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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 [1-31]. In this work,

the airfoils having the names beginning with the letter
O were adopted. Air flow around the airfoils was
carried out at angles of attack («) 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 Leadm_g edge Tral_llng edge

radius thickness

OAF095 9.48% at 23.2% of the chord 3.79% at 53.1% of the chord 1.1073% 0.5153%

OAF102 10.17% at 28.7% of the chord 3.63% at 53.1% of the chord 0.9518% 1.0018%

OAF117 11.47% at 23.2% of the chord 2.03% at 46.9% of the chord 1.6813% 0.9973%

OAF128 12.79% at 23.2% of the chord 0.99% at 43.7% of the chord 2.2047% 1.0653%

OAF139 13.67% at 23.2% of the chord 0.03% at 0.1% of the chord 2.1665% 0.9757%
ONERA NACA CAMBRE 11.52% at 31.0% of the chord 1.38% at 15.7% of the chord 1.3411% 0.24%
ONERA OA206 6.01% at 31.8% of the chord 0.84% at 19.6% of the chord 0.4632% 0.3348%

ONERA OA209 9.01% at 29.3% of the chord 1.56% at 17.1% of the chord 1.154% 0.5023%
ONERA 0A212 12.01% at 31.8% of the chord 2.29% at 31.8% of the chord 2.0675% 0.67%

ONERA OA213 12.57% at 32.5% of the chord 3.32% at 25.0% of the chord 1.2962% 0.4216%
ONERA/Aerospatiale OAF095 9.48% at 23.2% of the chord 3.79% at 53.1% of the chord 1.1063% 0.515%
ONERA/Aerospatiale OAF102 10.17% at 28.7% of the chord 3.63% at 53.1% of the chord 0.9514% 1.002%
ONERA/Aerospatiale OAF117 11.47% at 23.2% of the chord 2.03% at 46.9% of the chord 1.6805% 0.997%
ONERA/Aerospatiale OAF128 12.79% at 23.2% of the chord 0.99% at 43.7% of the chord 2.2024% 1.065%
ONERA/Aerospatiale OAF139 13.67% at 23.2% of the chord 0.03% at 0.1% of the chord 2.1638% 0.976%

Ornithopter airfoil, 15.08% at 35.0% of the chord 5.04% at 50.9% of the chord 1.1514% 0.0%

Note:
ONERA/Aerospatiale  OAF095,
ONERA/Aerospatiale OAF139 (Fenestron airfoil).

ONERA/Aerospatiale OAF102,

ONERA/Aerospatiale OAF117,

ONERA/Aerospatiale OAF128,

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

OAF095

ONERA OA206

ONERA 0A212

ONERA/Aerospatiale OAF095

ONERA/Aerospatiale OAF117

ONERA/Aerospatiale OAF139

il

OAF128

ONERA NACA CAMBRE

ONERA 0A209

ONERA OA213

ONERA/Aerospatiale OAF102

ONERA/Aerospatiale OAF128

Ornithopter airfoil,
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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. 1-16. 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.

16 airfoils of the airplane wings of OAF and
ONERA types were considered. All the studied
airfoils were asymmetrical, since they had some
camber at different chord lengths. The geometries of
the OAF095, OAF102, OAF117, OAF128 and
OAF139 airfoils are similar to the geometries of the
ONERA/Acerospatiale OAF095, e
ONERA/Aerospatiale OAF139 airfoils, respectively,
except for the values of the leading edge radius and
the trailing edge thickness, which vary in the ranges
0.001-0.0027% and 0.0002-0.0003%, respectively.

Let us compare the aerodynamic characteristics
of the airfoils of the airplane wings by type based on
the given calculated pressure values.

Airfoils of the OAF type have almost the same
ratio of positive and negative pressures on the leading
edge, upper and lower surfaces at zero angle of attack.
A slight increase in negative pressure is observed on
the surfaces of the OAF139 airfoil. During the climb,
the highest ratio of positive and negative pressures

(approximately 10 times) was determined for the
OAF102 airfoil on the lower and upper surfaces from
the leading edge, respectively. This leads to an
increase in the drag of the airfoil when the airplane
moves in the airspace. For the OAF139 airfoil, the
climb in the air is more favorable, since the negative
pressure near the leading edge is halved compared to
the OAF102 airfoil. During the airplane descent, the
minimum and maximum values of negative pressure
near the leading edge are similarly determined for the
OAF095 and OAF128 airfoils, respectively.

Since airfoils of the ONERA/Aerospatiale type
had the slightly smaller leading edge radius, with a
positive angle of attack, the negative pressure value
increased, and with a negative angle of attack, the
negative pressure value for the most airfoils
decreased.

Analyzing the airfoils of the ONERA OA type,
it was determined that the ONERA OA206 and
ONERA OAZ209 airfoils are subjected to the greatest
drag during horizontal flight and climb of the airplane,
respectively. The ONERA OA213 airfoil is subjected
to minimal drag under the considered flight conditions
of the airplane. Minimum and maximum pressures
occur in magnitude on the leading edge of the ONERA
OA206 and ONERA OAZ212 airfoils at a negative
angle of attack, respectively.
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Figure 1. The pressure contours on the surfaces of the OAF095 airfoil.
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Figure 2. The pressure contours on the surfaces of the OAF102 airfoil.
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Figure 3. The pressure contours on the surfaces of the OAF117 airfoil.
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Figure 4. The pressure contours on the surfaces of the OAF128 airfoil.
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Figure 5. The pressure contours on the surfaces of the OAF139 airfoil.
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Figure 6. The pressure contours on the surfaces of the ONERA NACA CAMBRE airfoil.
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Figure 7. The pressure contours on the surfaces of the ONERA OA206 airfoil.
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Figure 8. The pressure contours on the surfaces of the ONERA OA209 airfoil.
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Figure 9. The pressure contours on the surfaces of the ONERA OA212 airfoil.
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Figure 11. The pressure contours on the surfaces of the ONERA/Aerospatiale OAF095 airfoil.
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Figure 12. The pressure contours on the surfaces of the ONERA/Aerospatiale OAF102 airfoil.
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Figure 13. The pressure contours on the surfaces of the ONERA/Aerospatiale OAF117 airfoil.
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Figure 14. The pressure contours on the surfaces of the ONERA/Aerospatiale OAF128 airfoil.
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Figure 15. The pressure contours on the surfaces of the ONERA/Aerospatiale OAF139 airfoil.
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Figure 16. The pressure contours on the surfaces of the Ornithopter airfoil.

During the climb maneuver with the ONERA
NACA CAMBRE airfoil, negative pressure is
distributed over a larger area of the leading edge than
during the descent maneuver. However, the maximum
value of negative pressure is noted when the airplane
descent.

The Ornithopter is subjected to the greatest drag
in the leading edge area at a negative angle of attack
of all the considered airfoils.

Conclusion

Based on the analysis of the results of computer
calculation of the movement of airfoils in the airspace,
the following conclusions can be drawn:
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