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Abstract 

The mean flow profiles over and behind NACA 0012 airfoil were studied at different AOA. The nature of 

velocity profile indicated the flow separation at around 15º AOA and was accompanied by increased drag. 

This was found by momentum equation applied on the respective velocity profiles. 

 

Keywords: Airfoil, Drag, AOA.  

 

Introduction  

The study was carried out in a 150 mm×150 mm test section of a closed loop wind tunnel with the 

available free stream velocity of 10.22 m/s. The closed environment inside the test section facilitates 

experiment to be carried out without any outer disturbances.  

The measurement system of the wind tunnel test-section provides for the measurement of pressure and 

velocity at different positions both on the upper surface and at downstream of the airfoil. The 

measurements were done for different positive AOAs which helped in finding the flow characteristics for 

different AOAs on the NACA 0012 airfoil.           

As the AOA was increased, the adverse pressure gradient along the rear part of the upper surface was 

intensified until at a particular value of AOA when the boundary layer was separated from the upper 

surface and a turbulent wake was formed [1]. At fairly small angle of attack the position of separation was 

found quite close to the trailing edge of the airfoil. As the AOA increased further, the position of 

separation moved forward towards the leading edge. The wake became wider and stronger and was 

marked by increased drag. All these flow phenomena around the airfoil for different AOA were verified 

by measurements, simulation and flow visualization. The drag coefficients obtained in the present 

investigation were compared with previous findings [2]. The validated results comprehend the usefulness 

and applicability of the related theories through practical applications.  

 

The Wind Tunnel  

In the present study experiment was carried out in the 150mm×150mm test section of a closed loop wind 
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tunnel as shown in Figure 1. The test section in Figure 2 was made of 5mm Plexy glass sheet to have a 

clear view of pitot tube position and test samples. 

The wind tunnel was powered by a 300 mm diameter axial flow fan running at 2900 rpm. The closed loop 

wind tunnel provides steady uniform flow during the experiment. The test section was preceded by an 

inlet section and a flow straightener with wire screen. Flow from the contraction cone passes through the 

flow straightener which broke down any eddies generated in the fan. The flow then passed through the 

inlet section where flow development took place before entry to the test section. The test section was 

followed by a discharge section which prevented any back pressure effect to the test section. Thus in the 

existing arrangement of the wind tunnel a steady uniform flow was ensured during carrying out of the 

experiment. 

 

Figure 1: Closed loop wind tunnel 

 

 

Figure 2: Test-section 

 

The Measurement System  

For the measurement of mean flow velocity at the upstream and downstream locations two pitot tubes 

with traversing mechanism were installed on the top surface of the test section. Arrangements were made 

such that the second pitot tube could be placed in two downstream locations. In order to record the 

simultaneous measurement of velocity across the wake formed behind the body a pitot rake as shown in 

Figure 3, was placed behind the airfoil. The pitot rake was made by inserting fourteen hyper dermic tubes 

at 10 mm interval in a 10mm×25mm Plexy glass bar of 150mm length. 
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Figure 3: Pitot Rake 

A variable angle inclined tube manometer was used for recording the data from pitot tubes and multi-tube 

manometer was used for recording data from pitot rake. 

 

Experimentations   

Before inserting the NACA 0012 airfoil in the flow field the upstream and downstream velocity profiles 

were recorded and were found to be symmetrical about the duct centreline and coalesce each other 

indicating fully developed flow zone as shown in Figure 4.  

 

 

Figure 4: Upstream and Downstream velocity profile 

 

After confirming the congenial condition of the flow field the NACA 0012 airfoil was placed in the test 

section in the following orientation as shown in Table 1. 

 



International Journal of Advanced Engineering and Science, Vol. 7, No.1, 2018                                    

 

 

ISSN 2304-7712 

20

Table 1: Orientation of NACA 0012 airfoil 

Observatio

n No. 

Orientation Descriptio

n 

 

1 
 

NACA 

0012 

airfoil at 0º 

AOA 

 

2 
 

NACA 0012 

airfoil at 5º 

AOA 

 

3 
 

NACA 

0012 

airfoil at 

10º AOA 

 

4 
 

NACA 

0012 

airfoil at 

15º AOA 

 

5 
 

NACA 

0012 

airfoil at 

20º AOA 

 

Result and Discussion    

The velocity profiles in Figure 5 for above the airfoil at 20% chord length downstream from the leading 

edge and at increasing AOA revealed the progressive influence of the wake formed on the upper surface. 

At 0º AOA the profile showed influence of surface friction near the upper surface but as AOA increased 

further decrease in velocity was characterised by the presence of wake in that zone. This phenomenon 

was confirmed by visualizing the curling of threads attached on the upper surface of the airfoil. The effect 

of wake formed on the upper surface of the airfoil spread further away in the flow field above it. This was 

clearly indicated by the decreased mean flow in that zone extending upto the top surface of the test 

section. 
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Figure 5: Variation of upper surface velocity of NACA 0012 at different AOA 

 

Velocity profiles behind the airfoil obtained from the pitot rake as shown in Figure 6 indicated increased 

velocity in the lower zone and decreased velocity in its upper zone. The increased flow in lower zone was 

due to the contraction effect and decreased velocity in the upper zone was due to the expansion of the 

flow area. This was due to the tunnel effect which would not hapen in free flow cases. In the zone both 

above and below and close to the airfoil velocities were decreased forming pairs of vallies. This was due 

to the vortex pair formed in that zone. 

 

Figure 6: Variation of downstream velocity of NACA 0012 at different AOA 

 

From CFD simulaion in ANSYS it was seen that at low AOAs as shown in Figure 7, there was a 
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streamline flow without separation resulting in minimum drag while at high AOA as shown in Figure 8, 

the flow separation occured from the upper surface of the airfoil as indicated by dark-blue shade. Thus, 

velocity drastically reduced at the upper surface and in some places of top surface, velocity becomes zero. 

If AOA further increased, a reverse flow occured which refered to the negetive velocity opposite to 

uniform flow direction.  

 

 

Figure 7: Velocity contour at low AOA 

 

 

Figure 8: Velocity contour at high AOA 

 

For visual observation, fine threads were attached on the upper surface of the airfoil. For 0º AOA as 

shown in Figure 9, the threads were found to follow the smooth streamline path with least fluttering 

indicating no separation. The threads were found to oscillate more and more with the increase of AOA as 

shown in Figure 10 and at certain AOA the threads were found to curled back indicating flow separation 

and ultimately reverse flow and marked by the stalling angle of the airfoil. 
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Figure 9: Flow over NACA 0012 airfoil at AOA = 0º (straight forward flow) 

 

 

Figure 10: Flow over NACA 0012 airfoil at AOA = 20º (reverse flow) 
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