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Abstract—NACA 0015 is a symmetric airfoil which finds itself in many applications like wings of an airplane, in vanes of 
turbo machines and wind turbines. The vanes of turbomachines and blades of wind turbine are supplied with finite quantity 
of energy and hence require higher efficiency of the airfoil section. The standard NACA 0015 airfoil is analyzed using CFD. 
It is then optimized using a gurney flap at the trailing edge and analyzed using CFD and comparative conclusion is drawn. 
Analysis is carried out for -5°, 0°, 5°, 7°, 10° and 12° angles of attack. The analysis is carried out for a free stream velocity 
of 15 m/s. 
 
Index Terms— Pressure Distribution, Velocity Vector,Symmetric Airfoil (NACA 0015), Gurney Flap, Lift, Drag, Stalling 
Point. 
 
I. INTRODUCTION 
 
The NACA 0015airfoil is a symmetricairfoil which is 
15 per cent thick. This profile is very extensively used 
in aircrafts. As it is a symmetric airfoil, it also finds 
extensive applications in reaction turbines and wind 
turbines. The wind energy available in nature and the 
steam produced to operate a reaction turbine are of a 
finite quantity and hence the vanes and the blades 
have to be highly efficient. The functioning of the 
airfoil is based on the pressure difference between the 
upper and the lower surfaces. The useful energy is 
obtained from the lift force that is generated 
perpendicular to the direction of fluid flow and 
efficiency demands drag to be as less as possible. 
After the standard NACA 0015 is analysed using 
CFD, a gurney flap with a linear dimension of 1 per 
cent of the chord length is attached to the trailing edge 
at a right angle to the upper surface. 
The production of lift force depends on the pressure 
difference between the upper and lower surface of the 
airfoil. This in turn depends on the acceleration of the 
fluid over both the surfaces. The leading edge radius 
provides an accelerating path for the fluid over the 
upper surface at a positive angle of attack. This creates 
a suction pressure over the upper surface of the airfoil 
with a tendency to pull the airfoil upward. The lower 
surface has a relatively higher pressure thus creating a 
net upward force known as the lift force. The forces 
generated in the direction of the fluid flow are known 
as the drag force. The two main factors contributing to 
the drag force are skin drag over the airfoil surface 
and the trailing edge wake turbulence. Thus by adding 
a gurney flap to the trailing edge, a reduction of the 
trailing edge vortex may be achieved.  
 
II. DESIGN OF THE AIRFOIL 
 
An airfoil with unit chord length is considered for the 
CFD analysis. From the literature survey, it is seen  

 
that best results are obtained by using gurney flap 
having a length of 1 per cent the chord length. The 
gurney flap is mounted perpendicular to the upper 
surface at the trailing edge. A truncated trailing edge 
is used in this analysis. 
 
III. CFD SIMULATION 
 
Theairfoil section is meshed using the ICEM-CFD 
software. The airfoil geometry is imported as 
formatted point data and an airfoil profile with a cut 
trailing edge is used. The trailing edge points are 
closed to complete the curve and the blocking is done. 
An O-grid is used to capture the geometry of the 
airfoil and the exponential2 law is used as the pre-
mesh parameter. 
Once the mesh is complete, it is imported into 
ANSYS Fluent for solving. Since the analysis is 
carried out in the incompressible flow regime 
(M<0.3), the velocity boundary condition is used for 
the inlet boundary condition. Gauge pressure is input 
as zero. 
The K-epsilon turbulence model is used since the 
satisfactory boundary layer solutions can be obtained. 
The pressure profile and the velocity contour are 
mainly analyzed in this work. 
 

 
Fig 1: The circular far field around NACA 0015 airfoil 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 3, Issue-9, Sept.-2015 

Investigation Of Pressure Contours And Velocity Vectors Of Naca 0015in Comparison With Optimized Naca 0015 Using Gurney Flap 
 

13 

IV. CFD RESULTS 
 
The analysis is done for various logical angles of 
attack. The static pressure plots and the magnitude of 
velocity plots are considered for analysis. The two 
plots for the base airfoil and the optimised airfoil for a 
given angle of attack are shown together. 
 
A. Pressure and velocity contours of NACA 4412 and 

NACA 4412 with gurney flap at various angles of 
attack 
 

 
Fig 2: Pressure profile of NACA 0015at α=-5° 

 

 
Fig 3: velocity vector of NACA 0015 at α=-5° 

 

 
Fig 4: Pressure profile of NACA 0015 with gurney 

flap at α=-5° 

 
Fig 5: velocity vector of NACA 0015 with gurney flap 

at α=-5° 

 
Fig 6: Pressure profile of NACA 0015 at α=0° 

 
 

 
Fig 7: velocity vector of NACA 0015 at α=0° 

 

 
       Fig 8: Pressure profile of NACA 0015 with 

gurney flap at α=0°      
 

 
Fig 9: velocity vector of NACA 0015 with gurney flap 

at α=0° 
 

 
Fig 10: Pressure profile of NACA 0015 at α=5° 
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Fig 11: velocity vector of NACA 0015 at α=5° 

 

 
Fig 12: Pressure profile of NACA 0015 with gurney 

flap at α=5° 
 

 
Fig 13: velocity vector of NACA 0015 with gurney 

flap at α=5° 
 

Fig 14: Pressure profile of NACA 0015 at α=7° 
.

 
Fig 15: velocity vector of NACA 0015 at α=7° 

 
Fig 16: Pressure profile of NACA 0015 with gurney 

flap at α=7° 

 
Fig 17: velocity vector of NACA 0015 with gurney 

flap at α=7° 

 
Fig 18: Pressure profile of NACA 0015 at α=10° 

 

 
Fig 19: velocity vector of NACA 0015 at α=10° 

 

 
Fig 20: Pressure profile of NACA 0015 with gurney 

flap at α=10° 
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Fig 21: velocity vector of NACA 0015 with gurney 

flap at α=10° 
 

 
Fig 22: Pressure profile of NACA 0015 α=12° 

 

 
Fig 23: velocity vector of NACA 0015 α=12° 

 

 
Fig 24: Pressure profile of NACA 0015 with gurney 

flap at α=12° 
 

 
Fig25: velocity vector of NACA 0015 with gurney flap 

at α=12° 

CONCLUSION 
 
It is seen from the pressure contours that there is 
higher pressure in the far field around the airfoil in 
case of NACA 0015 compared to the optimized 
counterpart. The suction pressure created on the upper 
surface due to rapid flow acceleration is much higher 
in the optimized airfioil. It is also observed that the 
gurney flap helps in creating a small amount of 
positive pressure on the lower surface near the trailing 
edge thus adding to the driving pressure gradient. The 
decrease of pressure from the base airfoil to the 
optimized airfoil indicates the drag reduction as well 
thus greatly improving the performance of the airfoil. 
It can be seen from the pressure profiles 
corresponding to an angle of attack of 7° that the 
gurney flap will not allow the developed positive 
pressure over the lower surface to cross beyond the 
trailing edge. This means that the far field behind the 
trailing edge has almost the same pressure thus 
reducing the trailing edge turbulence wake. This drag 
reduction is vital for applications where the power 
input is low and the performance is solely dependent 
on the design parameters. 
In the above velocity contours, it can be seen that the 
acceleration is huge. The green colour indicates 
medium velocity of the flow and lesser compared to 
yellow colour. In case of NACA 0015 it can be seen 
that the flow decelerates rapidly till the end of the 
trailing edge of the lower surface therefore, there is a 
very large wake formation. In case of the optimised 
airfoil, it is observed that the wake formation is much 
smaller compared to the basic airfoil therefore 
helping in drag reduction and improvement in 
performance.  
It can be concluded that optimising NACA 0015 by 
adding a gurney flap to its trailing edge improves its 
performance by drag reduction for higher angles of 
attack and increasing the pressure gradient for lower 
angles of attack. The use of these wing sections in a 
wind turbine greatly improves it efficiency compared 
to the basic wing section, thus increasing the 
generation of the electricity. 

 
ACKNOWLEDGMENT 
 
We would like to thank the Management, Director, 
Dean, Principal, Vice Principal, Head of Department 
and Project Coordinator for providing a platform to 
furnish this document. 
We express our gratitude to Mr. B.S Anil Kumar, 
Department of Mechanical Engineering for his 
valuable inputs and constant encouragement all 
through the work.We would like to convey our sincere 
gratitude to all the other faculty members and staff of 
the Department of Mechanical Engineering for their 
effort and guidance at appropriate times which made 
my work possible. We would like to whole heartedly 
thank Mr.Rudreshfrom NICE engineering services for 
his constant support for the CFD. We would also like 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 3, Issue-9, Sept.-2015 

Investigation Of Pressure Contours And Velocity Vectors Of Naca 0015in Comparison With Optimized Naca 0015 Using Gurney Flap 
 

16 

to express our indebtness to our parents and all others 
directly or indirectly supported us during the 
document related work. 

 
REFERENCES 

 
[1] Abhay Sharma, Manpreeth Singh Sarwara, Harsimranjeeth 

Singh, LakshyaSwarup and Rajeev Kamal Sharma. CFD and 
real time analysis of symmetrical airfoils. International 
journal of research in aeronautical and mechanical 
engineering. V2, i7, july 2014. 

[2] Ravi H.C, Madhukeshwara.N, S.Kumarappa. Numerical 
investigation of flow transition for NACA 4412 airfoil using 
computational fluid dynamics. International journal of 
innovative research in science engineering and technology, 
Vol 2, issue 7, july 2007. 

[3] Ira Herbert Abbott and Albert E. Von Doenhoff.  “Theory of 
wing sections”.  

[4] Karna.S.Patel, Soumil.B.Patel, Utsav.B.Patel, 
Prof.Ankit.P.Ahuja. “CFD analysis of an airfoil”. 
International journal of engineering and research, vol 3, issue 
3 march 14.  

[5] Shangxian Shi, T.H New and YingzhengZiu. “On the flow 
behaviour of vortex trapping cavity NACA0020 airfoil at 
ultra-low Reynolds number”. 17th international symposium 

on application of laser technology on fluid mechanics Lisbon, 
Portugal. 07-10 july 2014. 

[6] Michealamitay, Douglas R Smith, ValdisKibens, David E. 
Parekh and Ali Glezer. “Aerodynamic flow control over 
unconventional airfoil using synthetic jet actuators”. AIAA 
journal. V39, no1, march 2001. 

[7] Ravikumar.T, Dr.S.B.Prakash. “Aerodynamic analysis of 
supercritical NACA SC (2)-0714 airfoil using CFD”. 
International journal of advanced technology in engineering 
and science, vol 2, issue 7, july 14. 

[8] Ishan M. Shah, S.A. Thakkar, K.H Takkar, Bhavesh A. Patel. 
“Performance analysis on airfoil model in wind tunnel testing 
machine (WTTM)”. International journal of engineering 
research and applications. Vol 3, issue 4, july 2013. 

[9] K.L Powell, K. Parker, J. Soria. “Flow Visualization of force 
flow control over inclined airfoils”. 15th Australian fluid 
mechanics conference. Dec 2004. 

[10] GauravSaxena, MahendraAgarwal. “Aerodynamic analysis of 
NACA 4412 airfoil using CFD”. International journal of 
emerging trends in engineering and development. Issue 3, vol 
4, july 2013. 

[11] Narayan U Rathod. “Aerodynamic analysis of a symmetric 
airfoil”. International journal of engineering development 
and research. Vol 2, issue 4, 2014.  

[12] Dan M. Sommers, James L. Tangler. “Wind-Tunnel Tests of 
TwoAirfoils for Wind Turbines Operating at High Reynolds 
Numbers.” National Renewable Energy Laboratory. June 
2000. 

 
 
 
 
 

 


