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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 [1-18]. In this work, 

the airfoils having the names beginning with the letter 

F 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 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 

f4fras15 15.0% at 29.7% of the chord 4.36% at 22.8% of the chord 2.2964% 0.0% 

F6012610 9.92% at 40.2% of the chord 2.95% at 53.3% of the chord 0.0353% 0.0% 

Fage & Collins 8.17% at 30.0% of the chord 4.09% at 30.0% of the chord 1.0477% 0.0% 

FAGE-CO1 8.17% at 30.0% of the chord 4.09% at 30.0% of the chord 1.0715% 0.0% 

FAGE-CO2 8.16% at 30.0% of the chord 4.08% at 30.0% of the chord 0.8245% 0.0% 

FAGE-CO3 10.14% at 30.0% of the chord 5.07% at 30.0% of the chord 0.8997% 0.0% 

FAGE-CO4 12.7% at 30.0% of the chord 6.35% at 30.0% of the chord 2.0925% 0.0% 

Falcon 13.68% at 30.6% of the chord 1.57% at 20.5% of the chord 1.2005% 0.2891% 

FAUVEL 14% 13.98% at 25.0% of the chord 2.54% at 25.0% of the chord 2.0738% 0.0% 

FIN-MP 8.5% at 20.0% of the chord 8.5% at 40.0% of the chord 1.6261% 0.0% 

fiu2.1 9.0% at 21.8% of the chord 1.4% at 32.8% of the chord 1.3402% 0.0192% 

Fukuda 10 9.92% at 30.0% of the chord 5.11% at 30.0% of the chord 1.5763% 0.16% 

FUKUDA10 9.92% at 30.0% of the chord 5.11% at 30.0% of the chord 1.5763% 0.16% 

FX 38-153 15.54% at 43.5% of the chord 2.14% at 80.4% of the chord 0.9289% 0.0% 

FX 60-100 10.0% at 27.9% of the chord 3.56% at 56.5% of the chord 0.7019% 0.0% 

FX 60-100 (126) 10.12% at 30.8% of the chord 3.58% at 59.7% of the chord 0.6442% 0.0% 

FX 60-126-1 12.6% at 27.9% of the chord 3.96% at 56.5% of the chord 1.0295% 0.0% 

FX 60-157 15.67% at 40.2% of the chord 2.72% at 75.0% of the chord 1.1677% 0.0% 

FX 60-160 15.59% at 40.0% of the chord 3.08% at 60.0% of the chord 1.0993% 0.0% 

FX 60-177 17.72% at 37.1% of the chord 2.72% at 77.8% of the chord 1.2476% 0.0% 

FX 61-140 13.98% at 33.9% of the chord 2.46% at 30.9% of the chord 0.679% 0.0% 

FX 61-147 14.77% at 33.9% of the chord 3.18% at 33.9% of the chord 0.8347% 0.0% 

FX 61-163 16.35% at 37.1% of the chord 2.56% at 33.9% of the chord 0.8841% 0.0% 

FX 61-168 16.81% at 37.1% of the chord 2.99% at 37.1% of the chord 0.971% 0.0% 

FX 61-184 18.37% at 37.1% of the chord 3.09% at 62.9% of the chord 1.2388% 0.0% 

FX 62-K-153-20 15.27% at 40.2% of the chord 4.08% at 62.9% of the chord 0.839% 0.0% 

FX 63-100 9.93% at 30.8% of the chord 4.34% at 50.0% of the chord 0.9304% 0.0% 

FX 63-110 11.0% at 30.8% of the chord 4.34% at 50.0% of the chord 1.1276% 0.0% 

FX 63-120 12.01% at 30.8% of the chord 5.24% at 50.0% of the chord 1.2522% 0.0% 

FX 63-137 13,7% smoothed 13.67% at 30.9% of the chord 5.95% at 50.0% of the chord 1.6062% 0.0% 

FX 63-143 14.32% at 33.9% of the chord 3.09% at 30.9% of the chord 0.8837% 0.0% 

FX 63-145 14.47% at 30.9% of the chord 4.04% at 37.1% of the chord 0.9478% 0.0% 

FX 63-147 14.75% at 33.9% of the chord 3.13% at 33.9% of the chord 0.8432% 0.0% 

FX 63-158 15.81% at 33.9% of the chord 3.77% at 37.1% of the chord 1.0423% 0.0% 

FX 66-17AII-182 18.2% at 33.9% of the chord 3.8% at 37.1% of the chord 0.9457% 0.0% 

FX 66-182 18.2% at 33.9% of the chord 3.8% at 37.1% of the chord 0.9457% 0.0% 

FX 66-S-161 16.12% at 33.9% of the chord 3.91% at 43.5% of the chord 0.7953% 0.0% 

FX 66-S-171 17.11% at 33.9% of the chord 3.88% at 43.5% of the chord 0.8933% 0.0% 

FX 66-S-196 19.63% at 37.1% of the chord 3.78% at 43.5% of the chord 1.0146% 0.0% 

FX 66-S-196 V1 19.57% at 37.1% of the chord 4.01% at 46.7% of the chord 1.0014% 0.0% 

FX 67-K-150-17 14.98% at 40.2% of the chord 4.83% at 43.5% of the chord 0.3617% 0.0% 

FX 67-K-170-17 17.01% at 40.2% of the chord 5.07% at 43.5% of the chord 0.7046% 0.0% 

FX 71-L-150-20 15.0% at 33.9% of the chord 0.0% at 0.0% of the chord 2.7595% 0.0% 

FX 71-L-150-25 15.0% at 33.9% of the chord 0.0% at 0.0% of the chord 2.7002% 0.0% 

FX 71-L-150-30 15.0% at 33.9% of the chord 0.0% at 0.0% of the chord 2.6357% 0.0% 

FX 71-L-150-K30 15.0% at 33.9% of the chord 0.0% at 0.0% of the chord 2.7595% 0.0% 

FX 74-Cl5-140 MOD 

(smoothed) 
13.08% at 27.1% of the chord 9.72% at 41.6% of the chord 1.0656% 0.012% 

FX LIII-142 K 25 14.2% at 30.9% of the chord 0.0% at 0.0% of the chord 1.1085% 0.0% 

FX S 02-1-158 15.78% at 30.9% of the chord 3.5% at 37.1% of the chord 0.8115% 0.0% 

FX S 02-196 19.59% at 37.1% of the chord 3.74% at 43.5% of the chord 1.7062% 0.0% 
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FX S 03-182 18.21% at 40.2% of the chord 2.85% at 56.5% of the chord 0.8696% 0.0% 

FX05H126 12.61% at 37.1% of the chord 4.4% at 37.1% of the chord 0.8007% 0.0% 

FX60-100 10,0% smoothed 9.98% at 27.9% of the chord 3.55% at 56.5% of the chord 0.6674% 0.0% 

FX60-126 12.59% at 27.9% of the chord 3.56% at 56.5% of the chord 1.0934% 0.0% 

FX62K131 13.09% at 40.2% of the chord 3.89% at 53.3% of the chord 0.5774% 0.0% 

FX74_CL5_140 14.05% at 30.9% of the chord 9.94% at 37.1% of the chord 1.4815% 0.0% 

FX74-140 14.05% at 30.9% of the chord 9.94% at 37.1% of the chord 1.4815% 0.0% 

FX76MP12 12.07% at 30.0% of the chord 7.61% at 50.0% of the chord 1.2173% 0.175% 

FX76MP14 14.04% at 30.0% of the chord 7.09% at 50.0% of the chord 1.6174% 0.182% 

FX76MP16 16.09% at 30.0% of the chord 6.06% at 50.0% of the chord 2.1496% 0.018% 

 

Note: 

Fage & Collins (Great Britain); 

fiu2.1 (By Matteo Gallizia – Italy); 

Fukuda 10 (J. Fukuda (Japan)). 

 

Table 2. The geometric shapes of the airfoils in the cross section. 
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Results and discussion 

The calculated pressure contours on the surfaces 

of the airfoils at the different angles of attack are 

presented in the Figs. 1-60. 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. 

Various versions of the airfoils, including 

smoothed ones, were investigated. Positive pressure at 

the leading edge of all considered airfoils under 

conditions of horizontal flight of the airplane was 

determined in the range of 6.4-6.7 kPa. Thus, the drag 
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coefficient at the leading edge does not change much. 

The greatest drag occurs at the leading edge of the 

FX74-140 airfoil. 

The maximum drag occurs in the area of the 

leading edge of the F6012610 airfoil at the positive 

angle of attack. The large negative pressure gradient 

is formed due to the small radius of the leading edge 

of this airfoil. However, at the negative angle of 

attack, negative pressure is reduced by more than 15 

times. This calculated magnitude of negative pressure 

is one of the minimum magnitudes of pressures in 

conditions of the airplane descent. 
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Figure 1. The pressure contours on the surfaces of the f4fras15 airfoil. 
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Figure 2. The pressure contours on the surfaces of the F6012610 airfoil. 
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Figure 3. The pressure contours on the surfaces of the Fage & Collins airfoil. 
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Figure 4. The pressure contours on the surfaces of the FAGE-CO1 airfoil. 
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Figure 5. The pressure contours on the surfaces of the FAGE-CO2 airfoil. 
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Figure 6. The pressure contours on the surfaces of the FAGE-CO3 airfoil. 

 



Impact Factor: 

ISRA (India)        = 6.317 

ISI (Dubai, UAE) = 1.582 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 3.939  

ESJI (KZ)          = 9.035 

SJIF (Morocco) = 7.184 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  108 

 

 

α
 =

 0
 d

eg
re

es
 

 

α
 =

 1
5
 d

eg
re

es
 

 

α
 =

 -
1
5
 d

eg
re

es
 

 

Figure 7. The pressure contours on the surfaces of the FAGE-CO4 airfoil. 
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Figure 8. The pressure contours on the surfaces of the Falcon airfoil. 
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Figure 9. The pressure contours on the surfaces of the FAUVEL 14% airfoil. 
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Figure 10. The pressure contours on the surfaces of the FIN-MP airfoil. 
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Figure 11. The pressure contours on the surfaces of the fiu2.1 airfoil. 
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Figure 12. The pressure contours on the surfaces of the Fukuda 10 airfoil. 
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Figure 13. The pressure contours on the surfaces of the FUKUDA10 airfoil. 
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Figure 14. The pressure contours on the surfaces of the FX 38-153 airfoil. 
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Figure 15. The pressure contours on the surfaces of the FX 60-100 airfoil. 
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Figure 16. The pressure contours on the surfaces of the FX 60-100 (126) airfoil. 
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Figure 17. The pressure contours on the surfaces of the FX 60-126-1 airfoil. 

 

α
 =

 0
 d

eg
re

es
 

 

α
 =

 1
5
 d

eg
re

es
 

 

α
 =

 -
1
5
 d

eg
re

es
 

 

Figure 18. The pressure contours on the surfaces of the FX 60-157 airfoil. 
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Figure 19. The pressure contours on the surfaces of the FX 60-160 airfoil. 
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Figure 20. The pressure contours on the surfaces of the FX 60-177 airfoil. 
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Figure 21. The pressure contours on the surfaces of the FX 61-140 airfoil. 
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Figure 22. The pressure contours on the surfaces of the FX 61-147 airfoil. 
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Figure 23. The pressure contours on the surfaces of the FX 61-163 airfoil. 
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Figure 24. The pressure contours on the surfaces of the FX 61-168 airfoil. 
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Figure 25. The pressure contours on the surfaces of the FX 61-184 airfoil. 
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Figure 26. The pressure contours on the surfaces of the FX 62-K-153-20 airfoil. 
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Figure 27. The pressure contours on the surfaces of the FX 63-100 airfoil. 
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Figure 28. The pressure contours on the surfaces of the FX 63-110 airfoil. 
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Figure 29. The pressure contours on the surfaces of the FX 63-120 airfoil. 

 

α
 =

 0
 d

eg
re

es
 

 

α
 =

 1
5
 d

eg
re

es
 

 

α
 =

 -
1
5
 d

eg
re

es
 

 

Figure 30. The pressure contours on the surfaces of the FX 63-137 13,7% (smoothed) airfoil. 
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Figure 31. The pressure contours on the surfaces of the FX 63-143 airfoil. 
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Figure 32. The pressure contours on the surfaces of the FX 63-145 airfoil. 
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Figure 33. The pressure contours on the surfaces of the FX 63-147 airfoil. 
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Figure 34. The pressure contours on the surfaces of the FX 63-158 airfoil. 
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Figure 35. The pressure contours on the surfaces of the FX 66-17AII-182 airfoil. 
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Figure 36. The pressure contours on the surfaces of the FX 66-182 airfoil. 

 



Impact Factor: 

ISRA (India)        = 6.317 

ISI (Dubai, UAE) = 1.582 

GIF (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

РИНЦ (Russia) = 3.939  

ESJI (KZ)          = 9.035 

SJIF (Morocco) = 7.184 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  123 

 

 

α
 =

 0
 d

eg
re

es
 

 

α
 =

 1
5
 d

eg
re

es
 

 

α
 =

 -
1
5
 d

eg
re

es
 

 

Figure 37. The pressure contours on the surfaces of the FX 66-S-161 airfoil. 
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Figure 38. The pressure contours on the surfaces of the FX 66-S-171 airfoil. 
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Figure 39. The pressure contours on the surfaces of the FX 66-S-196 airfoil. 
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Figure 40. The pressure contours on the surfaces of the FX 66-S-196 V1 airfoil. 
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Figure 41. The pressure contours on the surfaces of the FX 67-K-150-17 airfoil. 
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Figure 42. The pressure contours on the surfaces of the FX 67-K-170-17 airfoil. 
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Figure 43. The pressure contours on the surfaces of the FX 71-L-150-20 airfoil. 
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Figure 44. The pressure contours on the surfaces of the FX 71-L-150-25 airfoil. 
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Figure 45. The pressure contours on the surfaces of the FX 71-L-150-30 airfoil. 
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Figure 46. The pressure contours on the surfaces of the FX 71-L-150-K30 airfoil. 
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Figure 47. The pressure contours on the surfaces of the FX 74-Cl5-140 MOD (smoothed) airfoil. 
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Figure 48. The pressure contours on the surfaces of the FX LIII-142 K 25 airfoil. 
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Figure 49. The pressure contours on the surfaces of the FX S 02-1-158 airfoil. 
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Figure 50. The pressure contours on the surfaces of the FX S 02-196 airfoil. 
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Figure 51. The pressure contours on the surfaces of the FX S 03-182 airfoil. 
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Figure 52. The pressure contours on the surfaces of the FX05H126 airfoil. 
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Figure 53. The pressure contours on the surfaces of the FX60-100 10,0% smoothed airfoil. 
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Figure 54. The pressure contours on the surfaces of the FX60-126 airfoil. 
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Figure 55. The pressure contours on the surfaces of the FX62K131 airfoil. 
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Figure 56. The pressure contours on the surfaces of the FX74_CL5_140 airfoil. 
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Figure 57. The pressure contours on the surfaces of the FX74-140 airfoil. 
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Figure 58. The pressure contours on the surfaces of the FX76MP12 airfoil. 
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Figure 59. The pressure contours on the surfaces of the FX76MP14 airfoil. 
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Figure 60. The pressure contours on the surfaces of the FX76MP16 airfoil. 
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The maximum increase in pressure at the leading 

edge occurs at the angle of attack of 15 degrees for the 

following airfoils: F6012610, Fage & Collins, FAGE-

CO1, FAGE-CO2, FAGE-CO3, FAGE-CO4, FIN-

MP, fiu2.1, Fukuda 10, FUKUDA10, FX 60-100, FX 

60-100 (126), FX 60-177, FX 61-147, FX 62-K-153-

20, FX 63-100, FX 63-110, FX 63-120, FX 63-145, 

FX 63-158, FX 67-K-150-17, FX 71-L-150-25, FX 

74-Cl5-140 MOD (smoothed), FX LIII-142 K 25, 

FX05H126, FX60-100 10,0% smoothed, FX62K131, 

FX74_CL5_140, FX74-140, FX76MP12, 

FX76MP14. The maximum increase in pressure at the 

leading edge occurs at the angle of attack of -15 

degrees for the remaining airfoils. 

 

Conclusion 

The airfoils without curvature are affected by 

following pressures during horizontal flight of the 

airplane: negative (near the upper surface) and 

positive (near the leading and trailing edges and the 

lower surface). The thin (medium thickness) airfoils 

with the small leading edge radius create the high drag 

when the airplane climb and the low drag when the 

airplane descent. Negative pressure increases at the 

negative angle of attack and decreases at the positive 

angle of attack with an increase in the leading edge 

radius of the airfoil with a thickening in the middle 

(for example, FX60-126). 
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