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ABSTRACT 
Present paper study aerofoil with NACA2412 with Single Slotted flaps that were used for the purpose of numerical investigation 
the effect of energy adder on the trace of wake behind the proposed wing at a Reynolds number of (2x105) with multi-element 
flap geometry having different gap, and different flap deflection angle (α). This all were inspected with various angle of attack 
(AOA) is [-5o, 5o, 10o, 15o]. the gap of single slotted flap is [G= (4.3% c) & (5.3% c)].Flap deflection is varied in the range of 
[20o, 35o ,45o] . 
The numerical study involves simulation to the flow behavior by using ANSYS FLUENT 15.0, the governing equation were 
solved in three dimensions turbulent regime with appropriate turbulent model (k − ω, SST). Using airfoil of NACA2412 for the 
wing section, to study the formation of wake turbulence downstream of the trailing edge under the effect of varying different 
variables related to the geometry of flap position relative to the wing since they form together a multi element airfoil. Present 
study conducted the effect of dynamic pressure, static pressure, and the kinetic energy in addition to the velocity vector and 
magnitude in both (x) and (y) directions.  
Results show that for a gap distance equal to (5.3 % c) it is not recommended to work with both higher flap deflection and angle 
of attack for single slotted flaps which can be used in multi-element airfoil .And the best positions of single slotted flaps are not 
so well defined. Hence maximum lift coefficients of single slotted flaps are very sensitive to flap position, however, and 
optimum configurations cannot be predicted with any degree of accuracy  
Keywords: Single Slotted flaps, Wake Propagation, flap deflection angle, Angle of attack, Turbulent model (k − ω, 
SST). 
1. INTRODUCTION 
The single slotted flap was introduced to cure the premature separation suffered with the plain flap. As the flap is 
rotated downwards it also travels rearwards to produce a convergent slot. The pressure difference between the upper 
and lower surfaces causes air from the wing's lower surface to be injected through the slot to the upper. Thus, a slot 
located towards the trailing edge behaves in much the same way as one at the leading edge, it reduces the peak suction 
on the flap and allows a new boundary layer to establish itself on the flap and remain attached for longer. This allows 
greater flap deflections and camber to be used before separation occurs. The lift increment is greatly increased, as 
shown in   Figure 1 while profile drag is much lower for comparable flap size and deflection .Not only does the slotted 
flap allow larger flap angles (up to 45°), but the slight chord extension needed to give the all-important convergent slot 
shape also giving an added lift bonus [1]. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Effect of flap on lift coefficient [1] 
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Carl J. and Thomasa. H. 1939 [2], studied the aerodynamic characteristics as affected by slot shape, flap shape, flap 
location, and flap deflection. The models were mounted in the closed test section of the N. A. C. A. (7×10) ft. wind 
tunnel of a chord NACA 23021 airfoil with 25.66% chord Slotted flap, Reynolds Number is 2,190,000. The flap 
positions for maximum lift, the polars for arrangements considered suitable for takeoff and climb, and the complete 
section aerodynamic characteristic for selected optimum arrangements were determined. The best slotted-flap 
arrangement on the NACA 23021 airfoil gaves the same maximum lift coefficient as the best slotted flap on the NACA 
23012 airfoil. The drag coefficients were higher with the NACA 23021 airfoil, but the pitching-moment coefficients 
were about equal or comparable arrangements. 
Bohl and Koochesfahani. 2008 [3], the experiments were conducted in a closed-return water tunnel with a 61 cm× 61 
cm×243 cm test section. A NACA-0012 airfoil with chord length C =12 cm was placed in a free stream velocity U∞ 
≈10.5 cm/s, and chord Reynolds number Rec =12600. Their studies focused on the flow structure and vorticity field in 
the wake of a NACA-0012 airfoil pitching sinusoidally at high frequencies and small amplitude. To determine the 
characteristics of the vortex array (circulation, peak vorticity, core size, spatial arrangement) Molecular Tagging 
Velocimetry (MTV) was utilized and its downstream evolution over the first chord length as a function of reduced 
frequency. 
S. S. Ahmed. 2011 [4], studied a numerical analysis, it is obtained by using a finite volume scheme according to the 
assumption such as 2D, incompressible, subsonic, viscous, steady and turbulent flow around (NACA 0012) airfoil. The 
numerical solution of the continuity and momentum equations with the two equations of the (k- ) turbulence model 
has been studied too. By finite difference method the grid generation technique that is based on differential equations 
was solved. To solve Navier-Stokes equation the Finite Volume Method (FVM) is modified by transporting these 
equations from differential forms to algebraic forms which can be solved according to the (SIMPLE algorithm) 
technique. The study gave a detailed explainatior of the separation flow and its effects at different flow conditions. 
Separation point at the airfoil surface is foretold at high angles of attack. It is found that increasing the angle of attack 
would increase all of the separation incidence, recirculation, and reversed flow. Also, pressure, lift and drag coefficients 
were highly influenced by the angle of attack and the Reynolds number before stall angle. The results showd that 
turbulence models (k- ) gave good forecast for flow separation around (NACA0012) airfoil. The maximum lift 
coefficient obtained was about (CL 1.45) at angle of attack  13  and Reynolds number 2.5x106. Stall angle of 
(NACA0012) airfoil happens at angle of attack  14.5  and the lift coefficient increased by the increase of Reynolds 
number up to the stalling angle occurs. 

A. Prabhakar and A. Ohri. 2013 [5], Studied the effect of double Slotted Flaps on (CL) for a micro air vehicle 
(MAV) NACA 2412 by using CFD analysis at the chord of flap was 25 % of the plain NACA 2412 wing. The plain 
NACA 2412 wing was 6 inches in chord and it had a span of 12 inches and Reynolds Number = 2×105 for angles of 
attack 0, 4, 8, 12, 16, and 18 degrees. They were compared with the experimental results from the wind tunnel data on 
the airfoil of similar dimensions and profile at the same Reynolds Number . The meshing of the designs for grid 
generation was complete on ICEM CFD ANSYS 14.0 workbench. The CFD analysis was carried out using commercial 
code ANSYS FLUENT 14.0. Flaps are high lift devices connected on a wing for the aim of increasing Coefficient of 
Lift (CL). The Stall angle of the MAV NACA 2412 wing in high lift take-off configuration was found to be 54 degrees 
while the plain NACA2412 wing stalled at 20 degrees angle of attack. The results gotten from the CFD analysis of 
many wing configurations, showed that the wing configuration having ‘d’ equal to 1.7% (where 'd' is configuration of 
slot size) of wing chord and double slotted flaps extended to 40 degrees was the ideal MAV high lift take-off 
configuration. From this MAV high lift take-off wing configuration, the Stalling Angle that was found 54 degrees. 
Whereas that of plain NACA 2412 wing was 20 degrees this proved that the MAV could sustain lift at much higher 
angles of attack in comparison to the plain NACA 2412 wing.  

 

2. MODEL DESCRIPTION 
2.1 Physical Model 

The airoil and flap design using AutoCAD 2013. flap was shaped like a NACA 2412 with a 30% of the main wing 
chord in size .The flap dimensions are [span= 200mm , chord= 30mm ,maximum thicknesss= 4mm]. The subsonic 
flow in two dimensions for NACA2412 wing with Reynolds number is assumed to be 200,000 and the air speed is 
assumed to be constant  which is 35 m/sec. 
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2.2 Boundary Conditions 
In Figure 2 ,the airfoil and flap in the test section is shown. The height of the test section is 300 mm, while the width 

is 610 mm. Figure 3 shows the boundary conditions, where (A) is the speed of air that is entering the test section which 
is 35 m/sec. (B) represents the outlet pressure of the test section where the air exits, pressure gauge =0. (C) is the wall, 
where the air speed is zero. (D) is the airfoil and (E) is flap on which the test is being applied to. The speed of the 
airfoil and flap is zero relative to the airflow because it is fixed. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 NACA2412 in Test Section 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 Boundary Conditions 
 

3. MATHEMATICAL MODELING 
3.1 Governing equations 

In the present work, the working fluid is air and the flow characteristics  
are assumed to be as follows:  
• Steady state  
• Newtonian fluid  
• Incompressible  
• Turbulent flow  
• Two dimensional  
So that, the conservation equation for continuity, momentum, and turbulence model equation can be written in tensor 

form [6], as follows:  
Continuity equation: The continuity or conservation of mass equation states that for a steady incompressible fluid, 

= constant 
                         (1) 

Momentum equations: 
                                                  (2) 

         (3) 

Shear Stress Transport k- ω Governing Equations: 

http://www.ijaiem.org
mailto:editor@ijaiem.org


International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 7, Issue 6, June 2018              ISSN 2319 - 4847 
 

Volume 7, Issue 6, June 2018                                                                                                                         Page  14 

        (4) 

Specific Dissipation Rate: 

     (5) 

 (Blending Function) 

                     (6) 

Note: F1 = 1 inside the boundary layer and 0 in the free stream. 
                         (7) 

Kinematic eddy viscosity: 
                                                                                  (8) 

F2 (Second blending function): 

                       (9) 

                                                                                                  (10) 

PK (Production limiter) 

                                                                                                   (11) 

                                                                                                          (12) 
Constants values for SST k–ω two equation ,the turbulence transport equations is in Table 1 

Table 1. Constants in k–ω turbulence model transport equations 
         

 
 

 
 

 
 1   

 
3.2 ANSYS Meshing 

ANSYS meshing is used to generate a mesh for the domain – which represents the airflow around the wing. Regions 
are created which are small in size near the airfoil and flap, and get larger the more distance from the wing the region 
is. These regions are then used by ANSYS fluent,  as shown in Figure 4 . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 Meshing for airflow over NACA2412 wing. 
3.3 ANSYS Fluent 

ANSYS fluent is a computational fluent dynamics (CFD) software tool that allows the user to build and compute 
turbulence models, perform Finite Element Method calculations to find air pressure distribution over the wing, velocity 
distribution and wake propagation. 
     3.4 Solution Method 
This section discusses how ANSYS solves the equations and calculate the wake propagation. The solution steps are as 
follows: 
1- First the initial values are being set. These values are passed to the momentum equations. 
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2- Momentum equations are solved to get the velocity. 
3- Next, the continuity equation is used based on results from previous steps, the pressure correction is calculated. 
4- The correction for each sub region is calculated. 
5- If convergence is not reached, then the current results are passed to momentum equations, and step 2, 3, 4, and 5 are 
repeated. 

4. RESULTS AND DISCUSSION 
Before entering the discussion for the roll that a single slotted flap might influence the performance of a certain wing it 
is satisfied to mention that the part of the wing upper surface which extends over the flap when retracted is called the 
slot lip. The effective increase in chord provided by some slotted flaps is obtained by the use of an elongated slot lip. 
The point where the aerofoil is first cut away to form the slot on the lower surface is called the slot entry. Slot entries 
are often made with very small radii of curvature or provided with skirts to fair over the gap in the lower surface when 
the flap is retracted. Since a slotted flap increases the maximum lift by a combination of increased camber, increased 
chord, and boundary-layer control provided by flow through the slot, the important design parameters are flap 
deflection, flap size, the chord wise position of the slot lip, and the efficiency of the flow through the slot in providing 
boundary-layer control that will be discussed later in the next paragraphs.        Figure 5 , 6  manifest the effect of 
single slot passage where the small vortex wake is rolling over the upper surface and combine with it and mixes with 
main boundary layer with one target which is to increase wing area in order to increase their lift.  
This trend do not appear again for flap deflection of (20° & 35°) for the same angle of attack only if another cases were 
selected for the purpose of the present study in which the angle of attack was increased. The most common trend 
regarding the proposed selected parameters such as dynamic pressure, static pressure, turbulent kinetic energy, velocity 
vectors and magnitude is that the formation of a single wake vortex that prevent the energy gained from the high 
pressure side to influence the separation zone is generated from the main part of the multi-element aerofoil.  
 
This means that for a gap distance equal to (5.3 % c) it is not recommended to work with both higher flap deflection 
and angle of attack for single slotted flaps which can be used in multi-element aerofoil and that can be seen in Figure 7 
, 8 , 9 , 10. Finally, a new value for the gap distance was selected here for the purpose of the present study with a gap 
distance equal to (4.3% c) as shown in Figure 11. It can be noticed here that the most stable and steady results appeared 
with the values of flap deflection equal to (20°) and angle of attack equal to (10°) for the selected parameters such as 
dynamic pressure, static pressure, turbulent kinetic energy, velocity vectors and magnitude. Not that bending down the 
slot lip to face the air flow down over the flap has been shown to have an advantageous effect on the performance of the 
multi-element aerofoil. 

 
Figure 5: (a) Dynamic pressure , (b) Static pressure , (c) Kinetic energy  

(for G=5.3% c, AOA= 15°, α=20°) 
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5. CONCLUSION 
From results we found that for a gap distance equal to (5.3 % c) it is not recommended to work with both higher flap 
deflection and angle of attack for single slotted flaps which can be used in multi-element aerofoil. And also noticed  
that the best positions of single slotted flaps are not so well defined. Hence maximum lift coefficients of single slotted 
flaps are very sensitive to flap position, however, and optimum configurations cannot be predicted with any degree of 
accuracy. 
6. Nomenclature 
Symbols Notations Units 

   

b 

Wing span  

M 

   

C 

 

Chord line 

 

M 

              

CD 

 

Drag coefficient 

 

--- 

                           

CL 

 

Lift coefficient 

 

--- 

 

CM 

 

Pitching moment coefficient --- 
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CK , Cω , Cω1 , Cω2 , 

σK , σω , ɑ1 

Constants in (k −  ω) Model --- 

D Drag force N 

 

fk , fω 

 

Empirical function --- 

 

k 

 

Turbulent Kinetic Energy m2/s2 

 

L 

 

Lift force N 

 

Re 

 

Reynolds Number --- 

 

x, y, z 

 

Cartesian Coordinate --- 

 
Greek Symbols 
Symbol                                                                   Notations Units 

α Angle of attack degree 
ε Dissipation Rate of Kinetic Energy m2/s3 
Δ Difference in values --- 
ω Dissipation Rate of Turbulent Kinetic Energy m2/s2 
μ Laminar viscosity N.s/m2 
μt Turbulent viscosity N.s/m2 
ρ Density of Air kg/m3 

 
τij Mass averaged Viscous Stress Tensor N/m2 
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