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PROJECT INTRODUCTION

Overview and purpose of project



OPTIMIZATION OF AIRFRAME 
AERODYNAMIC DESIGN

• Previous two projects analyzed effects of various geometric and mechanical 

characteristics of airfoils and wings

• Now these characteristics will be optimized under a certain set of conditions to 

create an optimal wing configuration

• This will be accomplished through use of Julia packages VortexLattice and SNOW

• Results from three optimization problems will be presented



DESIGN SET-UP

Creating the right questions for the optimization problems



DESIGN SET-UP: FORMULATING THE 
RIGHT QUESTION

• In Dr. Ning’s textbook Engineering Design Optimization, there are 5 guiding 

steps to construct an optimization problem:

1. Describe the problem

2. Gather information

3. Define the design variables

4. Define the objective 

5. Define the constraints



DESIGN SET-UP: PROBLEM 1

1. Describe the problem

• Simple RC plane ~300 grams in weight, ~0.75 meters in length

2. Gather information

• Aspect ratio, 6-8, wingspan 0.5-1.0 m, pitch angle of 5◦ , and 3 N of weight (306 grams) at a speed 

of 15 m/s

3. Define the design variables

• Aspect ratio, specifically, the wingspan and chord distribution of the wing

4. Define the objective 

• Minimize induced drag. Need higher lift to drag ratio to fly more effectively and conserve energy 

consumption. 

5. Define the constraints

• Lift generated by the wing; the aircraft needs sufficient lift force



DESIGN SET-UP: PROBLEM 1



DESIGN SET-UP: PROBLEM 2

1. Describe the problem

• Elliptical wing, similar to the famous World War II aircraft, the Supermarine Spitfire

2. Gather information

• Wing of span 8.0 m, pitch angle of 5◦, capable of carrying 1.7 N of weight at speed of 1 m/s, 

and zero sweep

3. Define the design variables

• Chord lengths along the wingspan.

4. Define the objective 

• Minimize induced drag.

5. Define the constraints

• Lift generated by the wing; the aircraft needs to produce sufficient lift force

• Chord lengths must decrease from root to chord



DESIGN SET-UP: PROBLEM 2



DESIGN SET-UP: PROBLEM 3

1. Describe the problem

• Rectangular wing with elliptical lift distribution

2. Gather information

• Wing of span 8.0 m, pitch angle of 5◦, capable of carrying 1.7 N of weight at speed of 1 m/s, and 

zero sweep

3. Define the design variables

• Twist values along the wingspan.

4. Define the objective 

• Minimize induced drag.

5. Define the constraints

• Lift generated by the wing; the aircraft needs to produce sufficient lift force



DESIGN SET-UP: PROBLEM 3



METHODS & RESULTS

Processes followed to obtain desired solutions 



METHODS & RESULTS: PROBLEM 1

• Design variables are span and chord

• The lift constraint is 3 N (about 306g) flying at 

15m/s with an angle of attack of 5 degrees. The 

result took 6 iterations.

• Relatively straight forward, laid foundation for 

further problems



METHODS & RESULTS: PROBLEM 2

• First successful run of optimizer

• Chord distribution fluctuates wildly

• Error: failed to update the number of spanwise 

sections being analyzed in VortexLattice

• Solution: increase number of spanwise sections to 

correspond with spline function



METHODS & RESULTS: PROBLEM 2

• Optimizer began to return more elliptical shaped wings

• Was always uneven and somewhat curvy

• Error: optimal solution from the optimizer set some 

chord values to be greater than root chord

• Solution: include a constraint to insure decreasing chord 

lengths from root to tip



METHODS & RESULTS: PROBLEM 2

• Optimal solution found for 3 chord length values

• Elliptical distribution is not perfect due to few values



METHODS & RESULTS: PROBLEM 2

• Increasing number of chord values results in error

5 Chord Values 25 Chord Values



METHODS & RESULTS: PROBLEM 2

• Successful elliptical wing with proper elliptical distribution

• Solution: use “grid_to_surface_panels” in VortexLattice to create the wing 

geometry instead of the previous “wing_to_surface_panels” method



METHODS & RESULTS: PROBLEM 2

• Dropping the number of chord values to 3 (below) 

and 5 (right)

• 5 values is not enough for elliptical distribution

• With only 3 values it doesn’t converge



METHODS & RESULTS: PROBLEM 3

• 3 twist values

• Same parameters as previous problem: 

▪ spline fit of 50 points, wingspan of 8,  and lift 

constraint of 1.7 N

• Constant chord value of 1



METHODS & RESULTS: PROBLEM 3

• Note that using 5 twist values results in almost the same result as only using 3 values

• The induced drag generated by this twisted rectangular wing is 0.02363 which is only 

slightly higher compared to the elliptical wing drag of 0.02333



METHODS & RESULTS: PROBLEM 3

• 25 twist values didn’t converge

• Additionally, it failed to converge with a constraint of decreasing twist values



TAKEAWAYS

Impact and relevance of the project



TAKEAWAYS: ASK THE RIGHT QUESTION

• Biggest lesson learned was the importance of formulating the right question

• Optimization consists of creating a problem from real-world situation and formulating it in 

a way to be processed and iterated quickly by a computer

• After overcoming many different coding errors, I encountered wrong-right answers 

(results from a question I didn’t know I had asked the optimizer)

• Had to learn how to be specific and thorough so that the optimizer solved the question 

that I wanted it to solve



TAKEAWAYS: PERSONAL LEARNING

• First experience with optimization problems

• Improved ability to work with VortexLattice

• Strengthened capacity to debug codding errors

• Increased and reinforced understanding of wing geometry and aerodynamic principles 

from previous projects

• Exposure to the research process



Supermarine Spitfire
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