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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 [1-14]. In this work, the airfoils 

having the names beginning with the letter C 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 

C72 11.73% at 30.0% of the chord 5.87% at 30.0% of the chord 1.3308% 0.1% 

CAGI 731 10.06% at 30.0% of the chord 2.42% at 30.0% of the chord 1.3983% 0.0% 

CAGID2 9.97% at 30.0% of the chord 2.88% at 20.0% of the chord 1.006% 0.0% 

cap 21 15.59% at 15.7% of the chord 0.62% at 23.9% of the chord 3.2138% 0.0% 

CAST 10-2/DOA 2 

transonic airfoil 
12.18% at 45.6% of the chord 1.54% at 69.5% of the chord 0.9165% 0.5% 

Cavini 15 11.7% at 30.0% of the chord 5.85% at 30.0% of the chord 1.1643% 0.0% 

CH10 (smoothed) 12.84% at 30.6% of the chord 10.2% at 49.3% of the chord 1.2557% 0.011% 

Cheesman 25-1,00-

10 
10.1% at 25.0% of the chord 6.7% at 50.0% of the chord 1.5944% 0.0% 

CHEN 12.44% at 26.6% of the chord 7.76% at 26.6% of the chord 1.9015% 0.0% 

Chen high lift airfoil 12.44% at 26.6% of the chord 7.76% at 26.6% of the chord 1.8978% 0.0% 

CJ 1 9.5% at 30.0% of the chord 1.25% at 30.0% of the chord 1.2343% 0.3% 

CJ 2 5.6% at 20.0% of the chord 2.3% at 30.0% of the chord 0.7868% 0.25% 

CJ 3309 9.2% at 30.0% of the chord 3.4% at 30.0% of the chord 0.7862% 0.2% 

CJ 4 13.7% at 30.0% of the chord 2.35% at 30.0% of the chord 1.3037% 0.6% 

CJ 5 9.3% at 20.0% of the chord 2.3% at 30.0% of the chord 1.137% 0.0% 

CJ 6 5.6% at 20.0% of the chord 2.3% at 30.0% of the chord 0.7868% 0.25% 

CJ25209 9.5% at 25.4% of the chord 2.5% at 25.4% of the chord 0.6116% 0.0% 

CJ-25209 9.31% at 30.0% of the chord 2.47% at 20.0% of the chord 0.7841% 0.1% 

CJ-3209 9.34% at 30.0% of the chord 1.98% at 30.0% of the chord 0.8173% 0.0% 

CJ-3406 6.0% at 20.0% of the chord 4.0% at 30.0% of the chord 0.7% 0.2% 

CLARK K 11.69% at 30.1% of the chord 3.26% at 40.1% of the chord 1.9382% 0.12% 

CLARK V 11.64% at 30.0% of the chord 3.42% at 50.0% of the chord 1.1512% 0.14% 

CLARK W 11.22% at 30.0% of the chord 3.76% at 40.0% of the chord 1.4457% 0.1% 

CLARK X 11.7% at 30.0% of the chord 3.3% at 40.0% of the chord 1.2523% 0.12% 

CLARK Y 11.71% at 28.0% of the chord 3.43% at 42.0% of the chord 1.0714% 0.1199% 

CLARK YH 11.9% at 30.0% of the chord 5.95% at 30.0% of the chord 1.8596% 0.1% 

CLARK YH- Mod, 8.33% at 30.0% of the chord 5.95% at 30.0% of the chord 1.5909% 0.07% 

CLARK YM-15 14.98% at 30.1% of the chord 3.55% at 40.1% of the chord 2.0202% 0.16% 

CLARK YM-18 17.98% at 30.2% of the chord 3.55% at 40.2% of the chord 2.884% 0.18% 

CLARK YS 11.7% at 30.0% of the chord 2.35% at 30.0% of the chord 1.2661% 0.0% 

CLARK Z 11.75% at 30.0% of the chord 4.06% at 40.0% of the chord 1.6416% 0.12% 

CLARK-Y 11,7% 
smoothed 

11.72% at 30.9% of the chord 3.55% at 43.5% of the chord 1.2361% 0.0% 

CLARKY15 15.0% at 30.0% of the chord 5.85% at 30.0% of the chord 1.9854% 0.16% 

CLARKY18 18.0% at 30.0% of the chord 5.85% at 30.0% of the chord 2.831% 0.18% 

CLARK-Y2 11.7% at 30.9% of the chord 3.58% at 40.2% of the chord 1.1426% 0.0% 

CLARKYSimm 18.33% at 36.0% of the chord 0.0% at 0.0% of the chord 0.7217% 0.12% 

Coanda 2 6.0% at 30.0% of the chord 4.3% at 30.0% of the chord 0.6871% 0.0% 

COANDA-1 5.65% at 30.0% of the chord 4.17% at 30.0% of the chord 0.6522% 0.0% 

COANDA-3 7.0% at 30.0% of the chord 4.2% at 30.0% of the chord 0.6242% 0.0% 

CONA 10.0% at 31.3% of the chord 2.96% at 31.3% of the chord 0.3463% 0.258% 

CR 001 7.33% at 27.1% of the chord 4.06% at 45.4% of the chord 0.5493% 0.001% 

cr001sm 7.33% at 27.1% of the chord 4.06% at 45.4% of the chord 0.5493% 0.001% 

CRD-1 7.62% at 30.0% of the chord 7.13% at 50.0% of the chord 1.0378% 0.7% 

CRD-2 6.59% at 30.0% of the chord 6.57% at 50.0% of the chord 0.8749% 0.65% 

CRD-3 6.85% at 30.0% of the chord 7.3% at 50.0% of the chord 0.8364% 0.75% 

CRD-4 5.36% at 20.0% of the chord 6.55% at 40.0% of the chord 0.7901% 0.6% 

cristal cb85_15_7 15.69% at 40.0% of the chord 3.5% at 40.0% of the chord 0.8645% 0.0% 
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CSS 10.0% at 33.5% of the chord 4.85% at 35.5% of the chord 5.4407% 0.779% 

Curtiss C 62 8.02% at 30.0% of the chord 1.92% at 40.0% of the chord 1.5114% 0.0% 

Curtiss C 72 11.73% at 30.0% of the chord 5.87% at 30.0% of the chord 1.3308% 0.1% 

CURTISS CR-1 12.21% at 24.0% of the chord 4.71% at 42.0% of the chord 1.399% 0.0035% 

 

Note: 
CAGI 731 (USSR); 

Cavini 15 (L. Cavini (Italy)); 

CH10 (Chuch Hollinger CH 10-48-13 high lift low Reynolds number airfoil, smoothed); 
Cheesman 25-1,00-10 (USA); 

Chen high lift airfoil (University of Illinois); 

CJ 1, CJ 2, CJ 4, CJ 5, CJ 6 (USA); 
CJ 3309 (USA); 

Coanda 2 (H. Coanda (Romania)); 

CR 001 (Cody Robertson CR 001 R/C hand-launch low Reynolds number airfoil (smoothed)); 
Curtiss C 62, Curtiss C 72 (G. Curtiss (USA)); 

CURTISS CR-1 (General aviation airfoil). 

 

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. 1-51. 

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. 

The optimal airfoil should have good 

aerodynamic characteristics, i.e. low drag and high 

lift. The modified version of the CHEN airfoil is 

subjected to less negative pressure at the different 

angles of attack. The pressure difference near the 

upper and lower surfaces of the CJ 2 airfoil is 

approximately 172 kPa, i.e. it varies by more than 20 

times. This indicates a large lift of the airplane wing. 

In conditions of the airplane's descent, maximum 

pressure of -180 kPa acts on the CJ 2 airfoil. 

The CSS airfoil is subjected to a minimum 

pressure of -11.9 kPa at the similar negative angle of 

attack. 

Changing the angle of attack of the Chen high 

lift airfoil to 15 degrees is accompanied by pressure of 

-19.2 kPa, which is the minimum pressure magnitude 

for all considered airfoils. 

The minimum negative pressure magnitude was 

determined in conditions of horizontal flight of the 

airplane on the upper surface of the CAST 10-2/DOA 

2 transonic airfoil. Also, the minimum drag magnitude 

at the leading edge was calculated for this airfoil. This 

indicates the most favorable conditions for the 

airplane flight. 

During the airplane maneuvers, the leading edge 

of the airfoils is subjected to both positive and 

negative pressures. 

The maximum increase in pressure on the 

leading edge occurs at the angle of attack of -15 

degrees for some airfoils: 

- CAST 10-2/DOA 2 transonic airfoil; 

- Cheesman 25-1,00-10; 

- CHEN, Chen high lift airfoil; 

- CJ 1, CJ 2, CJ 4, CJ 5; 
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Figure 1. The pressure contours on the surfaces of the C72 airfoil. 
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Figure 2. The pressure contours on the surfaces of the CAGI 731 airfoil. 
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Figure 3. The pressure contours on the surfaces of the CAGID2 airfoil. 
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Figure 4. The pressure contours on the surfaces of the cap 21 airfoil. 
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Figure 5. The pressure contours on the surfaces of the CAST 10-2/DOA 2 transonic airfoil. 
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Figure 6. The pressure contours on the surfaces of the Cavini 15 airfoil. 
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Figure 7. The pressure contours on the surfaces of the CH10 (smoothed) airfoil. 
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Figure 8. The pressure contours on the surfaces of the Cheesman 25-1,00-10 airfoil. 
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Figure 9. The pressure contours on the surfaces of the CHEN airfoil. 
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Figure 10. The pressure contours on the surfaces of the Chen high lift airfoil. 
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Figure 11. The pressure contours on the surfaces of the CJ 1 airfoil. 
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Figure 12. The pressure contours on the surfaces of the CJ 2 airfoil. 
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Figure 13. The pressure contours on the surfaces of the CJ 3309 airfoil. 
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Figure 14. The pressure contours on the surfaces of the CJ 4 airfoil. 
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Figure 15. The pressure contours on the surfaces of the CJ 5 airfoil. 
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Figure 16. The pressure contours on the surfaces of the CJ 6 airfoil. 
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Figure 17. The pressure contours on the surfaces of the CJ25209 airfoil. 
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Figure 18. The pressure contours on the surfaces of the CJ-25209 airfoil. 
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Figure 19. The pressure contours on the surfaces of the CJ-3209 airfoil. 
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Figure 20. The pressure contours on the surfaces of the CJ-3406 airfoil. 
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Figure 21. The pressure contours on the surfaces of the CLARK K airfoil. 
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Figure 22. The pressure contours on the surfaces of the CLARK V airfoil. 
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Figure 23. The pressure contours on the surfaces of the CLARK W airfoil. 
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Figure 24. The pressure contours on the surfaces of the CLARK X airfoil. 
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Figure 25. The pressure contours on the surfaces of the CLARK Y airfoil. 
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Figure 26. The pressure contours on the surfaces of the CLARK YH 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  831 

 

 

α
 =

 0
 d

eg
re

es
 

 

α
 =

 1
5

 d
eg

re
es

 

 

α
 =

 -
1

5
 d

eg
re

es
 

 

Figure 27. The pressure contours on the surfaces of the CLARK YH- Mod airfoil. 
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Figure 28. The pressure contours on the surfaces of the CLARK YM-15 airfoil. 
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Figure 29. The pressure contours on the surfaces of the CLARK YM-18 airfoil. 
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Figure 30. The pressure contours on the surfaces of the CLARK YS airfoil. 
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Figure 31. The pressure contours on the surfaces of the CLARK Z airfoil. 
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Figure 32. The pressure contours on the surfaces of the CLARK-Y 11,7% smoothed airfoil. 
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Figure 33. The pressure contours on the surfaces of the CLARKY15 airfoil. 

 

α
 =

 0
 d

eg
re

es
 

 

α
 =

 1
5

 d
eg

re
es

 

 

α
 =

 -
1

5
 d

eg
re

es
 

 

Figure 34. The pressure contours on the surfaces of the CLARKY18 airfoil. 
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Figure 35. The pressure contours on the surfaces of the CLARK-Y2 airfoil. 
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Figure 36. The pressure contours on the surfaces of the CLARKYSimm airfoil. 
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Figure 37. The pressure contours on the surfaces of the Coanda 2 airfoil. 
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Figure 38. The pressure contours on the surfaces of the COANDA-1 airfoil. 
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Figure 39. The pressure contours on the surfaces of the COANDA-3 airfoil. 
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Figure 40. The pressure contours on the surfaces of the CONA airfoil. 
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Figure 41. The pressure contours on the surfaces of the CR 001 airfoil. 
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Figure 42. The pressure contours on the surfaces of the cr001sm airfoil. 
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Figure 43. The pressure contours on the surfaces of the CRD-1 airfoil. 
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Figure 44. The pressure contours on the surfaces of the CRD-2 airfoil. 
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Figure 45. The pressure contours on the surfaces of the CRD-3 airfoil. 
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Figure 46. The pressure contours on the surfaces of the CRD-4 airfoil. 
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Figure 47. The pressure contours on the surfaces of the cristal cb85_15_7 airfoil. 
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Figure 48. The pressure contours on the surfaces of the CSS airfoil. 
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Figure 49. The pressure contours on the surfaces of the Curtiss C 62 airfoil. 
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Figure 50. The pressure contours on the surfaces of the Curtiss C 72 airfoil. 
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Figure 51. The pressure contours on the surfaces of the CURTISS CR-1 airfoil. 

 

 

- CLARK K, CLARK V, CLARK W, CLARK 

X, CLARK Y, CLARK YH, CLARK YM-15, 

CLARK YM-18, CLARK YS, CLARK Z, CLARK-Y 

11,7% smoothed, CLARKY15, CLARKY18; 

- CURTISS CR-1. 

The shape of the cap 21 symmetrical airfoil 

ensures the occurrence of the same magnitude of 

negative pressures on the upper and lower surfaces at 

the angles of attack of 15 and -15 degrees, 

respectively. 

The maximum increase in pressure on the 

leading edge occurs at the angle of attack of 15 

degrees for the remaining airfoils. 

 

Conclusion 

The least drag force during horizontal flight of 

the airplane occurs in the airfoils having the leading 

edge radius of 0.91%. The greatest lift force acts at the 

maximum thickness of the airfoil of 5.6% at 20% of 

the chord. These requirements are met by the CJ 2 and 

CAST 10-2/DOA 2 airfoils. 
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