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Objective: Develop and validate bio-inspired airfoil
designs based on albatross bird for wind turbine blades.
Goals:
• Increase torque output.
• Reduce mechanical stress.
• Enhance energy capture for residential and commercial

use.
Methods:
• Test albatross airfoil blades via wind tunnel testing.
• Additive manufacture of blades for full-scale testing

and validation
• Compare performance with simulation data.
Outcome: Demonstrate how bio-inspired designs can
lead to more efficient wind energy systems.
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Preliminary Research
• Explored multiple ways to improve adaptiveness

surface texture, and geometry of wind turbine blades.
• Used university resource articles and client guidance

from previous bio-inspired airfoil simulations.
• Albatross airfoil selected for favorable aerodynamic

performance, aligning with the client’s findings.
Our Research Focus:
• Focus is to improve aerodynamic efficiency in small

scale wind turbines for residential and commercial
buildings.

• Research was done through simulation validation,
additive manufacturing of complex geometries, wind
tunnel testing, and full-scale testing.

Simulations

Research

Initial Concept:
• Began with adaptive wind turbine blades but shifted 

focus after evaluating feasibility.
• Moved to bioinspired designs, specifically the 

albatross, due to its ability to glide long distances 
with minimal energy. 

Albatross-Inspired Design:
• The albatross wing was chosen for its aerodynamic 

efficiency, making it ideal for wind turbine 
applications. Three blade types were developed: 
o Base albatross blade: Modeled directly based on 

literature from our client. 
o NACA 4412 tapered blade: A standard airfoil shape 

and turbine taper for comparison.
o Albatross-inspired blade: Modeled with a similar 

taper for fair comparison of airfoil geometries. 
Modeling and Comparison:
• Focused on matching surface areas between the 

NACA 4412 and albatross-inspired blades to enable 
an accurate comparison of aerodynamic performance. 

Wind Tunnel Full Scale

Full Scale

• Scaled sweep diameter 
sized to avoid wind 
tunnel blockage.

• Wire setup configured 
to torque sensor and 
generator for data log.

• Full-scale assembly 
uses manufactured 
stand, off-the-shelf 
generator, and SLS-
printed blade 
sections snap-fitted 
and epoxied for 
strength.

• Flow simulations visualize aerodynamic efficiency, showing wake dynamics and velocity. Differences in 
flow patterns highlight blade performance and the resulting torque and thrust can be compared

• Tapered Albatross generates 
highest average and max power, 
with faster power development.

• High resistance resulted in low power. 
Low wind speed differences create 
relatively large increases in output.
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