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Abstract

A NACA 0015 airfoil has been designed and fabrideas per NACA specification. The performance of diesigned
airfoil has been evaluated using CFD software &edsame has been verified by studying its behaviowa lab scale
wind tunnel. The effect of angle of attack on ttiefbrce, flow velocity profile, pressure profildow separation and
wake formation has been studied. The airfoil hanltested at®05° 1¢° and 18 angle of attack and it has been found
that lift force, velocity and pressure differenagveeen upper and lower surfaces increases witreafgttack. Extent
of flow separation and intensity of wake formataiso increases with increase in angle of attack.

Keywords: Symmetric airfoil; real time analysis; CFD ana$ysingle of attack.

1. Introduction

In the recent past computational fluid dynamics fkRas become popular among the researchers,falilg the
requirement for faster and accurate methods fatigtiag the various flow field parameters around geometries of
interest. CFD has found applications in the fiefdaerospace, automobiles, Marine and industriatgsses and
components where fluid flow place s a major rolassessing the performance. Flow over the georsataie not only
be visualised but certain flow parameters whichdifficult, impossible or expensive to measure expentally can
be approximated correctly by using suitable CFDkpges.

Study of variation of various hydrodynamic parametever an airfoil has been an area of researchofay time.
Before the inception of CFD the variations of hydroamic parameters during the flow over an ainficals estimated
by conducting experiments over airfoil in wind tets During the flow over an airfoil, the flow ssliand passes over
the upper and lower surfaces of the airfoil. Thapghof airfoil is such that the flow stretches other upper surface
resulting in decrease of pressure. On the othed lttae flow over the lower portion of the airfoil res with same
speed and pressure resulting in an upward fordedchIFT. As the flow progresses over the airfoiéxperiences the
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drag force, in the direction of flow. The lift farexperience by an airfoil is smaller in comparismthe weight of the
airfoil in low Reynolds numbers. With the increaseReynolds number the lift force also increases] when lift
force is greater than the gravitational force thio@ starts moving in upward direction. As a Reytls number of the
flow increases the drag force over the airfoil alstreases. Karna et. al. (2014) studied the fift drag forces on
NACA 0012 airfoil at zero degree angle of attacing<CFD package. The flow was subsonic and it wesenoved that
for such airfoil the lift force was zero at zeragdee angle of attack. Variations of static andasiyit pressure over
NACA 4412 airfoil has been studied byParbhakar 2013) using CFD analysis at different angles olckt
Maximum dynamic pressure was found to occur at ugpgface near and around maximum camber and mmimu
static pressure was found to occur at and arounddme location. It was also concluded that vhi¢himcrease in the
angle of attack the stagnation point moves awasnfleading edge on the lower surface of the airfdiany other
researchers have tried to model the flow arountbihiwith different geometries using various CFDcgages
[Shankara MHM. et al (2013), Mevadiya M (2013)litthe CFD outcomes has not been validated withtiea
analysis.

This paper presents a real time and CFD analysigpadson for NACA 0015 airfoil. NACA 0015 has bedesigned
using NACA generator. Real time analysis has begried out in 600x270mm wind tunnel. CFD analysas been
done using Fluent 13.0. CFD analysis shows gooelesgent with real time analysis.

Leading Edge

Figure 1 Basic nomenclature of Airfoil.

2. Airfoil Nomenclature

The basic terms of airfoil are leading edge, choeanber, Angle of attack, trailing edge. In symigetrairfoil chord
and camber lies on each other because of symmeskape. Angle of attack is the angle betweenrtbening air
and relative wind and a reference line on the aimplor wing. Figure 1 shows the basic nomenclatfiagrfoil.
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3. Wind tunnel Experimental Setup

Figure 2 shows the wind tunnel (600mmx270mm) seusgd for real time flow analysis which has twotidi
sections (i) transparent constant cross sectiofider visualization and (ii) a divergent outlet. shiction fan has been
installed at the end of divergent outlet and a looemb mesh at the flow entry has been used toedserthe
turbulence in the air flow. The real time flow aysis has been carried out at a Reynolds number8*3xAngle of
attack has been varied from 0° tc 1th an increment of 5°. Ambient conditions aregsure equal to 1 atmosphere
and temperature equal to ambient temperature. NBCY airfoil profile has been used for real tir@aflanalysis.

Figure 2 Wind tunnel set up line diagram

4. CFD Analysis
4.1 Modelling of NACA 0015 airfoil.

Figure 3 this shows the NACA 0015 airfoil profileash been generated using NACA Generator
[http://airfoiltools.com/airfoil/naca4didit CATIA V6 (R2013x) has been used for reproduciig model of airfoil as
shown in figure 4 below. The dimensions of theddlidire shown in table 1.
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Figure 3 NACA 0015 airfoil
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Figure 4 CATIA designed Airfoil

Table 1 Dimensions of NACA 0015 airfoil

S.No. Parameters Dimensions

1. Chord Length 182mm
2. Span of Airfoil 110mm
3. Thickness 15%
4. Leading Edge Radius 4.2%
5. Lower Flatness 37.4%
6. Trailing Edge Angle 20.5°
7. Camber 0%

Figure 5 Generated mesh in Gambit
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Table 2 Input parameters

S.No. Parameters Readings

1. Pressure(atm) latm

2. Temperature (Kelvin) 300K

3. Velocity (m/sec) 2m/sec

4. Density (kg/m) 1.2335kg/m

5. Iterations. 1000.

6. Residual 0.001

7. Boundary conditions No slip
4.2 Mesh Generation.

Quadrilateral mesh has been created using Ganzb&®as shown in figure 5.
4.3 Flow analysis
Fluent 13.0 has been used as a solver for thigpknt problem. The input parameters have been showable 2.

The generated Mesh file with boundary conditionssied in Fluent for further analysis.

5. Results and discussions
5.1 Angle of attack =0°

Figure 6 shows the air flow over NACA 0015 airfall AOA = 0 °. The Flow and its visualisation canibgproved
further by increasing the density of the mesh. F&gi(a) represents the Velocity Profile and figue) represents the
pressure profile over the NACA 0015 airfoil at AGAC". It can be observed that the velocity and prespuofiles
are symmetric about the camber line when AOA=®ame can be confirmed from the real time flowuatbthe airfoil
(figure 6) as the white smoke used for analysitowing along the surfaces of the airfoil. No segtaon of flow has
been observed at the trailing edge of the airfoil.

Fig 6 Real time and CFD generated air flow over NAG 0015 airfoil at AOA=0°
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Figure 7(a) Velocity profile over NACA 0015 at AOAD° Figure 7(b) Pressure profile over NACA 0015 at
AOA=0°

5.2 Angle of attack = 5°

Figure 8 shows the air flow over NACA 0015 airfail AOA = 5°. Figure 9(a) represents the Velocitpfife and
figure 9(b) represents the pressure profile overNIACA 0015 airfoil at AOA =8 The velocity at the upper surface
of the airfoil is greater than the velocity at fh@wer surface of the airfoil, whereas the presatitbe lower surface of
the airfoil is greater than the pressure at theeumurface of the airfoil. Due to this differenae pressure airfoil
experiences a lift force in the upper directiorveky wake formation can be observed at the traitidge of the airfoil.

5.3 Angle of attack =10°

Figure 10 shows the air flow over NACA 0015 airfatl AOA = 10°. Figure 11(a) represents the VeloBitgfile and
figure 11(b) represents the pressure profile ollerNACA 0015 airfoil at AOA=1% A larger difference in velocity
and pressure between upper and lower surfaceseofitifoil can be observed in figure 11(a) and fegurl(b)
respectively. The velocity at the trailing edgelad airfoil is minimum and this may be becausehefftow separation
at the trailing edge which leads to the wake foiomast the trailing edge of the airfoil. Same candbbserved from the
real time diagram in figure 10.
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Figure 8 real time and CFD generated air flow oveNACA 0015 airfoil at AOA= 5°
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Figure 9(a) Velocity Profile over NACA 0015 at AOA=5°
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Fig 10 real time and CFD generated air flow over N&A 0015 airfoil at AOA= 10°
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Figure 9(b) Pressure Profile over NACA 001&t

Wakes formationsame as in CFD results
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Figure 11(a) Velocity Profile over NACA 0015 at AOA10° Figure 11(b) Pressure Profile over NACA 001&t
AOA= 10°

5.4 Angle of attack 15°

Separation of gas from the
surface of aerofoil

Figure 12 Real time and CFD generated air flow oveNACA 0015 airfoil at AOA= 15°

Abhay Sharma, Manpreet Singh Sarwara, Harsimea§jimgh, Lakshya Swarup, Rajeev Kamal Sharma



Vol.2 Issue.7,
July 2014.

Pgs: 84-93

3

Figure 13(a) Velocity Profile over NACA 0015 at AOA15° Figure 11(b) Pressure Profile over NACA 0014t
AOA= 15°

Figure 12 shows the air flow over NACA 0015 airfail AOA = 15°. Figure 13(a) represents the VeloEitgfile and
figure 13(b) represents the pressure profile ollerNACA 0015 airfoil at AOA = 15 It can be observed that the
velocity is highest at a point on upper surfacéhefairfoil close to its leading edge and at thmeespoint the pressure
is minimum. This increase the lift further but dmetsame side the drag force also increases asattitalfarea of the
airfoil increases. The separation of flow can ddsmbserved at the upper surface of the airfdigire 12.

6. Conclusion

The behaviour of the NACA 0015 airfoil at differesmmgles of attack has been studied using CFD amdame has
been confirmed by the real time flow analysis ia #xperimental wind tunnel. Flow has been foundeapart(flow

separation) from the upper surface with the in@dasangle of attack. Due to the flow separatiaegion of wake

formation is observed at the trailing edge anditkensity of wake increases with the increasesyieaof attack. The
lift force will also increase as the pressure ddfece between the upper and lower surface incresigiesncrease in
angle of attack.
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