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ABSRACT 

      

     One of the most classic pursuits in aerodynamic shape 

design is the pursuit of a shape which results in optimal 

performance. This pursuit has taken many forms over the 
centuries and has played an important role in the 

advancement of vehicle design. As time passes, 

automobiles become sleeker, trains travel at increasingly 

higher speeds, and aircraft achieve new levels of 

aerodynamic performance. The present study takes a stab 

at this pursuit by employing metaheuristics in the form of 

machine learning for the optimization of wing sections, 

or airfoils. The objectives of this research are mainly to 

investigate the practicality of applying metaheuristics in 

conjunction with CFD, to develop suitable methods for 

optimizing subsonic airfoils using metaheuristics, to 
investigate the flow physics that the metaheuristic 

methods result in, and lastly to develop a foundation on 

which future research into this theme can be conducted. 

The metaheuristic algorithms that were employed in the 

present study are genetic algorithm, ant colony 

optimization, and iterated local search. To the author’s 

knowledge, it is the first time that all three of these 

algorithms have been employed in conjunction with CFD 

analysis for aerodynamic shape optimization. Results 

show that it is very practical to employ metaheuristics for 

aerodynamic shape optimization. Using CFD as the 

analysis method limits the complexity of the problem as 
even simple CFD using current technology requires as 

significant amount of time. Each of the algorithms was 

able to improve the performance of an initial airfoil, 

namely the NACA 63(2)-615 within 500 iterations. Each 

of the resulting airfoils exhibited weaker adverse pressure 

gradients on the upper surface of the airfoils leading 

towards the trailing edge. This is shown to be a result of 

the movement of the point of maximum thickness toward 

the trailing edge and suggests that the flow separation 

occurs further toward the trailing edge for the optimized 

airfoils. An additional geometric feature that was 
common among the majority of the optimized airfoils 

was a decreased leading edge radius on the lower surface. 

The exact results, trends, and differences of each of the 

algorithms is discussed in detail. It is found that each 

algorithm has its own strengths and weaknesses which 

makes the ideal algorithm to use for a problem dependent 

on the nature of the problem itself. 

GOVERNING EQUATIONS (ABRIDGED) 
 
Reynolds Averaged Navier-Stokes: 

 

 
SAMPLE RESULTS 
 

 
Results of the time averaged coefficient of pressure 

distribution (left) and relative velocity distribution (right) 

for an airfoil which has been optimized using the ant 

colony optimization method. 
 

 
Comparison of the results of several optimizations 
conducted using genetic algorithm, ant colony 

optimization, and iterated local search methods. 

 


