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Introduction 

Creating reference materials that determine the 

most accurate pressure distribution on the airfoil 

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 [1-39]. In this work, 

the airfoils having the names beginning with the letter 

W were adopted. Air flow around the airfoils was 

carried out at angles of attack (α) of 0, 15 and -15 

degrees. 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 

WACO COOTIE 8.46% at 30.0% of the chord 6.28% at 40.0% of the chord 0.8839% 0.5% 

WASP (smoothed) 9.35% at 27.1% of the chord 2.98% at 37.9% of the chord 0.794% 0.023% 

WB-135-35 13,5% smoothed 13.55% at 25.0% of the chord 3.75% at 50.0% of the chord 1.0142% 0.0% 

WB-140-35-FB 14% 13.93% at 35.0% of the chord 3.7% at 45.0% of the chord 1.096% 0.5% 

Westphal 18105 10.5% at 30.0% of the chord 1.75% at 30.0% of the chord 1.7056% 0.2% 

WHITCOMB INTEGRAL 

SUPERCRITICAL 
10.96% at 35.0% of the chord 2.29% at 82.5% of the chord 1.9733% 0.05% 

WOODSTOK 5.7% at 20.0% of the chord 7.85% at 50.0% of the chord 1.3239% 0.3% 

WORTMANN FX 049-915 14.72% at 37.1% of the chord 5.82% at 37.1% of the chord 1.4886% 0.0% 

WORTMANN FX 05-188 18.82% at 37.1% of the chord 2.62% at 50.0% of the chord 1.6214% 0.0% 

WORTMANN FX 05-191 19.08% at 37.1% of the chord 2.62% at 50.0% of the chord 1.3765% 0.0% 

WORTMANN FX 057-816 16.18% at 37.1% of the chord 5.13% at 37.1% of the chord 1.5276% 0.0% 

WORTMANN FX 05-H-126 12.61% at 37.1% of the chord 4.4% at 37.1% of the chord 0.8007% 0.0% 

WORTMANN FX 082-512 11.8% at 25.0% of the chord 4.16% at 62.9% of the chord 1.2991% 0.0% 

WORTMANN FX 08-S-176 17.61% at 37.1% of the chord 5.66% at 37.1% of the chord 0.6544% 0.0% 

WORTMANN FX 2 20.45% at 43.5% of the chord 3.77% at 69.1% of the chord 1.601% 0.0% 

WORTMANN FX 3 19.98% at 50.0% of the chord 4.16% at 75.0% of the chord 1.5151% 0.0% 

WORTMANN FX 60-126 12.59% at 27.9% of the chord 3.56% at 56.5% of the chord 1.0934% 0.0% 

WORTMANN FX 60-126-1 12.58% at 30.0% of the chord 3.93% at 50.0% of the chord 1.2355% 0.0% 

WORTMANN FX 61-140 14.0% at 30.0% of the chord 2.4% at 30.0% of the chord 1.2795% 0.0% 

WORTMANN FX 62-K-131 13.09% at 40.2% of the chord 3.89% at 53.3% of the chord 0.5774% 0.0% 

WORTMANN FX 62-K-131-
17 

13.16% at 40.0% of the chord 3.92% at 50.0% of the chord 0.903% 0.0% 

WORTMANN FX 63-100 10.1% at 30.0% of the chord 4.34% at 50.0% of the chord 1.1317% 0.0% 

WORTMANN FX 63-120 12.0% at 30.0% of the chord 5.31% at 60.0% of the chord 1.2814% 0.0% 

WORTMANN FX 63-137 13.71% at 30.9% of the chord 5.97% at 53.3% of the chord 1.336% 0.0% 

WORTMANN FX 66-17A-175 17.52% at 33.9% of the chord 4.16% at 40.2% of the chord 0.581% 0.0% 

WORTMANN FX 66-17AII-

182 
18.84% at 35.0% of the chord 3.65% at 40.1% of the chord 0.9998% 0.08% 

WORTMANN FX 71-089A 8.94% at 22.2% of the chord 0.0% at 0.0% of the chord 1.6569% 0.0% 

WORTMANN FX 71-120 11.99% at 25.0% of the chord 0.0% at 0.0% of the chord 2.2348% 0.0% 

WORTMANN FX 72-MS-
150A 

15.01% at 37.1% of the chord 8.34% at 46.7% of the chord 1.6172% 0.0% 

WORTMANN FX 72-MS-

150B 
15.01% at 37.1% of the chord 9.72% at 46.7% of the chord 1.498% 0.0% 

Wortmann FX 74-CL5-140 
Modified 

13.08% at 27.1% of the chord 9.72% at 41.6% of the chord 0.985% 0.012% 

WORTMANN FX 77-W-153 15.26% at 27.9% of the chord 4.49% at 27.9% of the chord 1.5674% 0.181% 

WORTMANN FX 77-W-258 26.15% at 30.9% of the chord 4.34% at 27.9% of the chord 7.0492% 1.219% 

WORTMANN FX 77-W-343 34.41% at 34.0% of the chord 4.7% at 25.0% of the chord 11.4941% 4.223% 

WORTMANN FX 79-K-144-

17 
14.39% at 43.5% of the chord 2.81% at 40.2% of the chord 0.9631% 0.2% 

WORTMANN FX L V-152 15.3% at 34.0% of the chord 0.0% at 0.0% of the chord 0.9243% 0.04% 

WORTMANN FX M2 8.4% at 19.6% of the chord 4.78% at 30.9% of the chord 1.5513% 0.0% 

WORTMANN FX-L-142-25 14.16% at 30.0% of the chord 0.0% at 0.0% of the chord 1.2879% 0.0% 

WORTMANN M 2 8.23% at 20.0% of the chord 4.74% at 30.0% of the chord 1.3547% 0.25% 

WRIGHT-6 13.6% at 30.0% of the chord 7.17% at 30.0% of the chord 1.5465% 0.0% 

WRIGHTT1 13.37% at 30.0% of the chord 7.06% at 40.0% of the chord 1.7369% 0.21% 

 

Note: Westphal 18105 (F. Westphal (Germany)), Wortmann FX 74-CL5-140 Modified (high lift airfoil). 
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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 different angles of attack are 

presented in the Figs. 1-41. The calculated values on 

the scale can be represented as the basic values when 

comparing the pressure drop under conditions of 

changing the angle of attack of the airfoils. 

41 WORTMANN type airfoils and a number of 

others were considered. All airfoils are asymmetrical, 

with the exception of WORTMANN FX 71-089A, 

WORTMANN FX 71-120, WORTMANN FX L V-

152 and WORTMANN FX-L-142-25. 

The WORTMANN FX 77-W-343 airfoil has a 

maximum thickness of 34.41%. The minimum 

thickness of 5.7% is determined for the WOODSTOK 

airfoil. The maximum camber of 9.72% is determined 

for the WORTMANN FX 72-MS-150B and 

Wortmann FX 74-CL5-140 Modified airfoils. The 

minimum camber of 0.0% is defined for the 

asymmetric airfoils. The largest leading edge radius of 

11.4941% was noted for the WORTMANN FX 77-W-

343 airfoil, and the minimum radius of 0.5774% was 

noted for the WORTMANN FX 62-K-131 airfoil. The 

largest thickening of the trailing edge of 4.223% was 

performed in the WORTMANN FX 77-W-343 airfoil. 

There is no thickening on the trailing edge for most 

airfoils. 

Let us consider the aerodynamic characteristics 

of the airfoils described above. 

Due to the curved geometric shape of the 

WOODSTOK airfoil, the pressure drop (positive and 

negative) on the upper and lower surfaces is negligible 

when the airplane descent. However, during the 

airplane climb on the leading edge of the airfoil, 

significant negative pressures arise, causing a large 

drag. The concave lower surface of the airfoil 

contributes to the formation of gradients of both 

positive and negative pressures. 

The convex upper and lower surfaces of the 

WORTMANN FX 62-K-131 airfoil, when the 

airplane climb, lead to an increase in the drag on the 

leading edge, compared with the WOODSTOK 

airfoil. The airplane descent at an angle of attack of -

15 degrees leads to a 3-fold pressure difference on the 

surfaces of the WORTMANN FX 62-K-131 airfoil. 

The pressure drop on the surfaces of the 

WORTMANN FX 72-MS-150B airfoil during 

horizontal flight and descent of the airplane is almost 

the same. When climb, the pressure difference reaches 

a value of 2.5 times, which is the minimum value of 

the above-considered airfoils. 

However, a similar configuration of the 

Wortmann FX 74-CL5-140 Modified airfoil, but with 

a smaller thickness, increases the pressure difference 

on the upper and lower surfaces by almost 2 times. 

The WORTMANN FX 77-W-343 airfoil ensures 

the same pressure difference on the upper and lower 

surfaces during horizontal flight and climb of the 

airplane. The airplane descent with this airfoil of the 

wing leads to an increase in the drag by 2.5 times, 

compared with the airplane climb. 
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Figure 1. The pressure contours on the surfaces of the WACO COOTIE airfoil. 

 

α
 =

 0
 d

eg
re

es
 

 

α
 =

 1
5

 d
eg

re
es

 

 

α
 =

 -
1

5
 d

eg
re

es
 

 
Figure 2. The pressure contours on the surfaces of the WASP (smoothed) airfoil. 
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Figure 3. The pressure contours on the surfaces of the WB-135-35 13,5% smoothed airfoil. 
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Figure 4. The pressure contours on the surfaces of the WB-140-35-FB 14% airfoil. 
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Figure 5. The pressure contours on the surfaces of the Westphal 18105 airfoil. 
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Figure 6. The pressure contours on the surfaces of the WHITCOMB INTEGRAL SUPERCRITICAL airfoil. 
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Figure 7. The pressure contours on the surfaces of the WOODSTOK airfoil. 
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Figure 8. The pressure contours on the surfaces of the WORTMANN FX 049-915 airfoil. 
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Figure 9. The pressure contours on the surfaces of the WORTMANN FX 05-188 airfoil. 
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Figure 10. The pressure contours on the surfaces of the WORTMANN FX 05-191 airfoil. 
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Figure 11. The pressure contours on the surfaces of the WORTMANN FX 057-816 airfoil. 
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Figure 12. The pressure contours on the surfaces of the WORTMANN FX 05-H-126 airfoil. 
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Figure 13. The pressure contours on the surfaces of the WORTMANN FX 082-512 airfoil. 
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Figure 14. The pressure contours on the surfaces of the WORTMANN FX 08-S-176 airfoil. 
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Figure 15. The pressure contours on the surfaces of the WORTMANN FX 2 airfoil. 
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Figure 16. The pressure contours on the surfaces of the WORTMANN FX 3 airfoil. 
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Figure 17. The pressure contours on the surfaces of the WORTMANN FX 60-126 airfoil. 
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Figure 18. The pressure contours on the surfaces of the WORTMANN FX 60-126-1 airfoil. 
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Figure 19. The pressure contours on the surfaces of the WORTMANN FX 61-140 airfoil. 
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Figure 20. The pressure contours on the surfaces of the WORTMANN FX 62-K-131 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)          = 8.771 

SJIF (Morocco) = 7.184 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  15 

 

 

α
 =

 0
 d

eg
re

es
 

 

α
 =

 1
5

 d
eg

re
es

 

 

α
 =

 -
1

5
 d

eg
re

es
 

 
Figure 21. The pressure contours on the surfaces of the WORTMANN FX 62-K-131-17 airfoil. 

 

α
 =

 0
 d

eg
re

es
 

 

α
 =

 1
5

 d
eg

re
es

 

 

α
 =

 -
1

5
 d

eg
re

es
 

 
Figure 22. The pressure contours on the surfaces of the WORTMANN FX 63-100 airfoil. 
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Figure 23. The pressure contours on the surfaces of the WORTMANN FX 63-120 airfoil. 
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Figure 24. The pressure contours on the surfaces of the WORTMANN FX 63-137 airfoil. 
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Figure 25. The pressure contours on the surfaces of the WORTMANN FX 66-17A-175 airfoil. 
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Figure 26. The pressure contours on the surfaces of the WORTMANN FX 66-17AII-182 airfoil. 
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Figure 27. The pressure contours on the surfaces of the WORTMANN FX 71-089A airfoil. 
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Figure 28. The pressure contours on the surfaces of the WORTMANN FX 71-120 airfoil. 
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Figure 29. The pressure contours on the surfaces of the WORTMANN FX 72-MS-150A airfoil. 
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Figure 30. The pressure contours on the surfaces of the WORTMANN FX 72-MS-150B airfoil. 
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Figure 31. The pressure contours on the surfaces of the Wortmann FX 74-CL5-140 Modified airfoil. 
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Figure 32. The pressure contours on the surfaces of the WORTMANN FX 77-W-153 airfoil. 
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Figure 33. The pressure contours on the surfaces of the WORTMANN FX 77-W-258 airfoil. 
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Figure 34. The pressure contours on the surfaces of the WORTMANN FX 77-W-343 airfoil. 
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Figure 35. The pressure contours on the surfaces of the WORTMANN FX 79-K-144-17 airfoil. 

 

α
 =

 0
 d

eg
re

es
 

 

α
 =

 1
5

 d
eg

re
es

 

 

α
 =

 -
1

5
 d

eg
re

es
 

 
Figure 36. The pressure contours on the surfaces of the WORTMANN FX L V-152 airfoil. 
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Figure 37. The pressure contours on the surfaces of the WORTMANN FX M2 airfoil. 
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Figure 38. The pressure contours on the surfaces of the WORTMANN FX-L-142-25 airfoil. 
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Figure 39. The pressure contours on the surfaces of the WORTMANN M 2 airfoil. 
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Figure 40. The pressure contours on the surfaces of the WRIGHT-6 airfoil. 
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Figure 41. The pressure contours on the surfaces of the WRIGHT T1 airfoil. 

 

Conclusion 

The reduction of drag on the surfaces of the 

airplane wings can be provided by a rational 

configuration of the airfoil. To search for and further 

select airfoils with the best aerodynamic 

characteristics, computer testing of configurations of 

the airplane wing elements in cross section is 

proposed, taking into account the use of real boundary 

conditions, turbulence models, etc. For horizontal 

flight and the main maneuvers of the airplane, the 

dependences of the change in the value of drag and lift 

on the thickness, camber, radius of the leading edge 

and thickness of the trailing edge of the airfoil were 

determined. Thus, the time of testing the configuration 

of the airfoil is reduced with the possibility of 

obtaining reliable results at the design stage of the 

airplane wing. 
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