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Abstract 

In this paper, numerical simulation of flow developments around NACA 0012 airfoil 

with a range of backward steps was carried out to explore the possibility of enhancing 

aerodynamic performance. Step is at 0.5 chord and is modified with angles ranging from 0° to 

40° with angle of attack ranging from 0° to 40°. It was found that incorporation of backward 

steps may lead to considerable enhancements in lift coefficients and lift to drag ratios. 

Computational results suggest that the increase in lift and lift to drag ratios may be due to the 

vortex formation around the step of the airfoil. The results may serve as a reference for future 

studies on the possibilities of using vortex tapping for enhancing aerodynamic performance of 

aircrafts. 

Nomenclature 

α= Angle of attack 

Cl= Coefficient of lift 

Cd= Coefficient of drag 

1.Introduction 

Since the advent of successful 

aviation in commercial, defense and 

experimental research sectors, people have 

been constantly researching on improving 

the quality of flow over the aircraft so as to 

enhance the overall performance in terms of 

lift, drag and stability characteristics. 

A promising technique to enhance 

the flow characteristics which is primarily 

dealt in this study is to modify the geometry 

of a conventional airfoil by introducing 

backward facing steps, which forms a 

relatively new family of airfoil designs 

popularly known as ‘Kline- Fogleman 

airfoils’. Stepped airfoils use the concept of 

trapped vortex cavities which deals with 

various flow alteration techniques to 

enhance flow field characteristics. It alters 

lift, drag characteristics depending on the 

location and design of the step. 

Aerodynamic studies on stepped airfoils 

were conducted by Stephen Witherspoon et 

al. (1996) for different configurations 

defined by the step lengths, depths and the 

location of steps on airfoil chord. 

Experimental tests and numerical 
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investigation with steps on NACA 0012 and 

23012 airfoils showed the higher lift 

coefficients at lower step located at half 

chord, extending till the trailing edge at all 

angles of attack ranging from 0° to 10°. 

The present work aims at the 

investigation of aerodynamics 

characteristics of flow over NACA 0012 

airfoil and the modified airfoil designs 

incorporating backward steps. Step location 

is at 0.5 chord and the angle of step is varied 

from 0° to 40°. The inlet velocity given was 

7.3m/s. The computational results obtained 

are compared varying the angle of attack for 

each modified airfoil. FLUENT was used 

for all calculations. 

2. Problem description and solution 
methodology 

 

 

 

 

 

Fig 1. Illustration of basic NACA 0012 

airfoil and modified NACA 0012 airfoil 

with backward facing steps with depth 0.5 

and step angles 10°,20°,30°,40°. 

The models of modified airfoils 

taken into study are illustrated in the Figure 

1. The chord length is 10 cm and inlet 

velocity for computation is 7.3m/s. Steady 

state pressure based model is used for the 

study. The reference condition for both the 

incoming and outgoing fluid is atmospheric 

pressure. 

 

Figure 2. Generated grid around NACA 

0012 airfoil. 

The 2D model has around 200000 elements. 

3. Results and Discussion 

Pressure contours over the stepped 

airfoils are shown in figures 5 to 9. As the 

angle of attack increases, the intensity or the 

number of vortex around the airfoil also 

increases. This increase in intensity as the 

angle of attack increases contribute to the 

increase in lift and drag coefficients shown 

in figure 3 and figure 4. It can also be seen 

that the drag and lift coefficients varies with 

the step angle of the airfoil. Less the angle 

of the step, lower the lift and drag 

characteristics of the airfoil.  

The stepped airfoil with 0° step 

angle has lift and drag coefficient values 

close to the obtained values from 

Witherspoon et al. Here, 30° stepped airfoil 

has better aerodynamic characteristics. 
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Figure 5. Contours of 0° stepped airfoil with 

varying angle of attack (0°, 10°, 20°,30°) 

Figure 3. Variation of coefficient of lift with 

angle of attack for all stepped airfoils

Figure 4. Coefficient of drag versus angle of 

attack for all stepped airfoils. 

 

 

 

 

 

 

 

Figure 6. Contours of 10° stepped airfoil 

with varying angle of attack (0°, 10°, 

20°,30°, 40°) 
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Figure 7. Contours of 20° stepped airfoil 

with varying angle of attack (0°, 10°, 

20°,30°,40°) 

 

 

 

 

 

 

Figure 8. Contours of 30° stepped airfoil 

with varying angle of attack (10°, 

20°,30°,40°) 

 

 

 

 

Figure 9. Contours of 40° stepped airfoil 

with varying angle of attack (0°, 

20°,30°,40°) 
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4. Summary and conclusion 

Computational study of flow 

developments over NACA 0012 and 

modified NACA 0012 airfoil with backward 

steps were conducted. The obtained 

coefficient of lift and drag values were 

compared with that of stepped airfoils at 

different angles of attack. The values were 

validated with the values obtained by 

Witherspoon et al.and it was found to be 

similar. 

 The possible reason for varying lift 

and drag coefficients in stepped airfoils may 

be the formation of vortex around the step of 

the airfoil. It was found that as the angle of 

attack increases, lift also increases. 

Moreover, contours obtained from 

simulation suggests that as the angle of 

attack increases, the vortex intensity and/or 

number of vortex formed also increases. 

This may account for the varying lift and 

drag coefficients at different angles of 

attack.  

 The results presented in this study 

constitute the next step towards 

understanding the effects of a step induced 

vortex on an aerodynamic characteristics of 

a conventional NACA 0012 airfoil. This 

study takes on a relatively new family of 

airfoils which has to be researched 

extensively. Achieving an enhancement in 

the aerodynamic performance correlates to 

improving the overall efficiency of the 

aircraft as significant amount of power can 

be saved due to increase in lift and/or 

reduction of drag resulting in fuel and 

money savings and reduced emissions. 

Future work in the direction of the 

current study and preliminary studies 

conducted on stepped airfoils in the past 

could possibly involve experimental 

investigation of a full scale model using 

modified NACA 0012 airfoil based wing 

and further, numerical and experimental 

investigation towards design.   
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