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Introduction
Less than a decade ago, many geopolitical analysts warned that the Arctic had 
all the making for great-power rivalry comparable to the Cold War. However, 
movement has gone a more peaceful route, and the overwhelming majority of 
Arctic resources fall within accepted national boundaries. Regardless of current 
geopolitical standing, measures are currently being taken to expand Arctic 
capabilities in defense of the United States regional interests. This expansion 
involves the development and adaptation of new and existing technology 
to Arctic conditions. The goal of this project was to apply a mathematical 
modeling method to streamline the development of wind turbine blade 
geometry for application in these Arctic conditions. 

Project Overview
The goal of this research was to apply Blade Element Momentum Theory (BEM), which is 
the process of designing individual sections of the turbine blade based on wind data in the 
region. This method, combine with Dr. Kyoungboo Yang’s method for linearization, is used 
to balance ease of manufacturing with performance. 

Developing the wind turbine blade geometry for Arctic conditions is a small portion of a 
larger project, Modular Microgrids in Cold Regions funded by the Department of Defense, 
Cold Region Research and Engineering Laboratory. A micro grid is a system of power 
generation methods cut off from mainline distribution, specifically a system that has 
self-sustaining power of limited capacity. The focus of development of tactical microgrid 
technology is to enable a mobile platform of renewable energy technology for use in the 
tactical environment. 

Project Timelines



Project Results
The focus of this project has been to develop a mathematical model based on BEM Theory 
while applying the principals of linearization to the chord length along the blade span. The 
chord length, the thick blue line representing the length of the airfoil profile, is mathematically 
adjusted to find a “sweet spot” between performance and manufacturability. 

The graph below represents the new geometry after applying linearization to the model. 
The orange line would be the profile of the turbine blade at maximum performance, and 
the blue line shows post linearization data.

Following the completion of these calculations, a 3-D SolidWorks model was developed to 
manufacture a prototype 3-D printed blade using a method known as stereolithography. 
hown below is the computer aided drawing (CAD) model of the prototype wind turbine blade. 



Importance of Renewable Energy Research
It is no secret that the Earth has a limit to the resources available. In recent years 
more funding has been invested into research and development of renewable 
energy technology. Some examples of the products of the research include wind 
farms, solar farms, and hydroelectric dams. The need for modernized versions 
of existing technology is apparent and must be a focus for scientists around the 
world. Tactical microgrid systems are currently being researched and applied 
in environments where access to more traditional power generation methods 
is difficult and long-term sustainability for continued and future operations is 
needed.

Future Work
Before the prototype is ready to scale to a full system model there are a few 
remaining steps that need to be completed. The internal mechanical systems, the 
gears, and shafts that are used to transfer power from the blades to an output 
shaft need a ground up redesign. This is a result of over-engineering during the 
initial design phase where components were designed for much less realistic 
wind speeds than probable. This resulted in overweight gears and shafts that are 
too heavy to be turned by the redesigned wind turbine blade. A simple task is to 
reduce the sizing of the gears and shafts, while also changing materials for the 
prototype to light the gears and bearings in the system. 
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