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Abstract— This paper numerically investigated the evolution of 

the aerodynamic performance parameters and flow field of two-

dimensional airfoils called NACA 63-018 at different Reynolds 

numbers 3×10
6
, 6×10

6
 and 9×10

6
 with different angle of attack 

ranging from 0
0 

  to 16
0
. The airfoil was modeled by using 

CATIA V5 and the analysis was carried out by using CFD 

technique ANSYS FLUENT 14.5. The results were compared 

with published data of CL and CD for the airfoil. The error lies 

within 5-10 % as compared with the published values of lift, 

while the corresponding error for drag values is lying between 8-

30%. The pressure and velocities are plotted in form of contours, 

The results show that the lift coefficient and drag coefficient are 

the function of angle of attack both are increasing with 

increasing angle of attack whereas the drag coefficient 

decreasing with increasing Reynolds number with cruising lift. 

The maximum lift coefficient occurred at 12
0
 for Reynolds 

number Re=3×10
6
 and 14

0,
 16

0
 for Reynolds number 6×10

6
 and 

9×10
6
. 
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I. INTRODUCTION 

The rapid evolution of computational fluid dynamics 

(CFD) has been driven by the need for faster and more 
accurate methods for the calculations of flow fields around 

configurations of technical interest. In the past decade, CFD 

was the method of choice in the design of many aerospace, 

automotive and industrial components and processes in which 

fluid or gas flows play a major role. In the fluid dynamics, 

there are many commercial CFD packages available for 

modeling flow in or around objects. The computer simulations 

show features and details that are difficult, expensive or 

impossible to measure or visualize experimentally. This 

Studies involving investigation of aerodynamic performance 

of NACA airfoil were carried out using computational 
approach to examine the associated flow field developments 

and the resulting aerodynamic forces at different Reynolds 

number. The numerical studies were conducted using a 

commercially available computational fluid dynamics package 

to simulate flow around the airfoils. The airfoil selected for 

this exploration was a NACA 63018 a 18% thick airfoil. The 

NACA 63018 airfoil is using for large wind turbine blades and 
unmanned Arial vehicles (UAV) 

[1]. 

 

An airfoil is defined as the cross section of a body that is 

placed in an airstream in order to produce a useful 

aerodynamic force in the most efficient manner possible. The 

cross sections of wings, propeller blades, wind mill blades, 

compressor and turbine blades in a jet engine, and hydrofoils 

are example airfoils 
[2]. The basic geometry of an airfoil is 

shown in Figure 1. [3] 

 

 
 

Fig.1 Geometry of an airfoil [3] 

 

The basic geometry of an airfoil is shown in Fig.1. 

The most important features of airfoil geometry are the chord, 

camber, Thickness, Mean camber line, Leading edge and 

Trailing edge. The most frontward and rear ward points are 

called Leading edge and trailing edge. The straight line 

connecting the leading and trailing edges is the chord line, the 

distance measured between the trailing and leading edge along 
the chord line is the chord of an airfoil. The line of points that 

are halfway between the upper and lower surfaces is the mean 

camber line as measured perpendicularly from the chord line. 

The thickness of an airfoil is the distance from the upper and 

lower surfaces as measured perpendicularly to the chord line, 

and varies in distance along the chord line. Camber is the 

maximum distance that occurs between the mean camber line 

and the chord line 
[3]. 

 

 The fig .2 shows the definition of Lift and Drag on an 

airfoil. 

             
Fig.2 Definition of Lift and Drag [4] 

 

The force a flowing fluid exerts on a body in the flow 

direction is called drag force FD. 

          FD =CD (1/2) ρ V
2
A  (1) 
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The forces in the direction normal to the flow tend to move 

body in that direction is called Lift force FL.   

          FL =CL (1/2) ρ V
2
A  (2) 

 
Where, ρ is the density of the fluid in kg/m3, V is the 

velocity of the fluid in m/sec, A is ordinarily the frontal area 
(the area projected on a plane normal to the direction of flow) 

of the body, CD and CL are the drag coefficient and lift 

coefficient.  

II. CONSTRUCTING THE DOMAIN AND MESHING 

The coordinates describing the airfoil were obtained from 

the UIUC 
[5] airfoil database (UIUC, 2007) which described 

the airfoil by 50 points. The airfoil coordinates were then 

imported into the computer aided drafting (CAD) program 

CATIA V5. The coordinates were input as a spline and were 
broken at the trailing edge of the airfoil. This allowed a sharp 

trailing edge to be created and the leading edge was set as a 

continuous part of the spline as shown in fig.3.  

 

       
         Fig.3 Geometry of airfoil created in CATIA V5 

 

After the raw airfoil coordinates had been imported 

into the CAD program, it was then exported as a Para solid 

model with extension .stp. The Para solid was then imported 

into the meshing program ANSYS fluent 14.5. Here the flow 

field was meshed appropriately. 

 

It was necessary some structured sub divisions of 
analysis domain to generate the mesh.The domain was 

discritized by a structured grid of quadrilaterals as shown in 

fig.4 .The finite elements mesh had 135000 nodes and 135900 

elements. Different geometry had been constructed for 

simulation for angle of attack 00 to 160 as shown in fig.5. 

 

  
   Fig.4 Completed meshes 

  

                                      
AOA 00              AOA 80  

                                                     
AOA 20             AOA 100  

                                      
  AOA 40            AOA 120 

                                        
             AOA 60          AOA 140 

      
                       AOA 160 

    Fig.5 Angle of attack from 00 to 160 

 

The flow inlet velocities were taken as 45 m/sec,90 

and 130 m/sec in order to match the required Reynolds 

number Re=3×106 ,6×106 and 9×106.The density and 

kinematic viscosity taken as the standard atmospheric 

condition 1.225 kg/m3 and 1.7894e-05 kg/m-s. For all the 

simulation density based Navier stock (DBNS) with Spalart-

Almaras  one equation model was used. 

III. RESULT AND DISCUSSION 

1. Lift and drag coefficients 

A numerical investigation of NACA 63018 for various 

angles of attack at different Reynolds number were done  and 

then validate the result  with existing experimental data from 

reliable sources[6]. To do so, the model was solved with a 

range of different angles of attack from 00 to 160 at different 

Reynolds number Re=3×106, 6×106 and 9×106. 

 

From the tables 1,2 and 3 and fig 6 it observed that the lift 

coefficient is increasing with increasing Reynolds number at 

each angle of attack. At Reynolds number 3×106 the 

maximum lift coefficient was 1.26559 at angle of attack 
120.And for Reynolds number Re= 6×106 and 9×106 are 

1.4296948, 1.51903 at angle of attack 140 and 160 as shown. 

Maximum lift coefficient is dependent upon Reynolds number. 

This makes sense, because maximum lift coefficient is 

governed by viscous effects [3], and Reynolds number is a 

similarity parameter that governs the strength of inertia forces 

relative to viscous forces in the flow. 

 

It also observed that the drag coefficient increasing with 

increasing lift coefficient it also a function of angle of attack 

as shown in the fig.7 .There was small variation in drag 
coefficient at angle of attack  00-60 at higher angle of attack 

transition to turbulent flow occurs over the airfoil surface 

causing sharp increase in drag coefficient as shown. From the 

fig.7 it could be observed the drag coefficient is decreasing 

with increasing Reynolds number. This is because of the drag 

on any aerodynamic body is composed of pressure drag and 

skin friction drag [3] .The basic source of aerodynamic force on 
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a body are the pressure and shear stress distribution exerted on 

the body surface .The division of total drag on to its 

components of pressure and skin friction drag is frequently 

useful in analyzing aerodynamic phenomena. The NACA 

63018 air foil is a stream lined body .The most of the drag of 

the stream lined body is due to skin friction. Skin friction 

coefficient is a function of Reynolds number. It is inversely 

proportional to the Reynolds number so, drag coefficient 

decreases as Reynolds number increases. 

 

 

        Table: 1. Comparison of CFD data with NACA’s published data for NACA 63018 airfoil at Re=3×106 

 

 
                         

                       Table: 2. Comparison of CFD data with NACA’s published data for NACA 63018 airfoil at Re=6×106 

 

 
 

 
 

 

 

http://www.ijettjournal.org/


International Journal of Engineering Trends and Technology (IJETT) – Volume 12 Number 5 - Jun  2014 

 ISSN: 2231-5381                    http://www.ijettjournal.org                              Page 261 
 

 

Table: 3. Comparison of CFD data with NACA’s published data for NACA 63018 airfoil at Re=9×106 

 

 
        

 
Fig.6  Lift vs Angle of attack for NACA 63018 at 

Reynolds number Re=3×106, 6×106 and 9×106. 
 

      
  Fig.7 Drag vs Lift coefficient for NACA 63018 at    

Reynolds number Re=3×106, 6×106 and 9×106. 

 

 

 

2. Velocity and pressure distribution 

 

From the contours, we see that there is a region of low 

velocity and   high pressure at the leading edge (stagnation 

point) and region of low pressure and high velocity on the 
upper surface of airfoil. From Bernoulli equation, we know 

that whenever there is high velocity, we have low pressure 

and vice versa [4]. Figure.8 and 9  shows the simulation 

outcomes of Velocity and static pressure at angles of attack 0° 

to 16°  at different Reynolds Re=3×106, 6×106 and 9×106 with 

Spalart-Aallmaras model. The pressure on the lower surface 

of the airfoil was greater than that of the incoming flow 

stream and as a result it effectively “pushed” the airfoil 

upward, normal to the incoming flow stream. 

 

form the figure.9 at angle of attack 0 the maximum 

pressure and minimum velocity occurs at the leading edge of 
the airfoil (Stagnation point) and pressure and the velocity at 

the lower and the upper part of the airfoil is equal .So, there is 

no lift generation at angle of attack 00.The stagnation point at 

the leading edge of the airfoil moves on the lower part of the 

airfoil with increasing angle of attack, Where the pressure is 

maximum and the velocity is minimum. When increasing the 

angle of attack the pressure at the lower surface is increases 

and velocity decreases. 
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       Re= 3×106 AOA 00        Re= 6×106 AOA 00                Re= 9×106 AOA 00 

            
       Re= 3×106 AOA 20      Re= 6×106 AOA 20         Re= 9×106 AOA 20 

            
Re= 3×106 AOA 40       Re= 6×106 AOA 40          Re= 9×106 AOA 40 

            
Re= 3×106 AOA 60      Re= 6×106 AOA 60         Re= 9×106 AOA 60 

           
        Re= 3×106 AOA 80      Re= 6×106 AOA 80         Re= 9×106 AOA 80 

              
      Re= 3×106 AOA 100                      Re= 6×106 AOA 100               Re= 9×106 AOA 100 

                
Re= 3×106 AOA 120  Re= 6×106 AOA 120        Re= 9×106 AOA 120 
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  .  

Re=3×106 AOA 140              Re= 6×106 AOA 140                                     Re= 9×106 AOA 140  

             
Re= 3×106 AOA 160  Re= 6×106 AOA 160            Re= 9×106 AOA 160 

Fig.8  Velocity contours at angle of attack 00 to 160 at different Reynolds number Re=3×106, 6×106 and 9×106. 

               
       Re= 3×106 AOA 00        Re= 6×106 AOA 00                Re= 9×106 AOA 00   

              
      Re= 3×106 AOA 20        Re= 6×106 AOA 20                Re= 9×106 AOA 20   

                    
Re= 3×106 AOA 40        Re= 6×106 AOA 40                Re= 9×106 AOA 40        

                  
Re= 3×106 AOA 60         Re= 6×106 AOA 60                Re= 9×106 AOA 60  

                    
         Re= 3×106 AOA 80         Re= 6×106 AOA 80                Re= 9×106 AOA 80 
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Re= 3×106 AOA 100        Re= 6×106 AOA 100                Re= 9×106 AOA 100 

                 
Re= 3×106 AOA 120        Re= 6×106 AOA 120                Re= 9×106 AOA 120   

                     
Re= 3×106 AOA 140    Re= 6×106 AOA 140                Re= 9×106 AOA 140 

                         
Re= 3×106 AOA 160    Re= 6×106 AOA 160                Re= 9×106 AOA 160 

 

Fig.9 Static Pressure contours at angle of attack 00 to 160 at different Reynolds number Re=3×106, 6×106 and 

9×106 

 

IV. CONCLUSION 

This CFD analysis concluded that the lift 

coefficient and Drag coefficient are the function of 

angle of attack. The lift coefficient is increase with 

increasing angle of attack up to maximum lift 
coefficient reach and the drag coefficient increases 

with increasing angle of attack. The drag 

coefficient decreases with increasing Reynolds 

number with cruising lift. The maximum lift 

coefficient occurring at angle of attack 12˚ for 

Reynolds number Re=3×106, and at angle of attack 

14˚ and 16˚ for Reynolds number Re=6×106 and 

9×106. The error lies within 5-10 % as compared 

with the published values of lift, while the 

corresponding error for drag values is lying 

between 8-30%.From the contours of the CFD 
analysis of NACA 63018 airfoil conclude that at 0˚ 

pressure of upper surface indicate negative pressure. 

When increase the angle of attack we can 

understand the decrease the pressure on upper 

surface and increase on lower surface also became  

 

the maximum at 12˚ for Reynolds number 

Re=3×106, and at angle of attack 14˚ and 16˚ for 

Reynolds number Re=6×106 and 9×106. 
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