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ABSTRACT   

Enhancing aerodynamic performance is critical in the aviation industry to improve aircraft efficiency and reduce fuel 

consumption. Airfoils, which generate lift and drag during motion through a fluid, are highly sensitive to geometric modifications. 

This study investigates the aerodynamic behavior of a NACA 0015 airfoil equipped with various flap configurations and flap 

deflection angles. Flaps are widely used to increase the camber and effective angle of attack of an airfoil, thereby enhancing lift 

generation. The NACA 0015 airfoil was modeled using SOLIDWORKS, and computational fluid dynamics (CFD) simulations were 

performed in ANSYS Fluent, employing the k-ω SST turbulence model at a Reynolds number of 100,000. Results indicate that both 

lift and drag coefficients increase with the angle of attack. The highest lift coefficient was achieved using a plain flap at a deflection 

angle of 20° and an angle of attack of 10°, while the highest drag force occurred under the same conditions. Compared to the baseline 

(unmodified) airfoil, the lift-to-drag ratio improved significantly with flap deployment, reaching its maximum for a plain flap at a 

10° deflection. The simulation outcomes were validated against available experimental data under comparable boundary conditions. 

These findings offer valuable guidance for optimizing airfoil-flap configurations, with direct implications for the design of more 

efficient wing and control surface systems in modern aircraft, ultimately contributing to enhanced fuel economy and overall 

aerodynamic performance. 
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1 Introduction   

One of the first issues in the aviation industry has been the 

computation of lift and drag over different vehicle bodies. An 

airfoil is the cross-sectional state of a wing of a rotor, turbine, 

propeller, or sail which provides lift to the plane as well as drag 

[1]. The lift generation of a plane depends on the shape of the 

airfoil, wing area, and aircraft velocity [2]. An airplane's velocity 

is comparatively low during takeoff and landing. To maintain 

high lift to avoid objects on the ground airplane designers aim to 

increase wing area and modify airfoil shape by incorporating 

moving elements on the leading and trailing edges of the wings. 

The moving element on the leading edge is called a slat & the 

moving element on the trailing edge is called a flap. The addition 

of a flap and slat helps to control lift and drag according to the 

need of the airplane [3]. Previously, the calculation of lift & drag 

was performed through a trial-and-error method. But these days 

both analytical and computational methods are developed to 

closely approximate the lift coefficient and pressure distribution 

over a body. In this study, we will explore the effects of various 

types of flaps. The flap & slat of a running airfoil is shown in Fig. 

1. Flow over an airfoil is shown in Fig. 2. Hasan et al. [4] 

conducted a comparison study by computing and testing the 

aerodynamic properties of the NACA 0012 and NACA 2412 

airfoils. The turbulence models that were employed were 𝑘 − 𝜔 

SST Turbulence Model, Standard 𝑘 − 𝜀 Turbulence Model, 

Spalart-Allmaras Turbulence Model, k−𝑘𝐿 − 𝜔 Turbulence 

Model, and 𝛾 − 𝑅𝜃Transition SST Turbulence Model. At a 

lower angle of attack, these models were capable of determining 

the drag coefficients. However, none of those could precisely 

calculate the drag coefficient at a greater angle of attack.  
 

 

Fig. 1 Use of flap and slat on an airplane. 

 

 

Fig. 2 Flow over an extended airfoil. 
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The simulation results and the experimental results were 

compared [4]. Sharma and Poddar [5] experimented & found that 

NACA 0015 airfoil with a C = 0.31m and an AOA of -5° to 250° 

& Reynolds numbers ranging from 200000 to 600000 when the 

AOA increases, the laminar separation bubble bursts, the flow 

becomes turbulent, and the flow abruptly separates, causing 

"Abrupt Stall." [5]. Dionne and Lee [6] used NACA 0015 to 

determine the impact of trailing-edge flap deflection on the 

aerodynamic characteristics and flow field of a symmetric airfoil 

over a sinusoidal wave-like ground. The flap deflection causes a 

cyclic fluctuation in CL and Cm across one wavelength, just as the 

unflapped airfoil. In contrast to CL, the change in Cm shows a 

different pattern. However, compared to their unflapped 

counterparts, the flap deployment results in a bigger maximum 

and minimum CL and Cm and a lesser fluctuation between these 

values. Comparing the flap-deflected airfoil to an unflapped 

airfoil at the wave valley results in higher RAM pressure and 

higher CL [6]. Adem and Sahin [7] experimented to measure the 

lift & drag force of NACA 0015 airfoil. At different AOA & at 

low Reynolds numbers and found that drag and lift coefficients 

increased with increasing angle of attack. The stall was started 

with a 16° attack angle & the optimum lift coefficient value was 

measured and computed at 16° The optimum airfoil performance 

was measured and calculated at about 8° [7]. Rubel et al. [8] 

numerically & experimentally found that as the angle of attack is 

increased, the lift and drag coefficients for NACA 0015 airfoil 

both rises. As Reynolds' number rises, the drag coefficient 

steadily decreases. However, the lift coefficient increases slightly 

as Reynolds' number rises before beginning to decline [8]. 

Ahmed et al. [9] investigated a computational study on NACA 

0012 airfoil having different flap angles at different Mach 

numbers & found that High flap angles result in a higher lift but 

it also increases drag very significantly. Furthermore, it is also 

obvious that decreasing flap angles causes an increase in range 

and endurance. Additionally, range and endurance for each flap 

angle decrease with rising Mach number [9]. Daud et al. [10] 

analyzed the effect of slat & flap on NACA 0015 airfoil where 

they found that when the slat angle is 25° & the flap angle is 30° 

then the lift coefficient became maximum.   

2 Designed Model for CFD Analysis 

3D & 2D view of NACA 0015 airfoil are shown in Fig. 3 

and Fig. 4 respectively. 

 

Fig. 3 3D view of NACA 0015 

 

Fig. 4 2D view of NACA 0015 

3D & 2D view of NACA 0015 airfoil with plain flap are 

shown in Fig. 5 and Fig. 6 respectively. 

 

Fig. 5 3D view of NACA 0015 with plain flap 

 

Fig. 6 2D view of NACA 0015 with plain flap 

3D & 2D view of NACA 0015 airfoil with slotted flap are 

shown in Fig. 7 and Fig. 8 respectively.  

 

Fig. 7 3D view of NACA 0015 with slotted flap 
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Fig. 8 2D view of NACA 0015 with slotted flap 

In Table 1 specification of the used airfoil is given. 

Table 1 Specifications of the used Airfoil. 

NO Description Dimensions 

1 Airfoil type NACA 0015 

2 Wing span 100 cm 

3 Chord length 100 cm 

4 Flap to chord ratio 25%C or 25 cm 

5 Gap between flap and airfoil 1%C or 1 cm 

Fig. 9 shows mesh generation of different types of airfoil 

profiles. 

3 Governing Equation 

In our study, we used the standard k–ω SST turbulence 

model to perform the simulations. This model is one of the most 

extensively used in engineering applications due to its balance of 

accuracy and robustness. Originally developed by Wilcox [11] 

as the standard k–ω model, it was later modified by Menter [12] 

to form the k–ω shear-stress transport (SST) model. The k–ω 

SST model is particularly well-suited for fully developed 

turbulent flows and offers improved prediction capabilities in 

both near-wall and free-stream regions. While the standard k–ε 

model performs well in the far field and the standard k–ω model 

is accurate near walls, the k–ω SST model blends the advantages 

of both through a hybrid formulation [13]. This makes it ideal for 

simulating flows with strong adverse pressure gradients and 

separation—conditions often encountered in airfoil 

aerodynamics. Therefore, the k–ω SST model was chosen over 

other turbulence models for its superior ability to capture the 

complex flow features around the airfoil and flap configurations 

accurately. 

The 𝑘 − 𝜔 SST turbulence model is governed by following 

equations: 

𝐷𝜌𝑘

𝐷𝑡
= 𝜏𝑖𝑗 ∙

𝜕𝑢𝑖

𝜕𝑥𝑗

+ 𝛽 ∗ 𝜌𝜔𝑘 +
 𝜕

𝜕𝑥𝑗

[(𝜇 + 𝜎𝑘𝜇𝑡)
𝜕𝑘

𝜕𝑥
] (1) 
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(2) 

where, 𝛽∗ =
𝜀

𝐾𝜔
 and the turbulence stress tensor is, 

𝜏𝑖𝑗 = −𝜌𝑢𝑖
′𝑢𝑗

′̅̅ ̅̅ ̅̅ = 𝜇𝑡 (
𝜕𝑢𝑖

𝜕𝑥𝑗
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𝜕𝑢𝑗

 𝜕𝑥𝑖

 −
2

3
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𝜕𝑥𝑘

𝛿𝑖𝑗) −
2

3
𝜌𝑘𝛿𝑖𝑗 

(3) 

 

 

(a) 

 

(b) 

 
(c) 

 

(d) 

Fig. 9 Mesh of (a) whole flow domain of plain NACA 0015 (b) 

flow domain near airfoil NACA 0015 (c) flow domain near 

NACA 0015 airfoil with plain flap (d) flow domain near NACA 

0015 airfoil with slotted flap 
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The turbulence viscosity can be determined by 𝑣𝑡 =

 𝑎1
𝑘

𝑚𝑎𝑥[𝑎1,𝜔,Ω𝐹2]
 

where, Ω = the absolute value of the vorticity, a1 =31.01 and 

the function 𝐹2 is given by,  

𝐹2 = 𝑡𝑎𝑛 ℎ {𝑚𝑎𝑥 [(
2√𝑘 

0.09𝜔𝑦
,
500𝜈

𝑦2𝜔
)]}

2

 
(4) 

where, y is the distance to the nearest surface.  

The coefficients 𝛽, 𝛾, 𝜎𝑘 , 𝜎𝜔 are defined as functions of the 

coefficients of the 𝑘 − 𝜔 model which are defined as follows: 

𝛽 = 𝐹1𝛽1 + (1 − 𝐹1)𝛽2,    𝛾 = 𝐹1𝛾1 + (1 −  𝐹1)𝛾2, (5) 

𝜎𝑘 = 𝐹1𝜎𝑘1
+ (1 − 𝐹1)𝜎𝑘2

, 𝜎𝜔 = 𝐹1𝜎𝜔1
+ (1 − 𝐹1)𝜎𝜔2

 (6) 

where the function F1 is, 

𝐹1 = 𝑡𝑎𝑛ℎ {𝑚𝑖𝑛 [𝑚𝑎𝑥 [(
√𝑘

0.09𝜔𝑦
 ,

500𝜈

𝑦2𝜔
)  ,

 4𝜌𝜎𝜔2𝑘

𝐶𝐷𝑘𝜔𝑦2
]]}

4

 
(7) 

and the coefficient 𝐶𝐷𝐾𝜔 is,  

𝐶𝐷𝐾𝜔 = max (2ρ𝜔2  
1

𝜔
 

∂k 

∂𝑥𝑗  

∂ω

∂𝑥𝑗

, 10−20) (8) 

Model constants: 𝛽∗=0.09, 𝛽1=0.075, 𝛽2=0.0828, 

𝛾1=0.5532, 𝛾2=0.4404, 𝜎𝑘1
 =0.85, 𝜎𝑘2

 =1.0, 𝜎𝜔1
 =0.5 and 𝜎𝜔2

 

=0.856. 
In this chapter, data obtained from numerical analysis is 

presented with the aid of tables. After that, validation of the 

numerical analysis is portrayed. However, significance of these 

data might be difficult to understand since no graphical method 

is used to characterize the aerodynamic properties by the 

obtained data in this chapter. In the validation part of this chapter, 

one graphical plot is shown in order to visualize the comparison 

between the data obtained from CFD analysis and practical 

experiment. 

4 Data Obtained from Numerical Analysis 

Table 2 shows the required data and boundary conditions for 

the simulation.   

Table 2 Some essential data 

Fluid type Air 

Airfoil material Aluminum 

Chord length of Airfoil 100 cm 

Span 100 cm 

Total area 100 ∗ 100 cm2 

Temperature 20°𝐶 

Gauge pressure 0 Pa 

Velocity of air 1.63 𝑚. 𝑠−1 

Air density 1.204 𝑘𝑔. 𝑚−3 

Viscosity of air 1.82 × 10-5𝑘𝑔. 𝑚−1. 𝑠−1 

Reynolds number 0.1 ∗ 106 

4.1 Lift and Drag Coefficients for NACA 0015 Airfoil with 

Plain Flap 

Lift and Drag coefficients obtained from simulation for 

NACA 0015 airfoil with plain flap are shown in Table 3, Table 

4 and Table 5 respectively.  

Table 3 Lift and Drag Coefficient of NACA 0015 airfoil with 

plain flap at flap angle 10° 

AOA Lift Coefficient (CL) Drag Coefficient (CD) 

0 0.370585 0.02456 

5 0.803810 0.032945 

10 1.162352 0.052314 

12 1.186845 0.073808 

Table 4 Lift and Drag Coefficient of NACA 0015 airfoil with 

plain flap at flap angle 15° 

AOA Lift Coefficient (CL) Drag Coefficient (CD) 

0 1.355312 0.091217 

5 2.294319 0.114669 

10 2.955348 0.171941 

12 1.901588 0.507273 

Table 5 Lift and Drag Coefficient of NACA 0015 airfoil with 

plain flap at flap angle 20° 

AOA Lift Coefficient (CL) Drag Coefficient (CD) 

0 0.506950 0.033691 

5 0.951040 0.043394 

10 1.290716 0.666760 

12 0.425104 0.255108 

4.2 Lift and Drag Coefficients for NACA 0015 Airfoil with 

Slotted Flap 

Lift and Drag coefficients obtained from simulation for 

NACA 0015 airfoil with slotted flap are shown in Table 6, Table 

7 and Table 8 respectively. 

Table 6 Lift and Drag Coefficient of NACA 0015 airfoil with 

slotted flap at flap angle 10° 

AOA Lift Coefficient (CL) Drag Coefficient (CD) 

0 0.185871 0.030391 

5 0.657451 0.038357 

10 1.009587 0.059916 

12 0.372013 0.184443 

Table 7 Lift and Drag Coefficient of NACA 0015 airfoil with 

slotted flap at flap angle 15° 

AOA Lift Coefficient (CL) Drag Coefficient (CD) 

0 0.359956 0.03840 

5 0.836546 0.047414 

10 1.227739 0.06817 

12 0.700783 0.33351 

Table 8 Lift and Drag Coefficient of NACA 0015 airfoil with 

slotted flap at flap angle 20° 

AOA Lift Coefficient (CL) Drag Coefficient (CD) 

0 0.555761 0.046276 

5 1.021809 0.056086 

10 1.281246 0.087067 

12 1.244119 0.327201 
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4.3 Lift and Drag Coefficient for Plain NACA 0015 Airfoil 

Lift and Drag coefficients obtained from simulation for plain 

NACA 0015 airfoil is shown in Table 9. 

Table 9 Lift and Drag Coefficient of NACA 0015 airfoil 

AOA Lift Coefficient (CL) Drag Coefficient (CD) 

0 0 0.0199 

5 0.4648387 0.021618381 

10 0.83526863 0.035667292 

12 0.89174854 0.051354952 

4.4 Lift-to-Drag Ratio 

 Lift-to-Drag ratio obtained from numerical analysis is 

shown in Table 10. 

Table 10 Comparison of lift-to-drag ratio 

AOA 
Plain NACA 

0015 Airfoil 

NACA 0015 with 

plain flap 

NACA 0015 with 

slotted flap 

10° 15° 20° 10° 15° 20° 

0 0 15.09 15.05 14.86 6.12 9.37 12.00 

5 21.50 24.40 21.92 20.00 17.14 17.64 18.22 

10 23.42 22.22 19.40 17.19 16.85 18.00 14.72 

12 17.36 16.08 1.67 3.75 2.02 2.10 3.80 

4.5 Data Validation 

In Table 11 the comparison between experimental and 

numerical data has been shown. The experimental values have 

been collected from the experiment done by De Simone [14]. 

Table 11 Comparison of lift-to-drag ratio between 

experimental and numerical analysis 

AOA Numerical Data of 

NACA 0015 

Experimental Data of 

NACA 0015 

0 0 0 

5 21.50 17.43 

10 23.42 15.67 

12 17.36 13 

Fig. 10 exhibits validation of our CFD analysis using lift-to-

drag ratio. 

The data stated in this chapter have been used in the 

following chapter to generate different graphs and plots to 

comprehend the aerodynamic effect of using different types of 

flaps at different angle. Although the numerical results show a 

similar trend to the experimental data, some discrepancies are 

observed in the lift-to-drag ratio values. These differences 

primarily arise due to inherent limitations in the simulation 

model. Firstly, the CFD analysis was performed assuming a 

perfectly smooth airfoil surface, whereas in reality, the 

experimental model surface exhibits microscopic roughness. 

This surface roughness increases skin friction and affects 

boundary layer behavior, resulting in a lower lift-to-drag ratio in 

the experimental data. 

 

Fig. 10 Validation of CFD analysis using Lift-to-drag ratio 

 Secondly, the simulation considers an idealized geometry, 

free from any manufacturing imperfections or material 

inconsistencies. However, such imperfections are inevitable in 

physical experiments and can influence the aerodynamic 

performance. Moreover, the turbulence model used in the CFD 

setup—although robust—introduces certain limitations. It does 

not fully capture complex flow phenomena such as transitional 

flow, separation bubbles, or vortex shedding under varying flow 

conditions, particularly at higher angles of attack. The simulation 

was also conducted in two dimensions to reduce computational 

cost. This approach ignores three-dimensional flow effects such 

as tip vortices and spanwise pressure gradients that naturally 

occur in the experimental setup, contributing to the observed 

discrepancies. Finally, the boundary conditions in the simulation 

were set under ideal and uniform flow conditions, which are 

difficult to replicate precisely in wind tunnel experiments. Minor 

disturbances or measurement uncertainties in the experimental 

setup further contribute to the variation. Despite these 

differences, the overall agreement between the numerical and 

experimental results supports the validity of the CFD model for 

analyzing the aerodynamic characteristics of the airfoil under 

various configurations. 

5 Comparative Analysis of The Results  

In this part of the chapter, the graphical representations of 

lift coefficient, drag coefficient, lift to drag ratios and contours of 

static pressure have been discussed respectively. These data are 

plotted with respect to angles of attack, geometries having 

different at different angle. 

5.1 Graphical Representation of Lift Coefficients 

Comparison of Lift coefficients with respect to angle of 

attack is shown in Fig. 11. This graph is plotted using Table 3 to 

Table 9. 

From the graph we can say that Lift coefficients increased 

with the increase of angle of attack and addition of flap also 

causes increase in lift coefficient. 

5.2 Graphical Representation of Drag Coefficients 

Comparison of Drag coefficients with respect to angle of 

attack is shown in Fig. 12. From the graph we can say that Drag 

coefficients increased with the increase of angle of attack and 

addition of flap also causes increase in drag coefficient and it is 

maximum for plain flap at 200 angle. 
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Fig. 11 Lift coefficient vs. angle of attack plot for different 

airfoil geometry. 

 

Fig. 12 Drag coefficient vs. angle of attack plot for different 

airfoil geometry. 

5.3 Graphical Representation of Lift to Drag Ratios 

Comparison of Drag coefficients with respect to angle of 

attack is shown in Fig. 13. From the graph we can say that Lift-

to-drag coefficients increased with the increase of angle of attack 

and became maximum at 50 after that it stars decreasing and for 

plain flap it is maximum compared with slotted flap. 

5.4 Contours of Static Pressure 

The contours of static pressure generated by ANSYS are 

shown from Fig. 14 to Fig. 20. These figures project the 

distribution of static pressure around any airfoil geometry or any 

other geometry. These figures are formatted in such a way that 

the cooler tones indicate lower pressures where the warmer tones 

represent higher pressures. 

5.4.1 Contours of Static Pressure of NACA 0015 Airfoil 

Fig. 14 represents the contours of static pressure of plain 

NACA 0015 airfoil. The static pressure contours of the plain 

NACA 0015 airfoil demonstrate how pressure distribution 

changes with increasing angle of attack. At 0°, the flow is 

symmetric around the airfoil, resulting in negligible lift. As the 

angle increases to 5°, a clear pressure difference develops 

between the upper and lower surfaces, indicating the onset of lift 

generation. At 10°, this difference becomes more pronounced, 

enhancing lift further, although early signs of flow separation 

may start to appear. By 12°, the pressure field on the upper 

surface becomes more diffused, suggesting increased flow 

separation and the onset of stall. Overall, the contours clearly 

illustrate the relationship between angle of attack, pressure 

distribution, and lift performance. 

 

Fig. 13 Lift-to-drag ratio vs. angle of attack plot for different 

airfoil geometry 

5.4.2 Contours of Static Pressure of NACA 0015 Airfoil 

with Plain Flap 

Fig. 15 represents the contours of static pressure of NACA 

0015 airfoil with plain flap at a flap angle of 100, 150 and 200. 

Fig. 15 presents the static pressure contours for the NACA 0015 

airfoil equipped with a plain flap deflected at 10°, observed at 

various angles of attack (AOA). At 0°, the pressure distribution 

already shows asymmetry due to the flap deflection, resulting in 

noticeable lift even without geometric AOA. As the AOA 

increases to 5° and 10°, the low-pressure region on the upper 

surface expands, and the high-pressure zone on the lower surface 

intensifies, leading to enhanced lift generation. At 12°, flow 

separation becomes more evident near the trailing edge, as 

indicated by the weakening of the suction region and diffusion of 

the pressure gradient, marking the approach to stall conditions. 

The flap deflection enhances lift at lower AOAs but also 

accelerates the onset of separation at higher angles. 

Fig. 16 illustrates the static pressure contours of the NACA 

0015 airfoil with a 15° plain flap deflection at different angles of 

attack. Even at 0° AOA, the flap creates a significant pressure 

difference between the upper and lower surfaces, producing 

noticeable lift. As the AOA increases to 5° and 10°, the low-

pressure zone on the suction side becomes stronger and more 

extended, while the pressure on the lower surface increases, 

resulting in greater lift. However, at 12°, the pressure contours 

on the upper surface begin to lose definition near the trailing 

edge, indicating early flow separation and reduced aerodynamic 

efficiency. This shows that while a 15° flap boosts lift at 

moderate AOAs, it also brings the flow closer to stall at higher 

angles. 

Fig. 17 displays the static pressure contours for the NACA 

0015 airfoil with a 20° plain flap deflection at various angles of 

attack. At 0° AOA, a strong pressure differential is already 

present due to the high flap angle, indicating substantial lift 

generation even without geometric inclination. As the AOA 

increases to 5° and 10°, the upper surface exhibits an expanded 

low-pressure region, while the lower surface shows elevated 

pressure, maximizing lift. However, at 12° AOA, the contours on 

the upper surface become less uniform and more scattered near 

the trailing edge, indicating significant flow separation. This 

confirms that while the 20° flap deflection yields the highest lift, 

it also causes a rapid decline in aerodynamic performance due to 

early stall onset. 
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(a)                                                                           (b) 

        

(c)                                                                             (d)       

Fig. 14 Contours of static pressure of NACA 0015 airfoil at (a) AOA= 0°, (b) AOA= 5° , (c) AOA= 10° , (d) AOA= 12° 

     

(a)                                                                                  (b) 

     

(c)                                                                                (d) 

Fig. 15 Contours of static pressure of NACA 0015 airfoil with plain flap at 10°angle AOA= 0°, (b) AOA= 5° , (c) AOA= 10° , (d) 

AOA= 12° 



S. Das et al. /JEA Vol. 06(03) 2025, pp 75-85 

82 

 

      

(a)                                                                               (b) 

      

(c)                                                                              (d) 

Fig. 16 Contours of static pressure of NACA 0015 airfoil with plain flap at 15°angle (a) AOA= 0°, (b) AOA= 5° , (c) AOA= 10° , (d) 

AOA= 12° 

     

(a)                                                                              (b) 

     

(c)                                                                                            (d) 

Fig. 17 Contours of static pressure of NACA 0015 airfoil with plain flap at 20°angle (a) AOA= 0°, (b) AOA= 5° , (c) AOA= 10° , (d) 

AOA= 12° 
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5.4.3 Contours of Static Pressure of NACA 0015 Airfoil 

with Slotted Flap  

Fig. 18, Fig. 19, Fig. 20 respectively represents the contours 

of static pressure of NACA 0015 airfoil with slotted flap at a flap 

angle of 100, 150 and 200. Figure 18 shows the static pressure 

contours for the NACA 0015 airfoil equipped with a 10° slotted 

flap at different angles of attack. At 0° AOA, the flap creates a 

modest pressure difference, producing a small amount of lift. As 

the AOA increases to 5° and 10°, the suction on the upper surface 

strengthens, while the pressure on the lower surface increases, 

enhancing lift. The slotted design allows high-energy air to pass 

through the gap, delaying flow separation. At 12° AOA, the 

pressure contours remain relatively smooth and attached 

compared to plain flap configurations, indicating that the slotted 

flap effectively sustains flow attachment and resists stall onset at 

higher AOAs.  

Fig. 19 presents the static pressure contours for the NACA 

0015 airfoil fitted with a slotted flap deflected at 15° across 

varying angles of attack (AOA). At 0° AOA, the increased flap 

deflection generates a more pronounced pressure difference 

between the upper and lower surfaces compared to lower flap 

angles, resulting in higher baseline lift. As the AOA increases to 

5° and 10°, the suction peak on the upper surface becomes 

stronger, while the pressure on the lower surface also increases 

significantly, indicating enhanced lift generation. The slotted 

flap effectively channels high-energy airflow through the slot, 

which helps maintain flow attachment over the airfoil and delays 

boundary layer separation. Even at 12° AOA, the pressure 

distribution remains relatively smooth and attached, suggesting 

that the 15° slotted flap configuration sustains aerodynamic 

performance and postpones stall onset better than smaller flap 

deflections or plain flap designs. 

Fig. 20 displays the static pressure contours of the NACA 

0015 airfoil with a slotted flap deflected at 20° for various angles 

of attack (AOA). At 0° AOA, the large flap deflection creates a 

significant pressure difference between the upper and lower 

surfaces, resulting in substantial lift generation even without 

angle of attack. As the AOA increases to 5° and 10°, the suction 

peak on the upper surface intensifies further, accompanied by a 

marked rise in pressure on the lower surface, indicating enhanced 

lift. However, the larger flap angle also increases the risk of flow 

separation. Despite the slotted flap’s ability to energize the 

boundary layer by allowing airflow through the slot, at 12° AOA 

the pressure contours begin to show signs of flow detachment 

and potential stall onset. This suggests that while the 20° slotted 

flap provides high lift at lower AOAs, it also approaches its 

operational limits at higher angles, emphasizing a trade-off 

between lift enhancement and stall delay. 

 

     

(a)                                                                             (b) 

     

(c)                                                                                    (d) 

Fig. 18 Contours of static pressure of NACA 0015 airfoil with slotted flap at 10°angle AOA= 0°, (b) AOA= 5° , (c) AOA= 10° , (d) 

AOA= 12° 
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(a)                                                                                       (b) 

     

(c)                                                                              (d) 

 Fig. 19 Contours of static pressure of NACA 0015 airfoil with slotted flap at 15°angle  (a) AOA= 0°, (b) AOA= 5° , (c) AOA= 10° , 

(d) AOA= 12° 

      

(a)                                                                          (b) 

      

(c)                                                                           (d) 

Fig. 20 Contours of static pressure of NACA 0015 airfoil with slotted flap at 20°angle (a) AOA= 0°, (b) AOA= 5° , (c) AOA= 10° , 

(d) AOA= 12° 
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To support both quantitative and qualitative analyses, 

numerical results were plotted alongside experimental data for 

comparison. Additionally, static pressure contours were 

generated to visualize the pressure distribution over the airfoil 

surface. These contours clearly show higher pressure on the 

lower surface and lower pressure on the upper surface in high-

lift configurations, validating the aerodynamic mechanisms 

responsible for the observed trends. 

6 Conclusion 

The findings of this study can be concluded as follow: 

• NACA 0015 airfoil produces zero lift at zero angle of 

attack whereas NACA 0015 airfoil with all flaps produces 

lift at zero angle of attack and it is the maximum for plain 

flap at flap angle 200. 

• With the addition of flap lift coefficient increases in 

comparison with plain NACA 0015 airfoil. Lift 

coefficient maximizes for plain flap with 200 flap angle 

and for slotted flap the lift coefficient maximizes at 200 

flap angles also. 

• For plain NACA 0015 airfoil stall angle is found at 120 

whereas with flap stall angle reduces and lies in between 

100 to 110 

• Drag coefficient increases with the increment of angle of 

attack and addition of flap also causes increase in drag 

coefficient but it increases drastically for plain flap at 200 

angles. 

• Lit-to-drag ratio for plain flap is greater than for slotted 

flap and lift-to-drag became maximum at an angle of 

attack 50 it starts decreasing after that.  
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