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10 Abstract: A numerical study of the flow over a NACA aerofoil is presented in this paper. The

11 numerical simulations are achieved with the computer code CFX and the computational domain is
12 created by the computer tool ANSYS ICEM CFD. The CFX code is based on the finite volume
13 method to solve the equations of mass, momentum and energy. The purpose of this paper is to
14 determine the pressure distribution, flow patterns and the forces acting on the airfoil. Effects of the
15 attack angle and Reynolds number on the velocity and pressure distribution, on the lift and drag
16 coefficients are also explored.
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19 1. Introduction

20 Up today, the energy demand knows an exponential increase in the daily human life. However,
21  the resources of energy fossil are very limited and the environmental pollution is becoming a serious
22 problem. Therefore, the renewable energy such as wind turbine is considered as an emergency
23  alternative resource.

24 The performance of wind turbines in terms of transformation of wind energy to electrical
25  energy is jugged as not good; so many studies have been achieved on the design parameters of wind
26  turbines, the so-called airfoil profile [1-3].

27 Troolin et al. [4] explored the efficiency of a new design: Gurney flap added with NACA 0015
28  airfoil. Their results showed no change in the drag coefficient and just an increase in the lift
29 coefficient. Siauw et al. [5] studied the transient dynamics of the flow around the NACA 0015 airfoil
30 by using fluid vortex generator. Sahin and Acir [6] studied the turbulent flow over a NACA 0015 for
31  different turbulence models.

32 Ismail and Vijayaraghavan [7] explored the effect of profile-modifications on a NACA-0015
33  aerofoil employed in vertical axis wind turbines. The modification added is a combination of inward
34  semi-circular dimple and Gurney flap at the lower surface of the NACA-0015 aerofoil. By
35  detached-eddy simulation, Wang and Fu [8] studied the flow over a NACA 0015 airfoil with pulsed
36 actuation at an incidence angle of 11°. Siauw and Bonnet [9] studied the transient phenomena
37  occurring during the impulsive control of flow separation over a NACAQ015 airfoil at an incidence
38  angle of 11° and a chord Reynolds number of 1 million.

39 The present paper is a numerical study of the subsonic and two-dimensional flow over a NACA
40  0015. We explore here the effect of Reynolds number and attack angle.

41
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43 2. Presentation of the Problem

44 The airfoil simulated is a NACA 0015. For this type of airfoils, the maximal width is located at
45 15% of the length of airfoil from the leading edge (Figure 1). The working fluid is air and the study is
46  two-dimensional. The boundary conditions are provided in Figure 1.
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48 Figure 1. NACA 0015 airfoil (boundary conditions)
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49 3. Numerical and Theoretical Details

50 For the air flow field, the steady-state, Newtonian and incompressible Reynolds-averaged
91  Navier-Stokes equations of mass, momentum and energy are solved. The k—¢ turbulence model is
52 used to model the turbulence effect. The pressure-based segregated SIMPLE (Semi-Implicit Method
53  for Pressure Linked Equations) algorithm is used for pressure-correlation equation calculation. Cao
94 et al. [10] have adopted this algorithm for the simulation of parachute aerodynamics. For spatial
55  discretization, the pressure term uses second order scheme, the momentum, energy and turbulence
56 terms use the second-order accurate QUICK scheme. We note that the QUICK scheme is based on a
57  weighted average of the second-order central and upwind interpolations of the discretized variable.
58  Further detail may be found elsewhere [11].

59 We define the dimensionless longitudinal and vertical coordinates as: X* = X/C, Y* = Y/C,
60  respectively. The dimensionless velocity is given by V*= V/Vi,, where Vin is the inlet velocity at the
61  computational domain. Reynolds number (Re) is defined as:

Re _VnC
62 H 1)
63  Where C is the airfoil cord length.
64 Airfoils have different sizes and shape. Therefore and in order to determine the performance

65  (the advantages and disadvantages) of these airfoils, non—-dimensional coefficients (lift and drag
66  coefficients) were taken into consideration. The non—dimensional coefficients for two dimensions
67  solution were given as below:

68 Lift coefficient:
2L
“Twic
69 PVin @)
70 Drag coefficient:
2D
“=vic
71 Pin 3)

72 where L and D are lift and drag force respectively, C. and Cp are lift and drag coefficient of airfoil
73 respectively, Vin is velocity of wind, p is density of air.

74  4.Results and Discussion

75  4.1. Pressure and velocity fields

76 The distribution of pressure and velocity fields are provided on Figure 2 for a Reynolds number
77  Re=1.48 x 105 For an attack angle a = 0°, the pressure fields are the same on both surfaces of the
78  airfoil. The high value of pressure acting on the wall airfoil is located at the attack edge. Then,
79  negative values of pressure gradients are observed along the surfaces of the airfoil, which mean the
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80  presence of detached boundary layer. The flow patterns are also identical on both sides of the NACA
81  airfoil, where the maximum velocity is observed near the leading edge. However, the minimum is
82  located near the trailing edge where trailing vortices may be generated for inclined NACA airfoils.

83

(a) Pressure field (b) Velocity field
Figure 2. Distribution of (a) pressure and (b) velocity on the NACA airfoil, at a« = 0°, Re =1.48 x 10°

84  4.2. Effect of Reynolds number

85 Three values of Re are chosen to explore the effect of Reynolds number, namely Re = 1.48 x 103,
86  1.86 x 10% and 2.79 x 10%. The velocity field is presented on Figure 3 for different Re. As observed, the
87  increase of Re yields an intensified movement of fluid particles, giving thus a reduction in the
88 thickness of boundary layer. This finding is in agreement with theoretical background: the width of
89  the boundary layer is defined as: 6 = (0.37 X)/(Re 0.2).

90 Figure 4 shows the variation of axial velocity along the vertical position at X/C=0.9 (i.e. near the

91  trailing edge). The velocity increases rapidly along the vertical position until the height X/C = 0.2
92  where this parameter remains almost constant.

93
Re=1.86 x 10° Re=2.79 x 10°
94 Figure 3. Velocity distribution for different Reynolds numbers, a = 0°
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96 Figure 4. Dimensionless velocity for different Reynolds numbers, at X/C=0.9, a = 0°
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Figure 5. Distribution of the lift coefficient on the surfaces of NACA 0015 airfoil, at a = 0°

Variations of lift coefficient are plotted on Figure 5 for both sides of the NACA airfoil. At the

attack angle a = 0° and for a symmetric airfoil, the lift coefficient follows the same profile on both
sides of the NACA. The maximum value is observed at the leading edge, followed by a strong
decrease until the axial position X/C = 0.15 (i.e. at the maximum width of the airfoil), then Ct
increases newly until the trailing edge. However, the lift coefficient is found to be independent of

Reynolds number for the range studied here (Figure 6).
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Figure 6. Variation of Cv for different Reynolds

numbers, a = 0°

Figure 7. Variation of Co for different Reynolds

numbers, a = 10°

Figure 7 presents the variation of drag coefficient for different Reynolds numbers. It is clear that
Cp reaches its maximum value at the leading edge (at the point of stagnation) and it decreases
continually along the airfoil surface. Also, the drag coefficient decreases with the rise of Reynolds
number.

4.3. Effect of attack angle

In this section of paper, we investigate the effect of attack angle («) on the lift and drag forces.
Therefore, four cases are explored, which are: o = 0°, 8°, 10° and 15°. Figures 8 and 9 present the
variation of lift coefficient and drag coefficient along the length of airfoil for different attack angles,
respectively. As shown on these Figures, the increase of attack angle until 15° yields an increase in
lift and drag coefficients.
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Figure 8. Distribution of Ci for different attack Figure 9. Distribution of Cp for different attack
angles, at Re=1.86 x 103 angles, at Re=1.86 x 10°

116 5. Conclusion

117 In this paper, lift and drag performances of NACA 0015 airfoil were performed. A CFX
118  program was employed to achieve numerical calculations. The pressure field and flow patterns are
119  found in good agreement as theoretical findings. The predicted results were given as follows:

120 e  The velocity is neglected at the leading edge, and then it increases continually until reaching the
121 magnitude of the uniform flow. These velocity gradients determine the height of boundary
122 layer.

123 e Dragand lift coefficients increased with increasing attack angle.

124 e The Reynolds number has no effect on the distribution of static pressure (i.e. on the lift
125 coefficient). However, the drag coefficient decreases with the rise of Re.
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