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Apparatus and Instrumentation: 

A barometer was used to obtain the atmospheric pressure reading of the room in millimetres of 
mercury and a thermometer was used to obtain the room temperature in degrees Celsius. 

An open return wind tunnel with a working section that had a height of 0.77m, length of 2.3m 
and width of 1m was used. A Betz projection manometer was connected by plastic tubing to 
the upstream and downstream sections of the wind tunnel.  

A Piercy aerofoil with a chord length of 0.254m and symmetrical profile was placed vertically 
on a turntable inside the wind tunnel so that the chord aligned with the length of the wind 
tunnel. The aerofoils angle of incidence was adjustable by rotating the turntable. 30 pressure 
tapings were fitted along the mid-span of the aerofoil with 2 at each position, one on the upper 
surface (even numbered) and one on the lower surface (odd numbered) except for the leading 
and trailing edges which each had one, tapings 1 and 30 respectively. These tapings were 
connected to an inclined, multi-tube manometer which gave readings in inches of methylated 
spirit. Tapings 1 to 30 were connected to the aerofoil and tapping 33 was connected to the 
upstream section whilst taping 34 was connected to the downstream section both in the same 
position within the wind tunnel as the tubes connected to the Betz manometer for their 
respective positions. 

Sample Calculations: 

Dynamic pressure - 

(𝑃 − 𝑃) = 𝜌ுమை × 𝑔 × (∆𝐻௧௭ × 10ିଷ) 

(𝑃 − 𝑃) = 1000 × 9.807 × (30 × 10ିଷ) = 294.210𝑃𝑎 

Freestream velocity –  

𝑉ஶ = ඨ
2𝐾(𝑃 − 𝑃)

𝜌
       𝑉ஶ = ඨ

2 × 1.03 × (294.210)

1.207
= 22.411𝑚𝑠ିଵ 

Reynolds number –  

𝑅𝑒 =
ఘೌೝ×ಮ×

ఓೌೝ
    𝑅𝑒 =

ଵ.ଶ×ଶସ.ଶଵଵ×.ଶହସ

ଵ.଼ଵଷ×ଵషఱ
= 378909.308 

Pressure coefficient calculation for taping 12 at x/C = 0.30 (upper surface) for the 3° 
inclination test [1] -  

𝐶
=

ଵ


×

ିಳ

ಲିಳ
    𝐶

=
ଵ

ଵ.ଷ
×

.ଷଶି.ଶଽ଼

.ଶସଵି.ଶଽ଼
= −0.379 

This confirms that the even numbered tapings were connected to the upper surface since the 
inclinations tested in the experiment were positive angles of attack meaning the upper surface 
became the suction surface at angles greater than 0 which should have resulted in negative 
values similar to the one obtained in this sample calculation. If the value for the even tapings 
were positive, they would have been on the lower or pressure surface. 

Experimental results, difference in pressure Between the lower & upper surfaces at x/C = 0.30 
for the 3° inclination test –  

∆𝐶 = 𝐶ಽ
− 𝐶ೆ

  ∆𝐶 = 0.013 − (−0.379) = 0.3919 
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Theoretical results, difference in pressure between the lower & upper surfaces at x/C = 0.30 
for the 3° (0.0524Rad) inclination test [1] – 

The inclinations (α) were converted to radians before being substituted into this equation 

 

∆𝐶 = 4𝛼 × ඨ
ଵିቀ

ೣ


ቁ

ቀ
ೣ


ቁ

  ∆𝐶 = 4 × 0.0524 × ට
ଵି(.ଷ)

(.ଷ)
= 0.320 

Lift Coefficient Perpendicular to the Chord for the experimental results at a 3° inclination[2]–  

𝐶′ = න ∆𝐶 𝑑 ቀ
𝑥

𝐶
ቁ

ଵ



  

Approximation using the trapezium rule –  

𝐶
ᇱ =

ℎ

2
൫∆𝐶భ

+ 2(∆𝐶మ
+ ∆𝐶య

+ ∆𝐶ర
+ ⋯ + ∆𝐶భబ

൯ + ∆𝐶భభ
) 

Where ∆𝐶
is the 𝑛௧ ∆𝐶 value with 15 in total, one for each x/C value. 

𝐶
ᇱ =

0.05

2
(0.00 + (1.1756 + 0.8273 + 0.6069 + ⋯ + 0.1742) + 0.2177) = 0.282 

The trapezium rule was used twice, once between x/C = 0 & 0.05 with steps (h) of 0.05 with 
a second integral between x/C = 0.5 & 1 with steps (h) of 0.1.  

Lift Coefficient Perpendicular to the Direction of the Freestream Velocity –  

𝐶 = 𝐶′cos (𝛼) 

Lift Curve Slope –  

The range used for this calculation was 6° to 3° since the aerofoil was observed to have 
stalled between 6° and 9° due to a drop in the lift coefficient. 

The inclinations (α) were converted to radians before being substituted into this equation. 

ௗಽ

ௗఈ
=

ಽలషಽయ

ఈలିఈయ
       

ௗಽ

ௗఈ
=

.ହସହ ି .ଶ଼ଶ

.ଵହ ି .ହଶସ
= 5.024𝑟𝑎𝑑ିଵ 

The inclinations (α) were converted to radians before being substituted into this equation. 

Processed Data: 
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Plots: 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Plot of pressure coefficients for both the upper and lower surfaces of a Piercy Aerofoil against their distance along 
the chord with the y-axis inversed. 
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Figure 2: Plot of both the experimental and theoretical differences in pressure coefficient against their position along the 
aerofoil. 

 

Figure 3: Plot of lift coefficient against angles of incidence of 3°, 6° & 9°. 

Learning Outcomes: 

To investigate the static pressure profile along a Piercy Aerofoil using experimental and 
theoretical results for small angles of incidence and to compare plus explain any differences. 
Using numerical integration, the lift coefficient was to be obtained and the stall angle found by 
comparing these results along with the inviscid flow theory. 

Perceived Difficulties: 

The inclined manometer readings were easily influenced by parallax errors since a small 
change in the height at which readings were taken from resulted in a significant difference 
between readings for the same value which was a problem as several colleagues of different 
heights took the readings. The manometer height reading fluctuated for each inclination 
meaning an average value was required, this introduced further error to these readings. Taping 
30’s pressure readings were treated as the readings for the trailing edge. However, taping 30 
was not located at the trailing edge due to this region being too thin to house a taping as a result 
our results for this region were inaccurate. 

General Trends: 

Both the pressure coefficients and change in pressure coefficients are greatest towards the 
trailing edge for all inclinations as shown in figures 1, 2 & 3. This results in the majority of the 
lift force acting near to the leading edge due to the difference in pressure between the upper 
and lower surfaces being the greatest in this region. This agrees with the theoretical results and 
the theory for a symmetrical aerofoil [3]. 

The 6° inclination experiences a spike in pressure half way along the aerofoil which disagrees 
with the other inclinations and theoretical results. Since the same aerofoil was used for all tests 
this anomaly was mostly likely caused by an error in the observation of the fluid height levels, 
either due to a parallax error or an inaccuracy in the average value reading. 

The lift coefficient is directly proportional to the angle of attack for all angles but drops off 
between 6° and 9° which indicates that stall occurred at angle within this range. The stall angle 
is the angle of attack at which lift continues to increase but not linearly [3]. Since the lift force 
is related to the lift coefficient by the density of the fluid, the freestream velocity and the cross-
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sectional area of the aerofoil [4] and all of these variables were the same for all tests any 
observation for the lift coefficient would have been the same for the lift force. Meaning the two 
terms are interchangeable for this experiment.  

The lift curve slope obtained was 5.024 which is similar to the theoretical result of 6.28 
obtained using the thin aerofoil theory [4] and other experiments [5] at similar Reynolds 
numbers (table 5). Although the calculated uncertainty (figure 3) does not account for this error 
there were significant sources of error which could not be accounted for in these calculations 
such as fluctuations in the manometer readings. Since the aerofoil tested was symmetrical, an 
inclination of 0° should have resulted in 0 [6] lift but extending the line for the linear section 
of the data does not result in a y-intercept of 0 as shown by the dashed line in figure 3. 
Uncertainties within the results have reduced the accuracy of the data points and so the line. 
Instead of taking these data points as precise a better method of obtaining the lift curve slope 
would have been to use lines of best fit. One with a maximum and the other with a minimum 
slope, both based on the uncertainty of the data points. An average of these slopes would have 
resulted in a more accurate lift curve slope. Bernoulli’s equation was used to derive the pressure 
coefficient equation. An alternative method would have been to use streamlines around the 
aerofoil and Euler’s equation [7].  

Errors & Uncertainties: 

 

𝑍 = 𝑓(𝐴, 𝐵, 𝐶)  →  (𝛥𝑍) =  ඨ൬
𝜕𝑓

𝜕𝐴
𝛥𝐴൰

ଶ

+ ൬
𝜕𝑓

𝜕𝐵
𝛥𝐵൰

ଶ

+ ൬
𝜕𝑓

𝜕𝐶
𝛥𝐶൰

ଶ

 

𝛥(𝐶) =  ඥ(𝐿)ଶ + (𝐿)ଶ + (𝐿)ଶ  𝛥(𝐶) =  ඥ(0.003)ଶ + (0.003)ଶ + (0.003)ଶ = 0.005 

Improvements: 

Since the manometer height readings fluctuated for each test a more accurate approach for 
taking readings would have been to take several readings and obtain an average value for each 
taping rather than using the value closest to the mid-point of the fluctuating fluid level. This 
resulted in a large discrepancy between the calculated uncertainties and the total uncertainty, 
as shown in table 11. This would have reduced the uncertainty in the data range, increasing the 
accuracy and precision of the final results and plots. 

A greater number of inclinations could have been tested to identify the exact stall angle. Based 
on the results of this experiment the stall angle is known to be between 6° and 9°. Further tests 
in this range would not only allow for the identification of the stall angle but also a better 
analysis of the relationship between the lift force and the angle of attack such as the percentage 
decrease in lift production at the stall angle. 

Conclusion: 

The outcomes of this experiment were a successful investigation into the lift vs angle of attack 
relationship through the use of experimental and theoretical results since the stall region of a 
symmetrical aerofoil was identified using the data collected. This data closely matched the 
theoretical results with a stall angle between 6° and 9° as well an accompanying sudden drop 
in lift and pressure coefficient within this range. More tests are required to identify the exact 
stall angle and fully meet the objectives. 
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