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Introduction 

Creating reference materials that determine the 

most accurate pressure distribution on the airfoils 

surfaces is an actual task of the airplane aerodynamics. 

 

Materials and methods 

The study of air flow around the airfoils was 

carried out in a two-dimensional formulation by 

means of the computer calculation in the Comsol 

Multiphysics program. The airfoils in the cross section 

were taken as objects of research [1-11]. In this work, 

the airfoils having the names beginning with the letter 

A (continuation [12]) were adopted. Air flow around 

the airfoils was carried out at the angles of attack (α) 

of 0, 15 and -15 degrees. The flight speed of the 

airplane in each case was subsonic. The airplane flight 

in the atmosphere was carried out under normal 

weather conditions. The geometric characteristics of 

the studied airfoils are presented in the Table 1. The 

studied geometric shapes of the airfoils in the cross 

section are presented in the Table 2. 

 

 

Table 1. The geometric characteristics of the airfoils. 

 

Airfoil name Max. thickness Max. camber 
Leading edge  

radius 

Trailing edge  

thickness 

2032cjc 8.00% at 18.3% of the chord 7.00% at 35.0% of the chord 0.8668% 0.32% 

Abrial 17-bis 9.89% at 20.0% of the chord 3.42% at 20.0% of the chord 0.4091% 0.1% 

AG03 6.24% at 25.0% of the chord 2.02% at 32.7% of the chord 0.4353% 0.121% 

AG04 6.42% at 22.5% of the chord 1.75% at 40.2% of the chord 0.4617% 0.134% 

AG08 5.83% at 21.0% of the chord 1.8% at 39.1% of the chord 0.4494% 0.1599% 

AG09 4.86% at 17.4% of the chord 1.86% at 32.8% of the chord 0.4879% 0.1953% 

AG10 4.73% at 16.1% of the chord 1.71% at 32.6% of the chord 0.6852% 0.3617% 

AG11 5.81% at 25.4% of the chord 2.29% at 29.1% of the chord 0.6035% 0.2321% 

AG16 7.11% at 23.3% of the chord 1.87% at 46.9% of the chord 0.4682% 0.0929% 

AG17 6.49% at 21.9% of the chord 2.02% at 45.5% of the chord 0.453% 0.0939% 

AG18 5.87% at 20.6% of the chord 2.16% at 44.2% of the chord 0.4386% 0.0948% 

AG19 5.4% at 20.6% of the chord 2.27% at 42.8% of the chord 0.4293% 0.0954% 

AG24 8.41% at 26.0% of the chord 2.22% at 45.5% of the chord 0.5238% 0.0971% 

AG25 7.58% at 24.6% of the chord 2.4% at 45.5% of the chord 0.4899% 0.0963% 

AG26 6.84% at 23.3% of the chord 2.55% at 44.2% of the chord 0.4882% 0.0999% 

AG27 6.11% at 21.7% of the chord 2.7% at 44.0% of the chord 0.4959% 0.1035% 

AG12 6.24% at 21.9% of the chord 1.85% at 42.7% of the chord 0.4513% 0.0942% 

AG13 5.83% at 21.0% of the chord 1.97% at 41.7% of the chord 0.4552% 0.0948% 

AG14 5.37% at 19.9% of the chord 2.1% at 40.5% of the chord 0.452% 0.0956% 

AG455ct – 02f rot. 6.47% at 23.3% of the chord 1.83% at 31.6% of the chord 0.5107% 0.0844% 

AG45c – 03f 6.93% at 23.3% of the chord 2.58% at 38.7% of the chord 0.5214% 0.0893% 

AG46c – 03f 6.03% at 23.3% of the chord 2.28% at 41.5% of the chord 0.4764% 0.0793% 

AG46ct – 02f rot. 6.08% at 23.3% of the chord 1.69% at 33.0% of the chord 0.4866% 0.0793% 

AG47c – 03f 5.06% at 22.0% of the chord 1.96% at 45.7% of the chord 0.4573% 0.0692% 

AG47ct – 02f rot. 4.99% at 22.0% of the chord 1.3% at 33.1% of the chord 0.4658% 0.0693% 

Anderson SPICA 11.72% at 30% of the chord 4.74% at 35.0% of the chord 1.2192% 0.0% 

AS5045 15.0% at 37.4% of the chord 1.02% at 27.0% of the chord 1.1351% 0.25% 

AS5046 16.0% at 37.2% of the chord 1.08% at 20.5% of the chord 1.4094% 0.268% 

AS5048 17.98% at 40.6% of the chord 1.19% at 23.4% of the chord 1.7444% 0.299% 

ASW22 7.33m de MCM 17.45% at 31.4% of the chord 3.51% at 37.8% of the chord 2.9919% 0.2602% 

ASW-7.33m de MCM 12.97% at 27.0% of the chord 3.51% at 37.6% of the chord 1.721% 0.193% 

AVISTAR 14.52% at 34.2% of the chord 2.19% at 37.9% of the chord 2.3196% 0.3211% 

 

Note: 

AG03, AG11 (Apogee HLG series wood wing Mark Drela); 

AG04-AG10 (Apogee HLG series molded wing composite Mark Drela); 

AG16-AG19 (Allegro 2m 1 Mark Drela); 
AG24-AG27 (Bubble Dancer DLG by Mark Drela); 

AG12-AG14 (New SuperGee DLG by Mark Drela); 

AG455ct – 02f rot., AG46ct – 02f rot., AG47ct – 02f rot. (New SuperGee DLG by Mark Drela); 

AG45c – 03f, AG46c – 03f, AG47c – 03f (SuperGee RC DLG by Mark Drela); 

Anderson SPICA (R/C sailplane airfoil, smoothed); 

AS5045 (Ashok Gopalarathnam/Selig 15% at the tip), AS5046 (Ashok Gopalarathnam/Selig 16% will work on stock spars), AS5048 (Ashok 

Gopalarathnam/Selig 18% at the root); 

AVISTAR (Hobbico R/C Avistar trainer airfoil). 
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Table 2. The geometric shapes of the airfoils in the cross section. 

 

 

 

  

  

  

 

 

  

 

 

  

  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Results and discussion 

The calculated pressure contours on the surfaces 

of the airfoils at the different angles of attack are 

presented in the Figs. 1-32. The calculated magnitudes 

on the scale can be represented as the basic 

magnitudes when comparing the pressure drop under 

conditions of changing the angle of attack of the 

airfoils. 

When comparing the 20-32C and 2032cjc 

airfoils, it was determined that at the zero angle of 

attack, the calculated pressure magnitudes on the 

surfaces are the same. The calculated pressure 

magnitudes increase at the positive and negative 

angles of attack. The Abrial 17-bis airfoil undergoes 

less deformations in the horizontal position than the 

Abrial 17 airfoil. However, at the positive and 

negative angles of attack, the Abrial 17-bis modified 

airfoil is subjected to more pressure than the original 

version. 

The occurrence of the negative pressure gradient 

over the larger area of the upper surface at the zero 

angle of attack is characteristic of the AG airfoils line. 

Drag increases at the leading edge from the side of the 

upper surface of the airfoil at the positive and negative 

angles of attack. Pressure is distributed evenly over 

the areas of the upper and lower surfaces. Maximum 

pressure of -91.7 kPa is determined at the angle of 

attack of 15 degrees of the AG03 airfoil, minimum 

pressure of -1.93 kPa is determined at the angle of 

attack of 0 degrees of the AG47c – 03f airfoil. 

The airfoils with the maximum thickness are 

characterized by the formation of the negative 

pressure gradient over the large areas of the upper and 

lower surfaces at the positive and negative angles of 

attack. Acting pressure decreases with increasing the 

airfoil thickness (for example, AS5045, AS5046, 

AS5048). 
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Figure 1. The pressure contours on the surfaces of the 2032cjc airfoil. 
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Figure 2. The pressure contours on the surfaces of the Abrial 17-bis airfoil. 
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Figure 3. The pressure contours on the surfaces of the AG03 airfoil. 
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Figure 4. The pressure contours on the surfaces of the AG04 airfoil. 
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Figure 5. The pressure contours on the surfaces of the AG08 airfoil. 
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Figure 6. The pressure contours on the surfaces of the AG09 airfoil. 
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Figure 7. The pressure contours on the surfaces of the AG10 airfoil. 
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Figure 8. The pressure contours on the surfaces of the AG11 airfoil. 
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Figure 9. The pressure contours on the surfaces of the AG16 airfoil. 
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Figure 10. The pressure contours on the surfaces of the AG17 airfoil. 
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Figure 11. The pressure contours on the surfaces of the AG18 airfoil. 
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Figure 12. The pressure contours on the surfaces of the AG19 airfoil. 
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Figure 13. The pressure contours on the surfaces of the AG24 airfoil. 

 

α
 =

 0
 d

eg
re

es
 

 

α
 =

 1
5
 d

eg
re

es
 

 

α
 =

 -
1
5
 d

eg
re

es
 

 

Figure 14. The pressure contours on the surfaces of the AG25 airfoil. 
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Figure 15. The pressure contours on the surfaces of the AG26 airfoil. 
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Figure 16. The pressure contours on the surfaces of the AG27 airfoil. 
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Figure 17. The pressure contours on the surfaces of the AG12 airfoil. 
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Figure 18. The pressure contours on the surfaces of the AG13 airfoil. 
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Figure 19. The pressure contours on the surfaces of the AG14 airfoil. 
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Figure 20. The pressure contours on the surfaces of the AG455ct – 02f rot airfoil. 
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Figure 21. The pressure contours on the surfaces of the AG45c – 03f airfoil. 
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Figure 22. The pressure contours on the surfaces of the AG46c – 03f airfoil. 
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Figure 23. The pressure contours on the surfaces of the AG46ct – 02f rot airfoil. 
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Figure 24. The pressure contours on the surfaces of the AG47c – 03f airfoil. 
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Figure 25. The pressure contours on the surfaces of the AG47ct – 02f rot airfoil. 
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Figure 26. The pressure contours on the surfaces of the Anderson SPICA airfoil. 
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Figure 27. The pressure contours on the surfaces of the AS5045 airfoil. 

 

α
 =

 0
 d

eg
re

es
 

 

α
 =

 1
5
 d

eg
re

es
 

 

α
 =

 -
1
5
 d

eg
re

es
 

 

Figure 28. The pressure contours on the surfaces of the AS5046 airfoil. 
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Figure 29. The pressure contours on the surfaces of the AS5048 airfoil. 
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Figure 30. The pressure contours on the surfaces of the ASW22 7.33m de MCM airfoil. 
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Figure 31. The pressure contours on the surfaces of the ASW-7.33m de MCM airfoil. 
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Figure 32. The pressure contours on the surfaces of the AVISTAR airfoil. 
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For the some airfoils, maximum increase in 

negative pressure on the leading edge occurs at the 

angle of attack of 15 degrees (2032cjc, Abrial 17-bis, 

AG03-AG27, AG455ct – 02f rot., AG45c – 03f, 

AG46c – 03f, AG46ct – 02f rot., AG47c – 03f, 

AG47ct – 02f rot., Anderson SPICA), and for others, 

increase in negative pressure on the leading edge 

occurs at the angle of attack of -15 degrees (AS5045, 

AS5046, AS5048, ASW22 7.33m de MCM, ASW-

7.33m de MCM, AVISTAR). 

Conclusion 

The considered airfoils with the maximum 

thickness are characterized by an increase in drag at 

the leading edge in conditions of maneuvering the 

airplane, leading to a decrease in the flight altitude. 

Drag increases several times during takeoff of the 

airplane for the rest airfoils. Maximum pressure is 

negative and for two airfoils (AG03 and AG09) it is -

91.7 kPa and -85.9 kPa, respectively. 
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