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Abstract: The results of the computer calculation of air flow around the airfoils having the names beginning 
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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 [1-26]. In this work, 

the airfoils having the names beginning with the letter 

K were adopted. Air flow around the airfoils was 

carried out at the 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 

K3311 (original) 11.0% at 30.0% of the chord 3.25% at 40.0% of the chord 0.8333% 0.0% 

K3311 (smoothed) 11.03% at 30.6% of the chord 3.23% at 41.6% of the chord 0.7625% 0.0% 

KC-135 BL124,32 12.98% at 40.0% of the chord 1.57% at 20.0% of the chord 0.9068% 0.0% 

KC-135 BL200,76 10.59% at 40.0% of the chord 1.66% at 20.0% of the chord 0.5394% 0.0% 

KC-135 BL351,6 8.99% at 40.0% of the chord 2.0% at 30.0% of the chord 0.3827% 0.0% 

KC-135 BL52,44 15.49% at 35.0% of the chord 1.58% at 20.0% of the chord 1.416% 0.0% 

KENNEDY AND MARSDEN 27.89% at 31.8% of the chord 7.67% at 34.7% of the chord 7.8079% 0.0% 

Kestrel 19 12.5% at 30.0% of the chord 5.38% at 50.0% of the chord 1.6287% 0.0% 

kir30k 9.75% at 28.1% of the chord 2.27% at 22.6% of the chord 1.1092% 0.0004% 

KOSTENKO 5.49% at 25.0% of the chord 6.04% at 40.0% of the chord 0.7229% 0.0% 

KOSTER66 6.75% at 25.0% of the chord 5.48% at 37.1% of the chord 0.2936% 0.84% 

KUPFER 4.3% at 25.0% of the chord 8.9% at 40.0% of the chord 1.5919% 0.3% 

 

Note: 

K3311 (original) (Leon Kincaid K3311 airfoil (original)); 

KC-135 BL124,32 (Boeing KC-135 transonic airfoils); 

KENNEDY AND MARSDEN (University of Alberta/Kennedy and Marsden high lift airfoil); 

Kestrel 19 (H. Stock (USA)); 

kir30k (By Matteo Galizia – Italy). 

 

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. 1-12. 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. 

12 airfoils of the KC, K and other series were 

studied in this work. All airfoils are asymmetrical. 

The original K3311 airfoil has the larger leading 

edge radius than the smoothed K3311 airfoil. Other 

geometric parameters of the two airfoils have an 

insignificant difference in the value. However, under 

conditions of the airplane descent, the wing with the 

smoothed airfoil experiences negative pressure on the 

leading edge that is twice as large as the wing with the 

original airfoil. 

The KC-135 BL351,6 has the smallest relative 

thickness and the largest camber of the considered 

airfoils of the KC series. Taking into account the small 

value of the leading edge radius, this contributes to the 

formation of negative pressure regions of the smaller 

value than that of the other airfoils of this series under 

conditions of the airplane descent. On the other hand, 

the large relative thickness and the leading edge 

radius, for example, the KC-135 BL52,44 airfoil, 

provide a decrease in negative pressure during the 

airplane climb. 

The KENNEDY AND MARSDEN airfoil has 

the largest relative thickness and the leading edge 

radius of all studied airfoils. The configuration of the 

airfoil during horizontal flight and climb of the 

airplane leads to the formation of negative pressures 

of almost the same value. In this case, negative 

pressure is formed on the upper surface of the airfoil 

that is 2 times greater than positive pressure that is 

created on the leading edge and the lower surface. 

The KOSTENKO and KUPFER airfoils have 

almost the same geometric shape in the cross section. 

They are characterized by the formation of large 

negative pressure at the angle of attack of 15 degrees 

and smaller negative pressure at the angle of attack of 

-15 degrees. 

Maximum negative pressure (-121 kPa) occurs 

on the KOSTENKO airfoil during the airplane climb. 

Minimum negative pressure (-9.54 kPa) occurs on the 

KOSTER66 airfoil during the airplane descent. 

The maximum increase in pressure on the 

leading edge occurs at the angle of attack of 15 

degrees for the following airfoils: K3311 (original), 

KC-135 BL200,76, KC-135 BL351,6, Kestrel 19, 

kir30k, KOSTENKO, KOSTER66 and KUPFER. The 

maximum increase in pressure on the leading edge 

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

other airfoils. 
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Figure 1. The pressure contours on the surfaces of the K3311 (original) airfoil. 
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Figure 2. The pressure contours on the surfaces of the K3311 (smoothed) airfoil. 
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Figure 3. The pressure contours on the surfaces of the KC-135 BL124,32 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  5 

 

 

α
 =

 0
 d

eg
re

es
 

 

α
 =

 1
5
 d

eg
re

es
 

 

α
 =

 -
1
5
 d

eg
re

es
 

 

Figure 4. The pressure contours on the surfaces of the KC-135 BL200,76 airfoil. 
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Figure 5. The pressure contours on the surfaces of the KC-135 BL351,6 airfoil. 
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Figure 6. The pressure contours on the surfaces of the KC-135 BL52,44 airfoil. 
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Figure 7. The pressure contours on the surfaces of the KENNEDY AND MARSDEN airfoil. 
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Figure 8. The pressure contours on the surfaces of the Kestrel 19 airfoil. 
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Figure 9. The pressure contours on the surfaces of the kir30k airfoil. 
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Figure 10. The pressure contours on the surfaces of the KOSTENKO airfoil. 
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Figure 11. The pressure contours on the surfaces of the KOSTER66 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  9 

 

 

α
 =

 0
 d

eg
re

es
 

 

α
 =

 1
5
 d

eg
re

es
 

 

α
 =

 -
1
5
 d

eg
re

es
 

 

Figure 12. The pressure contours on the surfaces of the KUPFER airfoil. 

 

Conclusion 

Thus, the thin airfoils with the camber lead to an 

increase in negative pressure on the leading edge 

during the airplane climb, and to a decrease in the 

pressure value during the airplane descent. The thick 

airfoils cause more drag and increase lift, as evidenced 

by the calculated pressure values indicated on the 

color scales. 
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