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Summary 
This experiment examined the relationship between pressure distribution and angle of attack 

for a NACA 2415 aerofoil, with the aim of comparing it to NACA data and experimentally 

understand the effects of implementing a leading-edge slat. It was determined that the lift 

coefficient increases linearly with the angle of attack for any given Reynolds. However, as 

the Reynolds number increases, the maximum achievable lift coefficient also increases 

resulting in a delayed stall angle. Additionally, deploying a slat on the leading-edge of the 

aerofoil dramatically increases the maximum lift coefficient and further delays the stall angle. 
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Introduction 
On 17 December 1903 bicycle mechanics, the Wright brothers, piloted the first aeroplane along a 60-

foot launch rail. The Wright Flyer was a wood and canvas aeroplane powered by a 12 horse-power 

petrol engine, connected to two large propellers with, bicycle chains. The machine lifted into the air, 

rising suddenly to 10 feet, then flew erratically for 12 seconds, landing 120 feet from the starting 

point. This milestone marked the beginning of humankind's quest to advance flight performance, a 

journey that led, 66 years later, to Neil Armstrong’s first step on the moon [1]. 

Much of the progress involved in flight performance has centred around aerofoils, a specially 

designed structure that interacts with airflow to create lift, making them a fundamental aspect of 

wings and an important concept in aerodynamics, as described by Arthur Baret [2]. 

An aerofoil is an asymmetric component with a curved upper surface and a flatter lower surface 

composed of a leading edge and a trailing edge. Lift on an aerofoil is generated by pressure difference 

between its upper and lower surfaces. The theory is explained from Bernoulli’s principle, which states 

that faster airflow results in lower local pressure. 

Equation 1, Bernoulli’s equation for an incompressible, inviscid flow 
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The local static pressure at any point on the aerofoil can be represented non-dimensionally in terms of 

the coefficient of pressure, Cp: 

Equation 2, the coefficient of pressure represented non-dimensionally 
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The angle of attack of an aerofoil, defined as the angle between the oncoming airflow and the 

aerofoil’s chord line, also affects lift. However, at higher angles of attack, boundary layer separation 

can occur causing a loss of lift and potentially resulting in stall. 

The lift force is quantified by a non-dimensional coefficient of lift, Cl: 

Equation 3, the lift coefficient represented non-dimensionally 
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Where the wing area for a two-dimensional aerofoil is represented by  

Equation 4, wing area for a two-dimensional aerofoil 

𝑆 = 𝑐 × 1.0 

where c is the aerofoil chord. 

  



Lift coefficients can be plotted against various angles of attack to gain an understanding in the lift 

generated by an aerofoil depending on its inclination. 

 

Figure 1 (from handout [3]): A plot of lift coefficient against a range of angles of attack 

 

The Reynolds number provides insight into the relationship between inertial and viscous forces in the 

fluid. It helps determine how these forces interact, influencing pressure distribution along the aerofoil 

surface. 

Equation 5, the Reynolds number is a non-dimensional quantity that represents the relationship between inertial and 
viscous forces. 

𝑅𝑒 =  
𝜌 𝑢 𝐿

𝜇
 

Higher Reynolds numbers indicate a greater influence of inertial forces, which can improve boundary 

layer attachment to the aerofoil surface, thus enhancing lift. 

  



 

Experimental Apparatus and Procedure 
In this experiment, the NACA 2415 aerofoil was tested in a wind tunnel. The NACA 2415 aerofoil has 

a 2% camber and a 10% thickness where the maximum camber is located at 40% of the chord and the 

maximum thickness at 15% of the chord. 

 

Figure 2: Visualisation of the NACA 2415 aerofoil showing its chord length, camber location, leading-edge and trailing 
edge. 

 

The wind tunnel, operating at a flow speed of approximately 20 m/s, uses a honeycomb structure to 

straighten and stabilise the flow entering the test section. The NACA 2415 aerofoil was placed in the 

test section of the wind tunnel and equipped with 33 pressure taps along its surface. 

 

Figure 3: Image showing the 33 pressure taps on the aerofoil that are connected to a pressure transducer. The 
transducer outputs signals to the Scanivalve program, enabling measurements of the pressure distribution over the 

aerofoil. 

 

These pressure taps were connected to a pressure transducer that converts pressure measurements into 

electrical signals. The pressure transducer was calibrated before the start of the experiment. 



 

Figure 4: The pressure transducer connected to the 33 pressure taps on the aerofoil. 

 

The transducer was linked to a computer system that collected this data. The data was then processed 

by the Scanivalve program that performed trapezoidal integration to measure values of Cl and Cp for 

different angles of attack ranging from -10 to 20˚ in steps of 1˚ using a manual dial. Further values of 

Cl and Cp were recorded for the aerofoil fitted with a leading-edge slat at a 15˚ angle of attack. 

 

Figure 5: The Scanivalve programme receiving data from the pressure transducer. This program performed trapezoidal 
integration to interpolate the pressure distribution over the aerofoil from the 33 pressure taps. 

  



 

Results 
 

 

Table 1: Comparison of lift coefficients against angles of attack ranging from -10 to 20˚in 1˚increments for the 
experimental data and published NACA data. The NACA data includes angles of attack from -10˚to 24˚for the 

Reynolds numbers of 3 x 106 and 9 x 106, as well as from -18˚to 24˚for a Reynolds number of 6 x 106. 



 

Figure 6: Plot of lift coefficients against angles of attack comparing the experimental data collected during the lab 
with the NACA data. The gradient of the linear section from the experimental data was 6.26. Comparing this gradient 

with the theoretical gradient of 2 pi per radians, the percentage error was found to be 0.40%. 



 

Figure 7: Comparison of lift coefficient versus angle of attack with and without a leading-edge slat. The leading-edge 
slat data was recorded for angles of attack ranging from 10˚to 20˚ in increments of 1˚. 

 



 

Table 2: Pressure coefficients recorded for angles of attack at 0, 2, 8 and 15˚ which are used to sketch the pressure 
distribution over the NACA 2415 in figure 8. 



 

Figure 8: Visualisation of the pressure distribution over the aerofoil for angles of attack ranging from 2, 8 and 15˚. The 
third sketch illustrates two pressure distributions at 15˚: one without a leading-edge slat and one with a leading-edge 

slat. 



Experimental uncertainty is an inherent consideration in any laboratory setting. In this experiment, 

several sources of uncertainty were identified: 

1. Angle of Attack Adjustment: The angle of attack was increased from -10 to 20˚ in 1˚ 

increments using a dial. This manual method introduces a parallax error. Replacing the dial 

with an electronic or digital system would eliminate this error. 

2. Leading-Edge Slat Placement: The leading-edge slat was hand-held, which introduced 

potential human error in its alignment and stability. Using a mechanical fastener would ensure 

a more reliable placement of this high lift device. 

3. Pressure Transducer Calibration: Although the transducer was calibrated at the beginning of 

the experiment it is still susceptible to systematic errors. However, it is worth noting that a 

systematic error, in this case, might be preferable to individual errors for each of the 33 

pressure taps. 

4. Data Integration with Scanivalve: The Scanivalve program performs trapezoidal integration to 

calculate the pressure distribution across the aerofoil from the 33 pressure taps. This method 

assumes linear change between each of the pressure taps. Increasing the number of pressure 

taps would reduce this uncertainty and provide a finer resolution of the pressure distribution. 

5. Wind Tunnel Fan Heating: Extended operation of the wind tunnel fan can lead to overheating, 

causing inefficiencies in the test section airflow speed. Implementing a cooling system for the 

fan would mitigate the overheating. 

 

 

 

Discussion 
 

According to John D. Anderson [4], aerodynamic lift is derived from the net vertical component of the 

pressure distribution. From figure 8, we can see how the pressure distribution over an aerofoil changes 

for attack angles of 2, 8 and 15 degrees. Notably, the net vertical component of pressure grows as the 

angle of attack increases. This increase in lift is generated by a pressure difference, when the pressure 

on the bottom layer is high and conversely, the pressure on the upper surface is low. 

As John D. Anderson further explains [5], frictional forces acting on a fluid imply that an 

infinitesimally thin layer of air molecules adjacent to the body sticks to the surface, resulting in zero 

velocity relative to the surface. As the distance from the surface increases a velocity gradient can be 

observed where the velocity increases from zero to 99% of the mainstream velocity. This thin region 

of increasing velocity is known as the boundary layer. At low angles of attack, the boundary layer 

typically separates at the trailing edge leading to minimal effects on the overall lift generated. 

However, at greater angles of attack, the boundary layer separates closer to the leading edge of the 

aerofoil resulting in significant lift loss. 



 

Figure 9 (from John D. Anderson [6]): Visualisation of the principle of flow separation for a viscous fluid over an 
aerofoil and a cylinder, caused by an adverse pressure gradient region on the surfaces. 

This phenomenon is clearly illustrated in figures 6 and 7, where the lift coefficient increases with the 

angle of attack until it reaches a maximum value, known as the stall point. Beyond this point, the 

boundary layer separates from the surface leading to a dramatic loss of lift as can be seen from figure 

6 when the graph drops sharply. Interestingly, figure 6 highlights that while the linear region of the lift 

curve remains constant regardless of the Reynolds number, the maximum lift increases with a higher 

Reynolds number, delaying the stall angle. This is due to the fluid having a larger ratio of inertial to 

viscous forces, allowing the flow to stick more to the aerofoil surface and delaying flow separation.  

When the flow separates from the surface, the pressure distribution is dramatically changed over the 

surface resulting in a large increase in drag and a loss of lift. Figure 10 introduces how boundary layer 

separation increases. 

 

Figure 10 (from the handout [7]): Illustrates how adverse pressure gradients and frictional forces contribute to flow 
separation in the boundary layer. 

In a region of adverse pressure gradient, the fluid elements will slow down as they progress along the 

surface. These fluid elements, already subject to frictional forces from the boundary layer, come to a 



stop somewhere along the surface when their momentum is equal to the forces opposing the fluid 

elements. 

To mitigate flow separation and delay stall, high-lift devices can be employed. During the aerofoil 

laboratory, a slat was applied on the leading-edge of the aerofoil. As John D. Anderson explains [8], a 

leading-edge slat allows a secondary flow to take place over the top surface of the aerofoil. This 

secondary flow injects high momentum fluid into the boundary layer, modifying the pressure 

distribution over the aerofoil. Figure 8 demonstrates how this pressure distribution over the top 

surface of the aerofoil is altered. The introduction of a secondary flow mitigates the effect of the 

adverse pressure gradient which allows for the flow separation over the top surface to be delayed. 

Therefore, a leading-edge slat increases the stall angle and hence yields a higher maximum lift 

coefficient, as can be witnessed from figure 7. 

 

 

Figure 11 (from the handout [9]): Demonstrates how a leading-edge slat injects high-momentum fluid into the 
boundary layer, helping to delay flow separation. 

 

Conclusion 
In this aerofoil experiment, the pressure distribution over a NACA 2415 aerofoil for a range of angles 

of attack was measured and pressure bubbles were drawn to visualise the pressure variation. Lift 

coefficients for a range of angles of attack were recorded and compared with published NACA data. 

The effect of a leading-edge slat on the lift coefficient was analysed experimentally, demonstrating its 

ability to enhance lift and delay stall. In conclusion, this study applied fundamental fluid dynamic 

principles such as boundary layers, pressure coefficients and lift coefficients to gain a deeper 

understanding of aerofoil performance. 
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