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ABSTRACT

The aerodynamic performance of an aircraft directly affects the operating cost
of the aircraft. The aerodynamic performance can be defined as the Cl1/Cd
ratio. To decrease operating costs Cl/Cd ratio must be increased. The main
factor affecting the Cl1/Cd ratio is the airfoil. Hence in this study, focused on
a morphing airfoil during the flight to obtain maximum Cl/Cd ratio at various
angle of attack values. 2D CFD analysis is used in this study based on
NACAG63-215 airfoil and a new NACA63-215_1 airfoil which is modified
NACA63-215. In analyses, Cl/Cd ratio and flow separation were investigated
as the performance parameters. At the end of the study, it was seen that the
NACA63-215 airfoil should be used between 110-170 angle of attack, NACA63-
215_1 should be used between 00-109, 180-230 angle of attack, to obtain
maximum performance.

Keywords: Morphing Airfoil, flow separation, lift coefficient, drag coefficient

1. INTRODUCTION

A wing is a surface used to move through the air medium to generate an
aerodynamic force normal to the direction of travel (Figure 1). Blades are
systems with different profile structures used to generate lift force. Expressed
as the ratio of lift coefficients (Cl) and drag coefficients (Cd), aerodynamic
performance (AP) can be 60 or more in some gliders. This means that a small
thrust force will be sufficient to obtain the lift force [1].
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Figure 1. Aerodynamic forces

The performance of an aircraft wing is often impaired by the stall. The reason
for the loss of flow on the wing profile surface is associated with the shapes of
the wing profile. When the literature is examined, it is observed that there are
many different studies about the AP of airfoils [2, 3, 4, 5,6, 7, 8, 9, 10, 11,12,
13, and 14].

Standard wings are designed to provide maximum performance in a limited
range of angles of attack (AoA). In the literature, it is seen that the
performances of the standard profiles rapidly decrease outside of this range.
It has been determined that different wing profiles are needed to improve this
range at various AoA during the flight. At the end of the literature review, the
use of variable airfoil during the flight was not encountered. For this reason,
in the study, the use of a different wing profile was developed by changing the
airfoil during flight. It was investigated to increase the AP of NACA63-215 at
various angle of attack values.

2. METHOD OF ANALYSIS

In the performance of an airplane wing; Runway distance, approach speed,
climb speed, load capacity, and operating range are known to have a
significant effect. At the same time, it is known that an effective conveying
system to be used causes a significant decrease in noise and emission levels
as it reduces the thrust requirements. [15]

__Fp

CD %pVQA (1)
_ _FL

CL lp‘UZA (2)

where Fp: Drag force, Fr: Lift force, v: Velocity, p: Density, and A: Effective
area.
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The Spalart-Allmaras turbulence model (equation 3-9) was used in CFD
analysis of the 2D flow on the wing profiles. It is known that the Spalart-
Allmaras turbulence model is an equation model specially designed for
aerospace applications. [16]

2
6 ~ 9 ~ 1|6 ~\ 0D (Y%
g<pv>+6—n<pvui>=Gv+a—§[5—xj{(u+pv)6—;’j}+cbzp(5—;) ]—Yv+sﬁ 8

e = pUfin (4)
G, = Cp1pSV (5)
§$=S+—=fp (6)
s= /20,0, (7)
o, =3(2-22) (8)
Yy = Cunofin ()’ )

Here, Cl value, Cd value, and flow separation (FS) of NACA63-215 and
NACA63-215_1 (in Figure 2) are investigated. Analysis parameters are taken
as steady-state, Spalart-Allmaras model, 1m/s inlet velocity (in order to
comparison), 1m chord length.

Figure 2. NACA63-215 and Improved Airfoil Profile

Analyses were performed using the FEA program ANSYS. The mesh model
designed for the whole system is shown in Figure 3 with 30272 node numbers
and 29920 element numbers. The detailed mesh model of NACA63-215 and
improved airfoil is shown in Figure 4.
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Figure 3. Complete mesh

Al

a) NACA63-215 b) NACA63-215_1
Figure 4. Enlarged view of NACA63-215 and improved NACA63-215_1 mesh

3. ANALYSIS

A comparison of the Cl results of Xfoil and ANSYS at 5° AoA value and 50000
Reynolds numbers are given in Figure 5. And the comparison of the Cd results
of Xfoil and ANSYS at 59 AoA value and 50000 Reynolds numbers are given in

Figure 6 [17].
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Figure 5. The Cl values according to Xfoil and ANSYS [17]
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Figure 6. The Cd according to Xfoil and ANSYS [17]

After a comparison of Xfoil and Ansys results, the AP of the NACA63-215 and
improved NACA63-215 airfoil (Figure 7) were compared. The AP of these 2-
airfoils was compared at various AoA (between 0° and 239) values. CD, Cl, and
FS were used as performance parameters. Analyses were performed at 7,0388
x10% Reynolds numbers.

Cl of NACA63-215 and NACA63-215_1 at the various angle of attack was given
in Figure 7. Also, Cd of NACA63-215 and NACA63-215_1 at the various angle
of attack was given in Figure 8.

When Figure 7 was investigated, it was seen that the maximum Cl was
obtained at 170 angles of attack for original NACA63-215 and the minimum
Cl was obtained at 0° angle of attack for original NACA63-215. Also, the
maximum Cl was obtained at 219 angle of attack for NACA63-215_1 and the
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minimum Cl was obtained at 0° angle of attack for NACA63-215_1. So,

comparisons of the results were given at these 3 angles of attack values.
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Figure 7. Cl at various AoA

The NACA63-215 airfoil should be used between 110-17° angle of attack,
NACA63-215_1 should be used between 00-10°, 1809-230 angle of attack, to

obtain maximum lift.
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Figure 8. Cd at various AoA

There is no significant difference in terms of drag values between NACA63-

215 and NACA63-215_1 at all angles of attack as shown in Figure 8.
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Figure 9. Cl/Cd at various AoA

Cl/Cd ratio was given according to the angle of attack in Figure 9. The
NACA63-215_1 should be used all AoA to obtain maximum aerodynamic
efficiency.

The pressure of NACA63-215 and NACA63-215_1 at 09 AoA values were given
in Figures 10 and 11 respectively. The velocity of NACA63-215 and NACA63-
215_1 at 09 AoA values were given in Figures 12 and 13 respectively.

S

Figure 10. Pressure Figure 11. Pressure
of NACA63-215 of NACA63-215_1
at 00 AoA at 00 AoA
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Figure 12. Velocity
of NACA63-215

at 00 AoA

Figure 13. Velocity
of NACA63-215_1
at 09 AoA
The pressure of NACA63-215 and NACA63-215_1 at 179 AoA values were given

in Figures 14 and 15 respectively. The velocity of NACA63-215 and NACA63-
215_1 at 179 AoA values were given in Figures 16 and 17 respectively.

Figure 14. Pressure
of NACA63-215
at 170 AoA

Figure 15. Pressure
of NACA63-215_1
at 179 AoA

Figure 16. Velocity
of NACA63-215
at 179 AoA

Figure 17. Velocity
of NACA63-215_1

at 179 AoA

The pressure of NACA63-215 and NACA63-215_1 at 219 AoA values were given

in Figures 18 and 19 respectively. The velocity of NACA63-215 and NACA63-
215_1 at 219 AoA values were given in Figures 20 and 21 respectively.
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Figure 18. Pressure Figure 19. Pressure
of NACA63-215 of NACA63-215_1
at 210 AoA at 210 AoA

o

Figure 20. Velocity Figure 21. Velocity
of NACA63-215 of NACA63-215_1
at 219 AoA at 219 AoA

The velocity vector of NACA63-215 and NACA63-215_1 00 AoA values was

given in Figures 22 and 23 respectively.
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Figure 22, Velocity vector of NACA63-215 at 00 AoA
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Figure 23. Velocity vector of NACA63-215_1 at 0° AoA

When Figures 22 and 23 were investigated it was seen that there was no FS
at 00 AoA.

The velocity vector of NACA63-215 and NACA63-215_1 at 170 AoA values were
given in Figures 24 and 25 respectively.
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When Figures 24 and 25 were investigated it was seen that FS started at the
nearly middle of the airfoil for NACA63-215 but FS started at the nearly back
of the airfoil for NACA63-215_1 at 179 AoA.

The velocity vector of NACA63-215 and NACA63-215_1 at 210 AoA values were
given in Figures 26 and 27 respectively.
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Figure 26. Velocity vector of NACA3- 15 at 210 AocA
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'Figlire 27. Velocity Véctél: of{NACA63—215_1 at 219 AoA

When Figures 26 and 27 were investigated it was seen that FS started at the

front of the airfoil for NACA63-215 but FS started at the middle of the airfoil
for NACA63-215_1 at 219 AoA.

Turbulent viscosity of NACA63-215 and NACA63-215_1 at 170 AoA values
were given in Figures 28 and 29 respectively.

" cmm—

Figure 28. Turbulent viscosity of NACA63-215 at 179 AoA

34



<EP UN, v
;}v\\ ‘\%u; The International Journal of Energy & Engineering Sciences, 2021, 6 (2) 23-37 ENERGY &
" ’ ) ISSN: 2602-294X - Gaziantep University ENGINEERING
SCIENCES

Figure 29. Turbulent viscosity of NACA63-215_1 at 179 AoA

After investigation of the analysis results, it was seen that the NACA63-215
airfoil should be used between 110-170 angle of attack, NACA63-215_1 should
be used between 0°-100, 189-230 angle of attack, to obtain maximum lift. So,
different airfoils must be used during the flight to obtain the maximum lift as
seen in figure 30.

Pre-flight Taxi Take-off Climb Cruise
NACA
NACA :g%:}‘)

63-215_1

NACA NACA = >
63-215_1 63-215_1

== ety

Figure 30. Usage of wing profile according to flight stages

4. RESULTS AND DISCUSSIONS

In this study, an improved airfoil was used to increase the AP of NACA63-215
at various angle of attack values. The AP of these 2-airfoils was compared in
terms of the various angles of attack (between 0° and 230) values. Cd, Cl, and
FS were used as performance parameters.

After the analysis, the comparison of the results was given below:
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e Maximum Cl was obtained:
o Between 119 and 179 AoA for original NACA63-215
o Between 00 and 109, 18% and 23° AoA for NACA63-215_1
e There was no FS for three airfoils at 0° AoA.
e At 179 AoA, FS started:
o at the middle of the airfoil for NACA63-215
o at the back of the airfoil for NACA63-215_1
e Maximum AP was obtained on NACA63-215_1 nearly all AoA.
e Finally, the analysis results showed that it must be used different
airfoils during the flight to obtain maximum lift.
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