number of Iterations 

Pressure Distribution and the Effect of Flap Deflection 

Figure 9 shows the pressure distribution over a supercritical RAE 2822 airfoil with various flap deflection 

angles (δ =2°, 4°, 6°, 8°, and 10°) at M=0.729, suggesting that the fluid can be decelerated progressively before 

the shock wave arrives. As can be observed from this plot, the increase in flap angles leads the shock to go 

further downstream, showing that this is weak. The Cp plot, as given in table 4, can be used to identify the shock 

positions. 
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Figure 9. Surface pressure distributions at M= 0.729 for various flap angles at  about 2.79°. 

Table 4. Shock position due to the effect of flap deflection 

airfoil Shock position 

Clean airfoil 0.521 

Airfoil with δ=2° 0.523 

Airfoil with δ=4° 0.552 

Airfoil with δ=6° 0.568 

Airfoil with δ=8° 0.578 

Airfoil with δ=10° 0.58 

Effect of Flap Deflection on Cl And Cd 

Table 5 shows how the lift and drag coefficients change as the flap angle changes. The lift and drag coefficients 

both rise as the flap deflection angle is raised. 

Table 5. Variation of CL and CD with varying flap angle 

δ CL CD 

Clean airfoil 0.746 0.01778 

2° 0.78982 0.0272 

4° 0.91144 0.028749 

6° 1.0133 0.038571 

8° 1.1006 0.049073 

10° 1.169 0.059695 

Effect of Flap Deflection on Flow Speed 

As the flap is deployed, more and more flow is trapped beneath the airfoil, slowing the flow speed in this area 

dramatically. When the flow beneath the airfoil is lowered, more flow is forced over the nose of the airfoil, 

enhancing the suction side flow rate. The greater the adverse pressure gradient on the top part of the airfoil as 

the flap is twisted,combined with jet type flow via the narrowing gap at the trailing edge, generates flow 

separation on the flap surface. 
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Clean airfoil  δ=2° 

 

δ=4° δ=6° 

 

δ=8°  δ=10° 

Figure 10. Contour of velocity  at M= 0.729 for various flap angles at  about 2.79° 

CONCLUSIONS 

Computational investigations have been examined to evaluate the aerodynamic characteristics of a supercritical 

RAE airfoil with trailing edge flap at various flap angles (δ). The contours of velocity and the coefficient of lift, 

coefficient of drag and pressure coefficient are calculated. Results concluded that: 

1- The increase in flap angle causes the shock to move further downstream. 

2- When the flap is displaced, the higher unfavorable pressure gradient on the upper side of the airfoil, Flow 

separation on the flap surface occurs as a result of jet type flow via the narrowing gap at the trailing edge. 

3- The lift coefficient and drag coefficient increase with increasing flap deflection angle. 
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