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Modeling the Lift Coefficient of a Wing 

Introduction 

The ability of birds to fly has always impressed me, and since my childhood, I have always 

wanted to fly like birds do. However, since it is not possible, my interest in planes grew and I 

started to build and fly remote controlled model planes at the age of 11. Since then, I have built 

various kinds of model planes, and in this journey, I learned some of the major factors that 

determine the ability of an airplane to fly.  

The shape of a plane’s wing is a major factor in a plane’s flight characteristics. The shape 

of the wings are designed by using appropriate airfoil sections. Since 1800’s, many work and tests 

have been done in order to produce airfoil sections optimized for specific purposes such as 

airplane wings, propeller blades, and sails. The aim in producing an optimized airfoil is to minimize 

the drag force, maximize the lift force, and build it strong and thick enough to carry the load 

(“History of Airfoil Development”).  

Research Question 

• How does the lift coefficient vary as the angle of attack of the incident air stream 
changes? 

In this experiment, I aimed to model the correlation between the lift coefficient and angle 

of attack (of the incident air stream) of one of my remote controlled model glider’s wing section. 

The produced model can then be used to calculate the approximate lift force produced under 

different angle of attack, air density, and air speed. It can also be used further for estimating the 

critical angle of attack of the air section at which maximum lift force is produced which is explain 

later in detail. 
 

 

 

 

 

 

 

 

Figure 1: Airfoil section of my model glider (Draw in Microsoft Office Word) 
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Equipment and Setup 

In order to prepare the equipment, I modeled a scaled model of my model glider’s wing 

and a stand to precisely adjust the wing’s angle in Autodesk 3dsMax (3D modeling software). Then, 

I printed the modelled 3D parts in a 3D printer. Finally, the parts are assembled as shown in the 

figure 2.  

 

 

 

 

 

 

 

 

 

 

To precisely increment the angle of the wing, I fixed a servo motor under the pivot joint as 

shown in figure 2. Then, I connected the servo motor to my computer through an additional 

microcontroller. Using this setup, I was able to change the angle of the wing from my computer 

between -10 and 50 degrees of angle of attack and with a precision of ±1 degrees. 
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To measure the lift force, I put an electronic balance under the wing and placed an electric 

fan in front of the wing as in figure 3 in order to produce lift. I also made sure that the propeller’s 

axis of rotation aligned with the wing’s axis of symmetry to avoid systematic errors as much as 

possible. 

In this complete setup, air is blown from the electric fan at a constant speed of 8.19 ± 

0.124 m/s towards the model wing. Then the air stream creates a lift force with a magnitude that 

depends on the angle of attack of the model wing. The angle of attack of the wing is incremented 

repeatedly by 2 degrees from of -10 to 50 degrees. Finally, the obtained weight values are used 

to find the correlation between the lift coefficient and the angle of attack of my model gliders 

wing section.  

Additionally, the speed of the air stream is measured by using a digital anemometer and 

to increase precision 10 trials are done. The average of the data are calculated as 8.19 m/s, and 

the absolute uncertainty is calculated as 0.124m/s by computing the half of the difference 

between the maximum and minimum values. 

The Lift Formula 

By using the lift formula, it is aimed to calculate the lift coefficients at each angle of attack. 

Once the correlation between the lift coefficient and angle of attack is modeled, it can be used to 

estimate the lift force at different air density, air speed and angle of attack rates by reusing the 

lift formula. (“The Lift Equation”). 

 

 

 

Lift Formula: Taken from www.grc.nasa.gov 

The lift equation above suggest that the lift force acting on a wing is directly proportional 

with the density of air, the square of the air speed, the area of the wing, and the coefficient of lift. 

The area of the wing is calculated by multiplying the wing’s chord length and wing span 

(“Wing Area”). 

 

 

 

 

 

Figure 4: Extruded Wing Section (Drawn in Microsoft Office Word) 

𝐹𝐿𝑖𝑓𝑡 =
𝑪𝒍𝒊𝒇𝒕 × d × 𝑉2 × A

2
 

 

d:  density of air 
V:  speed of the flowing air 
A:  Wing area 

 

Chord length 
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Independent Variables: 

❖ Angle of attack of the air stream 

Dependent Variables: 

❖ Lift force 

Control Variables: 

❖ Velocity of the air stream 

❖ Density of air 

❖ Temperature of air 

❖ Wing area 

Procedure 

1. Measure the weight of the wing and its stand, and record it into the raw data table. 

2. Set the angle of attack of the wing to -10 degrees (lowest value of angle of attack) by 

adjusting the angle of the wing with the help of a servo motor controlled from the 

computer.  

3. Turn on the electric fan, which will produce air stream towards the wing. 

4. Read the maximum and minimum values appear on the electric balance, and record 

them separately into the raw data table. 

5. Increase the angle of attack by 2 degrees. 

6. Repeat the steps 4 and 5 until the angle of attack is incremented to 50 degrees. 

7. Repeat the step 6 three times to obtain 3 set of data which will be used to produce more 

precise data. 

8. Measure the air speed by using anemometer, and record it into the data table. 

9. Turn off the electric fan. 

Safety Cautions: 

❖ The fan used in this experiment had a model plane propeller with thin, sharp blades 

rotating at high speed. For this reason, tools and hands must not brought close to the 

propeller while it is rotating.  
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Raw Data Table 

The table below contains all data collected by hand during the experiment. While reading 

the values from the electronic balance’s screen, the weight values oscillated. So, I recorded the 

minimum and maximum values, and their average values are used in calculations.  

Angle of attack 
(degrees ±1)  

Weight (grams ± 0.05) 

Trial 1 Trial 2 Trial 3 

min max min max min max 

-10 214.1 216.0 211.4 215.6 211.8 213.1 

-8 210.5 213.3 211.2 214.8 212.4 213.6 

-6 209.0 211.5 206.0 211.3 211.3 212.4 

-4 206.4 209.5 203.4 210.0 210.6 212.3 

-2 204.0 208.9 203.2 207.3 206.4 207.9 

0 203.3 207.1 202.6 206.5 203.6 209.6 

2 202.4 206.0 201.8 204.9 203.6 205.4 

4 198.8 202.4 200.9 203.4 200.4 202.1 

6 196.9 201.4 200.3 202.3 199.8 203.6 

8 193.8 198.3 195.6 199.8 199.7 201.7 

10 193.6 198.1 193.4 197.6 194.3 196.8 

12 191.4 196.2 191.6 196.9 195.6 198.8 

14 189.0 193.1 192.7 197.3 192.1 197.5 

16 187.4 193.0 188.3 197.4 189.5 190.2 

18 186.2 191.2 185.8 192.1 184.2 187.7 

20 186.3 191.4 184.3 188.1 182.1 187.0 

22 186.8 191.2 183.6 187.3 187.1 191.3 

24 185.6 190.4 186.0 189.2 182.3 186.2 

26 184.3 191.6 184.3 187.2 182.4 187.2 

28 182.5 189.3 181.4 185.1 182.6 186.1 

30 182.1 185.6 182.9 186.3 182.2 188.6 

32 181.6 185.4 182.1 187.1 183.3 187.5 

34 181.2 186.0 183.2 185.7 182.3 187.1 

36 180.9 183.5 180.6 183.2 183.1 185.6 

38 180.5 184.6 183.1 187.3 180.9 187.2 

40 182.1 184.8 182.1 186.4 182.1 188.4 

42 181.4 182.4 184.4 188.3 183.6 187.6 

44 182.1 184.6 182.4 184.8 182.4 186.6 

46 181.6 185.0 184.2 186.0 183.1 188.2 

48 180.6 185.9 183.6 186.5 186.4 191.7 

50 183.9 189.6 181.2 184.1 183.8 190.4 

 

 

 

 



6 
 

Constant Data Table 

The data table below contains the constants and controlled variables used in calculations. 

 Value Absolute uncertainty Unit 

Wind speed 8.19    0.124 m/s 

Wing area 0.103 0.000323 m2 

Weight of the wing setup 204.8 0.05 grams 

Air density (at 24℃ and sea level) 1.184 - Kg/m3 

 

Data Processing 

        In order to model the correlation between the lift coefficient and angle of attack, first raw 

weight values are converted to force values, then lift formula is used. 

Calculating the lift force: 

• All raw data are converted to have SI units. 

• The average of the maximum and minimum weights in the raw data are calculated. 

• The calculated average values are subtracted from the actual weight of the wing setup to 

calculate the difference in the wing’s weight caused by the lift force. 

• Finally, the values are multiplied with the gravitational acceleration of the Earth, which is 

taken as 9.81, in order to calculate the magnitude of the lift force in Newtons. 

Note: The difference between the minimum and maximum values are not used to calculate the 

absolute uncertainty since they do not indicate an error range. Instead they are recorded 

to find the middle value since these values oscillated in a regular pattern.   

Calculating the coefficient of lift: 

        To convert the lift force values into lift coefficient values, the lift equation is rearranged to 

the form below (“The Lift Coefficient”): 

 
 

 

 

Following is an example of converting lift force values into lift coefficients using the 
formula above. As an example, FL is taken as 0.0283 ± 4.90 × 10−4 Newton. 

 

𝐶𝑙𝑖𝑓𝑡 =
2 × (0.0283 ± 4.90 × 10−4)

(1.184) × (8.19 ± 0.124)2 × (0.103 ± 0.000323)
= 0.00691 ±  0.000340 

 

d:  density of air  (1.184 Kg/𝑚3) 
V:  air speed  (8.19 ± 0.124 m/s) 
A:  total wing area (0.103 ± 0.000323 𝑚2) 

 
 

𝑪𝒍𝒊𝒇𝒕 =
𝟐 × 𝑭𝑳𝒊𝒇𝒕

𝒅 × 𝒗𝟐 × 𝑨
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Derived Data Table 

When the calculations above is applied to all data points, a derived data table is 
produced. The data table below is a small portion of the original derived data table. 
 

Angle of attack 
(degrees ±1) 

Lift Coefficient 
Absolute  

Uncertainty 

-4 -0.00375 0.000230 

-2 -0.000888 0.000140 

0 0.000493 0.000120 

2 0.00286 0.000200 

4 0.00523 0.000280 

6 0.00691 0.000340 

8 0.0140 0.000580 

 

Data Modeling 

To produce the graph below, I used the software LoggerPro. Data in the derived data table are 
used to produce the graph below.  
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The software LoggerPro is used to find the correlation between the independent and the 

depended variables, which is a third degree polynomial with a correlation rate of 98.5% and RMSE 

rate of 0.00416. The constants A, B and c are the constants of the terms in the polynomial 

function.  

 

 

 

 
Linearization 

 The correlation between the angle of attack and lift coefficient is a second degree 

polynomial, so by applying linearization it becomes more possible to determine the outliers if 

exist and to interpret the correlation between the data points and the best fit curve. However, 

before linearizing the data, all data must be translated so that vertex of the function is at the 

origin. 

Calculating the vertex point of the best fit curve: 

 To calculate the x and y coordinates of the vertex, first the derivative of the best fit curve 

is calculated, then it is equalized to 0 since vertex is at the maximum point where slope 

(derivative) is zero: 

𝐶𝑙𝑖𝑓𝑡 = 𝐴𝜃2 + 𝐵𝜃 + 𝐶 

𝑑𝐶𝑙𝑖𝑓𝑡

𝑑𝜃
= 2𝐴𝜃 + 𝐵 

𝐵 + 2𝐴𝜃 = 0 

𝜃 =  
−𝐵

2𝐴
 =  39.75° 

The absolute uncertainty of the x coordinate of the vertex is calculated below: 

∆𝜃 =  𝜃 × ( 
∆𝐵

𝐵
+ 

∆𝐴

𝐴
) = ±1.93 

𝜽 = 𝟑𝟗. 𝟖 ± 𝟏. 𝟗𝟑 

  

 

 

𝑪𝒍𝒊𝒇𝒕 = 𝑨𝒙𝟐 + 𝑩𝒙 + 𝑪 

RMSE:  0.00416 

Corrolation: 98.5 % 

 

𝐴: − 3.10 × 10−5     ± 1.51 × 10−6 

𝐵:      2.47 × 10−3     ± 6.49 × 10−5 

𝐶: − 1.17 × 10−3    ± 6.58 × 10−4 

𝐴: − 3.10 × 10−5     ± 1.51 × 10−6 

𝐵:      2.47 × 10−3     ± 6.49 × 10−5 

𝐶: − 1.17 × 10−3    ± 6.58 × 10−4 

𝜃: 𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑎𝑡𝑡𝑎𝑐𝑘 
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So the function is maximum at 39.75 ±1.934 degrees which is the x coordinate of the vertex. 

Now, It is possible to calculate the y coordinate of the vertex by substituting 𝜃 angle to the 

function: 

𝐶𝑙𝑖𝑓𝑡 = 𝐴𝜃2 + 𝐵𝜃 + 𝐶 

∆𝐶𝑙𝑖𝑓𝑡 =  ∆𝐴 × 𝜃2 (
2×∆𝜃

𝜃
) + 𝐵 × ∆𝜃 + ∆𝐶  

𝑪𝒍𝒊𝒇𝒕 = 𝟓. 𝟎𝟐 × 𝟏𝟎−𝟐  ± 𝟓. 𝟔𝟔 × 𝟏𝟎−𝟑 

Thus, the vertex 𝑉 has x coordinate 39.8 ± 1.93 and y coordinate 5.02 × 10−2  ± 5.66 × 10−3. 

Applying Transformation 

Once 𝑉𝑥 (x coordinate of vertex 𝑉)is subtracted from x coordinates and  𝑉𝑦 is 

subtracted from y coordinate of all data points, the function becomes centrered at the origin. 

Then, the y coordinates of data points are multiplied with -1 in order to keep y values positive at 

all points, so that during linearization a positive linear corrolation will be produced. In the 

transformed graph below, the corrolation is a square function which is ready to be linearized in 

the following step. 

Graph with Transformed Data Points 
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Linearized Graph 

To linearize the graph, the square of x coordinates of the data points are computed, and the graph below 

is produced with a linear correlation. 
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Slope Calculations 

Using the linearized graph, maximum and minimum slope boundaries are determined by hand. 

By calculating the half of the difference between the minimum and maximum slope values, the absolute 

uncertainty in the slope is calculated. So the slope of the graph is 3.10 × 10−5  ± 0.876 × 10−5. 

 At this stage, it is possible to reproduce the function of lift coefficient and angle of attack by 

integrating determined slope uncertainty: 

To linearize the graph, the  data points were moved by 𝑉𝑥 to the left and 𝑉𝑦 to down, then the 

𝑉𝑦(y coordinate of the vertex point) values were multiplied with -1, finally the square of the shifted 𝑉𝑥 

values were computed. So in the following step, the slope of the linearized graph with its absolute 

uncertainty is equalized to the transformed slope of the original polynomial function. 

𝑠𝑙𝑜𝑝𝑒 =
−[𝐶𝑙𝑖𝑓𝑡 − (𝑉𝑦 ± ∆𝑉𝑦)]

[𝜃 − (𝑉𝑥 ± ∆𝑉𝑥)]2
 

Now, a new function of lift coefficient is produced which contains the determined absolute 

uncertainty of the slope on the linearized graph. 

𝑪𝒍𝒊𝒇𝒕 = [𝟓. 𝟎𝟐 × 𝟏𝟎−𝟐 ± 𝟓. 𝟔𝟔] − [𝟑. 𝟏𝟎 × 𝟏𝟎−𝟓 ± 𝟎. 𝟖𝟕𝟔 × 𝟏𝟎−𝟓] × [𝜽 − 𝟑𝟗. 𝟖 ± 𝟏. 𝟗𝟑]𝟐 

 

Calculating the stall angle 

 Airplanes lift up their nose to increase the produced lift force which allows them to climb 

to a higher altitude. In fact, when the planes lift their nose too much, the wings no longer 

produce more lift and they “stall”. When the plane stalls, the air stream flowing above and 

below the wing separate when exiting from the wing’s surface, and some turbulence between 

this separation occur which decreases the produced lift force significantly. The angle of attack at 

which the plane just starts to stall is called the critical angle of attack (“Angle of Attack”). 

 By using the lift coefficient equation which is produced in the previous step, it is possible 

to calculate the critical angle of attack of my model glider. The critical angle of attack is the point 

at which the lift coefficient is maximum and the derivative of the function is 0. 

𝑪𝒍𝒊𝒇𝒕 = [5.02 × 10−2 ± 5.66] − [3.10 × 10−5 ± 0.876 × 10−5] × [𝜃 − 39.8 ± 1.93]2 

𝑑𝑪𝒍𝒊𝒇𝒕

𝑑𝜃
=  −2 × [3.10 × 10−5 ± 0.876 × 10−5] × [𝜃 − 39.8 ± 1.93] = 0 

𝜽 = 𝟑𝟗. 𝟖 ± 𝟏. 𝟗𝟑° 
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Conclusion and Evaluation 

 The goal of the experiment was to find the correlation between the lift coefficient and the 
angle of attack of my model glider’s airfoil section. To find this correlation, a smaller 3D printed 
replica of my model glider’s wing, an electronic balance, and an electric fan were used. Using these 
equipment, data about the lift force produced at different angle of attacks were collected. Then 
the collected data were converted to lift coefficient values which not only depends on the angle 
of attack of the incident wind, but also depends on the air speed, wing area, and density of the 
air. So the produced mathematical model can be used to estimate the behavior of the airfoil 
section at different environmental conditions (at different altitude for example) and angle of 
attacks although the data about the wing were collected at constant environmental variables (air 
speed, air density). 

 The angle of attack of the incident air stream on the wing was incremented between -10 

and 50 degree by 2 degrees by controlling a servo motor from a computer. So, a total of 60 data 

points were collected per single trial. Three trials were done in in total to improve the precision 

and accuracy of experiment.  

The Best Fit Curve: 

 A polynomial curve was fitted on the graph with a correlation rate of 98.5% and RMSE rate 

0.00416. In the produced graph, y axis represents the lift coefficient and x axis represent the angle 

of attack of the incident air stream. In the x axis, the absolute uncertainty is constant (1 degrees) 

since a servo motor was used to increment the angle of attack which had a precision of ±1°.  But, 

on the y axis, the uncertainty varied and is calculated separately.  

Linearization: 

 On the linearized graph, although most of the vertical error bars of data points were crossed by 

the linear best fit line, many of the horizontal error bars were not crossed. This random error could be 

caused by the turbulent flow of the wind while being rotated by the fan. The produced wind’s rotating flow 

caused variations in the angle of attack in each sides of the model wing which also caused it to vibrate. 

 Since the best fit line is a polynomial curve, the data are linearized in order determine the 

absolute uncertainty of its slope. By applying some translation and transformation on the data 

points, the correlation is linearized, and its slope is calculated to be  3.10 × 10−5 with an absolute 

uncertainty of 0.876 × 10−5. The absolute uncertainty is calculated as the half of the difference between 

the maximum and minimum slope values on the linearized graph, which are determined by hand. By 

integrating the absolute uncertainty in the slope of the linearized graph, the lift coefficient formula below 

is reproduced: 

 

𝑪𝒍𝒊𝒇𝒕 = [5.02 × 10−2 ± 5.66] − [3.10 × 10−5 ± 0.876 × 10−5] × [𝜃 − 39.8 ± 1.93]2 
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 By using the equation above, the critical angle of the model wing is calculated as 39.8 ± 1.93°. 
This result suggest that to produce the greatest amount of lift, I need to lift the nose of my 
model glider by 39.8 ± 1.93° during the flight, and if I exceed above this value, the turbulent 
flow caused by the separation of the air stream flowing around the wing will reduce the 
produced lift significantly. 

Limitations and Improvements: 

 Although a total of 180 data points were collected by hand at the end of the experiment, 

using a digital electronic balance that can be connected to the computer to collect data directly 

from the computer could make it possible to collect greater amount of data which would 

improve the precision of the analyzed correlation even more. 

 While air was blown, the propeller of the fan caused the air stream to rotate in the axis of 

propeller’s rotation. This caused the air stream to have different angle of attack in each side of 

the wing. The improper movement of the air stream increased the turbulence even more and 

caused the weight values on the electronic balance fluctuate. To eliminate this random error as 

much as possible, the average of the maximum and minimum weight values on the electronic 

balance are used. It is also possible to use a set of vertical and horizontal fins made out of foam 

placed between the propeller and wing which would eliminate the rotational motion of the air 

stream by stabilizing it to flow directly towards the wing. 

 An analog servo motor was used in this experiment to adjust the angle of the 3d printed 

wing with a precision of ±1 degrees from the computer. It is possible to eliminate (partially) this 

systematic error by using a higher quality digital servo motor. 
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