
Wing Design 

 

 

Name _____________________________  Date__________ Group Name________________________ Number______ 

 

Boeing has decided to create a new airplane and your team has been named as the lead engineering team.  This means 
that you will be in charge of deciding what type plane will be built and developing initial sketches and specs about the 
plane.  In addition, as the lead engineering team you will specifically be responsible for designing, constructing, and 
testing the wings of this new aircraft. 

 

Task 1: Decide on a type of airplane 

There are many different types of airplanes that serve various functions.  Some examples include: private planes 
(trainers, aerobatic, taildraggers, tricycle gear, light sport, multi-engine, & business jets), commercial airliners (wide-
body, narrow-body, & regional) military airplanes (airborne early warning, attack, bomber, fighter & cargo planes).  
Because each of these planes is specifically designed to do a certain job, each plane will look different and have special 
features and designs.  As an engineering team, discuss what type of airplane you would like to design. 

Our team will be designing a _______________________________________________      

 

Task 2: Research your type of airplane 

In order to know what features to include on your airplane, it is important to understand what you are designing your 
airplane to accomplish.  As a group conduct research on your type of airplane; in the space below, write a description of 
your type plane and its purpose.  As you read about your plane, note the following specifications about planes that fit in 
your category and include this information in your paragraph.  (In general how fast do these planes fly? How far can they 
fly? How high do they fly? How heavy are these type planes on average? Do they carry passengers and if so, how many? 
Do they carry cargo?)  In order to write your paragraph you may find information in Jane’s All the World’s Aircraft or on 
the internet. 

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________ 



Task 3: Specifications for airplanes of your type 

 In order to begin designing your airplane, it is important to carefully consider what airplane designers have created in 

the past; there is no reason to completely re-invent the wheel.  In order to have an idea about the design features that 

are typically used on your type of aircraft, you will need to create a specifications chart on 6 (or 8) airplanes that are the 

same type you intend to design.  By finding these specifications, you will be able to calculate things like the general wing 

area of your type airplane.  Again, you may use Jane’s All the World’s Aircraft or the internet to find this information. 

Manufacturer Model Wingspan 
(ft) 

Wing 
Area 
(sq ft) 

Aspect 
Ratio 

Empty 
Weight 
(lbs)  

Max 
Payload 
(lbs) 

Max Cruise 
(knots) 

        

        

        

        

        

        

        

        

 

Task 4: Thinking about design considerations 

As you begin to design your airplane, there are many things you must think through before you actually design.  It is 

important that your wings provide enough lift and have the necessary flight characteristics to accomplish the type tasks 

your plane typically performs.  During the next phase of this project, you will be walking through several design 

considerations for your wings.  Through mathematical application and research, you will need to decide and justify each 

of the following wing considerations.  

Wing Design Considerations 

1. Area of wing 

2. Wingspan and Aspect Ratio 

3. Wing Planform Shape 

4. Airfoil Design 

5. Wing Angle 

6. Wing Placement 

Task 5: Wing area 

 

One of the first things you will need to figure out is the average wing area of 

other planes that are the same type as the one you will be designing.  You will 

need to use the information in the specifications chart and obtain an average 

of the wing area of the 6 planes you researched.  That will be the wing area for 

your airplane. 

 

 



 

Show the math problem your engineering team used to calculate the wing area for your plane. 

 

 

 

 

The wing area of our airplane will be _______________________ 

Task 6: Aspect ratio and wingspan 

 

You must now figure out what the wingspan of your airplane will be.  To do this, you will look at the range of aspect 

ratios from the planes you researched.   

What is the range (low-high) of the aspect ratios of the planes you researched?  __________________________ 

Different planes choose different wing aspect ratios within the range because there are pros and cons to having either a 

low or a high aspect ratio.  Do a little research and in the space below explain the pros and cons of a high and low aspect 

ratio wing.  Here are a few websites to get you started: 

http://www.boldmethod.com/learn-to-fly/aircraft-systems/how-does-aspect-ratio-affect-a-wing/ 

https://www.sciencelearn.org.nz/resources/302-wing-aspect-ratio 

https://en.wikipedia.org/wiki/Aspect_ratio_(aeronautics) 

 

High Aspect Ratio Wing 

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________  

Low Aspect Ratio Wing 

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________  

http://www.boldmethod.com/learn-to-fly/aircraft-systems/how-does-aspect-ratio-affect-a-wing/
https://www.sciencelearn.org.nz/resources/302-wing-aspect-ratio
https://en.wikipedia.org/wiki/Aspect_ratio_(aeronautics)


Remember, the aspect ratio of a wing is the ratio of the wingspan to the wing chord.  Using your research, your 

engineering team must choose an aspect ratio for the wing that you are designing.  It must fall somewhere in the range 

of the planes you have researched. 

The aspect ratio for our wing will be ___________________________________ 

Based on your research, justify why you chose this particular aspect ratio for your plane.  Was the number you chose 

near the bottom of the range, in the middle, or at the top? Why did you make this decision?  

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________ 

Now that you know the aspect ratio for your wing, it is time to calculate the wingspan for your plane.  Remember that 

the equation for aspect ratio is 

     Aspect Ratio (AR)=  (wingspan)2 

                              (Area of the wing) 

You will need to use this equation to calculate the wingspan of your airplane but it will require some basic algebra and 

taking the square root of a number.  When you get to this step, please come see me so I can help you with this 

calculation. 

Use the space below to show your work for calculating the wingspan of your plane.  Make sure to write the formula for 

the first step.  Then, fill in what you already know and I will show you how to do calculations involving square roots. 

 

 

 

 

 

 

 

 

 

The wingspan of our airplane will be ___________________________ 

 

 

 

 



Task 7: Wing planform shape 

Different types of airplanes have different shapes for their wings.  The 

shape of a wing, if viewed from directly above, is called the wing 

planform.  One important aspect of a wings planform are the angles at 

which the leading edge and trailing edge of the wing attaches to the 

fuselage.  With a rectangular planform, the wing is perfectly straight and 

at 90 degrees to the fuselage of the plane.  However, with a commercial 

airliner or fighter jet, the wing may be swept of have a delta shape, 

where the angle would be closer to 30 or 45 degrees.   Look at the 

different airplanes you researched at the beginning of this project and 

find some “birds eye” views of them.  What is the wing planform shape 

for most of the airplanes you researched?___________________  You 

will need to do some additional research to help you understand the benefits of the various shapes and so your 

engineering group can determine the basic planform shape  of your wing. 

Her are a few websites to help get you started: 

https://www.flightliteracy.com/effect-of-wing-planform/ 

http://www.dauntless-soft.com/PRODUCTS/Freebies/Library/books/FLT/Chapter17/WingPlanform.htm 

https://aviation.stackexchange.com/questions/19475/what-are-the-different-wing-planforms-what-are-eachs-

advantages-where-are-the 

Planform 
Name 

Benefits Challenges Type of plane that typically 
has this planform shape 

 
 
Rectangular 
 

 
 
 
 
 

  

 
 
Swept 
 

 
 
 
 
 

  

 
 
Delta 
 

 
 
 
 
 

  

 
 
Elliptical 
 

 
 
 
 
 

  

 
 
Tapered 
 

 
 
 
 
 

  

https://www.flightliteracy.com/effect-of-wing-planform/
http://www.dauntless-soft.com/PRODUCTS/Freebies/Library/books/FLT/Chapter17/WingPlanform.htm
https://aviation.stackexchange.com/questions/19475/what-are-the-different-wing-planforms-what-are-eachs-advantages-where-are-the
https://aviation.stackexchange.com/questions/19475/what-are-the-different-wing-planforms-what-are-eachs-advantages-where-are-the


After completing your research and looking at the airplanes that are the same type as yours, what planform shape will 

your wing have? ________________________  Back up your decision with evidence-in other words what did you learn 

that helped you make this decision? 

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________ 

Task 8: Drawing the planform design of your wing 

Now that you know the area, wingspan, and planform of your wing it is time to actually draw out what your wing will 

look like.  On the next page is some graph paper where each square represents 1ft2 . In order to draw your wing with the 

correct dimensions you will need to divide your planform into simple shapes so that you can calculate the area of each 

shape to ensure that your drawing produces the correct total area for your group’s wing.  You know how long the wing 

will be from the root cord to the tip chord (wingspan), but you will have to calculate and figure out the other distances.  

This will require some trial and error and using your math skills.  When you get to this section, I will help you, and you 

will need to do all of your work and calculations in the box below.  Please do not draw your wing on the graph paper 

until I have checked your work and you are ready to draw the final copy of your wing.  When you draw your final copy, 

please use a ruler and be very neat.    

 

 

 

 



 

Now you have a perfect “top view” picture of your wing.  The only remaining task to complete this portion of the wing is 

to scale your wing so that you can print it the correct size to fit in the wing tunnel for testing.  In other words, if the wing 

on your airplane has a wingspan of 18 feet in the real world, that’s great, but it won’t fit in the wind tunnel for testing.  

The test area of our wind tunnel is _________________.   So, using what you have learned about scale drawings, convert 

the actual wing size into a wing that will fit perfectly in the wind tunnel test area.  Show your work in the box below. 

 

 

 

 

 

 

 

 

 

The scale of our wing is _____ft =  _______in 

 



Task 9: Choosing an Airfoil Design 

 

Designing an airfoil is a very complicated task and a little beyond your current math skills.  Don’t worry though, as you 

continue to learn in school you can prepare yourself to tackle that challenge.  As you know, an airfoil is one of the most 

important design features of the wing since it is so instrumental in helping create lift.  Since you won’t be designing your 

own airfoil shape, it is important that you continue with your research to enable you to choose an airfoil that will work 

for your airplane.  To do that you will need to use the website “The Incomplete Guide to Airfoil Usage” 

https://www.google.com/search?q=guide+to+airfoil+use&rlz=1C1GGRV_enUS786US786&oq=guide+to+airfoil+use&aqs

=chrome..69i57.4342j0j9&sourceid=chrome&ie=UTF-8 

Scroll down the page to locate the 6 airplanes your group originally researched.  Write down the wing root airfoil and 

wing tip airfoil for each.  Airplanes with tapered wings will have the two different airfoils; the airfoils will be the same 

shape but different thicknesses, so we say they are in the same family.  Other airplanes, without tapered wings, may use 

the same airfoil for the wing root and the wing tip. 

Manufacturer Model Wing Root Airfoil 
(name and number)  

Wing Tip Airfoil 
(name and number) 

 
 

   

 
 

   

 
 

   

 
 

   

 
 

   

 
 

   

 
 

   

Based on your research you will need to choose the airfoil(s) to use for your wing.  If your wing is not tapered, then you 

can use one airfoil.  However, if your wing is tapered, you will need to choose 2 airfoils in the same family.  To help you 

make some decisions you will first want to look at the airfoils.  To do this, use the webpage “Airfoil Tools” 

http://airfoiltools.com/ 

From the home page click on the “airfoil search” link.  Then, in the box that says text search, you will type the word 

NACA and the number of your airfoil. Next, you will click on the search button to see a picture of your airfoil.  After 

looking at the airfoils you will need to decide which airfoil you will use for the wing your engineering group is designing.  

You may choose any of the airfoils from the aircraft you researched, but if you see a recurring airfoil, that might be the 

best one to use.  After you have chosen an airfoil, use the snipping tool to capture an image of your airfoil along with the 

airfoil data.  Save that image to your flash drive and then use one of the two desktop computers to print your airfoil 

image.  You will need to print enough copies for everyone in your group to have the image.  Use a ruler to draw a neat 

rectangle around the airfoil and airfoil data and cut out the rectangle so you can tape your airfoil image on the next 

page.  

https://www.google.com/search?q=guide+to+airfoil+use&rlz=1C1GGRV_enUS786US786&oq=guide+to+airfoil+use&aqs=chrome..69i57.4342j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=guide+to+airfoil+use&rlz=1C1GGRV_enUS786US786&oq=guide+to+airfoil+use&aqs=chrome..69i57.4342j0j9&sourceid=chrome&ie=UTF-8
http://airfoiltools.com/


The name and number of the airfoil(s) we will use _____________________________________________ 

 

 

 

 

 

 

 

 

Task 10: Wing angle 

The next factor you need to consider is the angle of your wing.  As with all 

the other factors, there are reasons that you would chose to use a 

particular wing angle with a particular type of airplane.  Use the websites 

below, and any others you find, to help you complete the chart about why 

your group would chose to use each of the wing angles. 

 

https://howthingsfly.si.edu/ask-an-explainer/how-does-anhedral-or-dihedral-affect-performance-aircraft 

http://www.boldmethod.com/learn-to-fly/aerodynamics/how-wing-dihedral-keeps-your-wings-level-in-flight/ 

https://www.quora.com/What-are-the-advantages-of-an-anhedral-wing-over-a-dihedral-wing 

http://www.aviation-history.com/theory/wing_dihedral.htm 

https://en.wikipedia.org/wiki/Gull_wing 

https://aviation.stackexchange.com/questions/25529/what-are-the-pro-cons-of-polyhedral-cranked-wings 

Wing 
Angle 

Why would an engineer choose to use this type 
wing angle?  What are its benefits? 

What type planes typically use this wing angle and 
do those planes tend to have high or low wings? 

Dihedral  
 
 
 

 

Anhedral  
 
 
 

 

Gull Wing  
 
 
 

 

Polyhedral  
 
 
 

 

https://howthingsfly.si.edu/ask-an-explainer/how-does-anhedral-or-dihedral-affect-performance-aircraft
http://www.boldmethod.com/learn-to-fly/aerodynamics/how-wing-dihedral-keeps-your-wings-level-in-flight/
https://www.quora.com/What-are-the-advantages-of-an-anhedral-wing-over-a-dihedral-wing
http://www.aviation-history.com/theory/wing_dihedral.htm
https://en.wikipedia.org/wiki/Gull_wing
https://aviation.stackexchange.com/questions/25529/what-are-the-pro-cons-of-polyhedral-cranked-wings


 

What angle will your group be using for your wing? _______________________________________ 

Back up your decision with evidence-, in other words what did you learn that helped you make this decision? 

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________ 

Task 11: Wing Placement 

The last decision you will need to make is where the wings will be placed on the fuselage of 

your airplane.  Since you will be testing only the wing in the wind tunnel, you won’t be able to 

test the wing in this position, but it is a factor all engineers have to consider when they are 

creating a wing for a new aircraft.  Use the websites below, and any others you find, to help 

you complete the chart about why your group would chose to use each of the wing angles. 

 

 

 

https://www.quora.com/What-are-the-pros-and-cons-of-low-wing-aircraft-as-opposed-to-high-wing-design 

https://aviation.stackexchange.com/questions/24973/what-are-the-advantages-or-disadvantages-of-a-mid-wing-design 

http://howthingsfly.si.edu/ask-an-explainer/what-difference-between-high-wing-mid-wing-and-low-wing 

Wing Placement Advantages Disadvantages 

High-wing  
 
 
 
 
 

 

Mid-wing  
 
 
 
 
 

 

Low-wing  
 
 
 
 
 

 

 

 

https://www.quora.com/What-are-the-pros-and-cons-of-low-wing-aircraft-as-opposed-to-high-wing-design
https://aviation.stackexchange.com/questions/24973/what-are-the-advantages-or-disadvantages-of-a-mid-wing-design
http://howthingsfly.si.edu/ask-an-explainer/what-difference-between-high-wing-mid-wing-and-low-wing


Where will your engineering group place the wings on your airplane? _______________________________________ 

Back up your decision with evidence-, in other words what did you learn that helped you make this decision? 

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________ 

Congratulations!!!!  You have now addressed all of the factors necessary for your wing design.  The final step in the 

planning stage of the engineering design is to draw three views of your airplane complete with the wings you designed.  

By drawing the views from of all three axes, you will highlight the different design feature of your wings.  Draw each 

view to scale where each square of the graph paper represents 2ft2  We’ll start with the planform view (vertical or “birds 

eye”) since you have already drawn one wing in this view.  However, in these illustrations you will be drawing the 

complete airplane with the fuselage, empennage, and both wings; also, the scale for your drawings is 1 square = 2ft2 

instead of the scale you used in your first drawing which was 1 square = 1ft2   

 

Vertical (Planform) View                                                                                                       1 square = 2ft2                                                                

 

 



 

Longitudinal (Side) View                                                                              1 square = 2ft2 

 

 

Lateral (Front) View                                                                                      1 square = 2ft2 

Your engineering group is now ready to design your wing in NASA’s Open VSP software!!! 


