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 For this project, I used a fan, a turbine model, and a different number of blades for each test. I used the fan to act as the wind's kinetic energy. As soon as I started the fan, I also started a timer for exactly 10 seconds to see how many times the wind turbine’s blades spun. After testing one type of blade, I moved on to the next blade, gradually increasing the number of blades. Then I recorded my findings after each test. 
The experiment was repeated 10 times for each blade amount to get an average of how many times the blades spin. After that, I observed what design had the most amount of spins. The design’s blades that spun the most will generate the most electricity and is the best model.

[bookmark: _czbkbba77u5g]What are the two types of windmills?

[bookmark: _31t7jw2b9zvn]The Horizontal Axis Wind Turbine (HAWT)
Horizontal-axis turbines are one of the most common types of windmills we see. They are very similar to propeller airplane engines. These 3 bladed giants are as tall as 20-story buildings, and their blades are around 100 feet long. The taller a turbine and longer the blades, the more energy a turbine can generate. 

The HAWT can sometimes be found in wind farms. Wind farms are large clusters of wind farms that generate tons of electricity.

[bookmark: _iu5d1eqz7e5f]Vertical Axis Wind Turbine (VAWT)
Vertical-axis wind turbines are the type of turbines we can find in residential areas. They can serve as a source of renewable energy for the community. The blades on the turbine are placed vertically to the ground, so they are perpendicular to the direction of the wind. One of the advantages of the VAWT is that it can function at lower wind speeds. 
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[bookmark: _1b0tl4yz0c6i]How does the mechanics of the HAWT work?
The mechanics of a Horizontal Axis Wind Turbine sounds complicated to understand but in reality, they are simple. The 3 blades on a wind turbine work to collect the wind's kinetic energy. This energy spins the blades in a clockwise direction. When the blades spin, they move the gears inside the gearbox along with it. 
	
The nacelle is what carries the gearbox and generator, it's also the part that connects the blades to the tower. This part is vital to the windmill as it provides a shell for most of the main components.

A rod connects from the gearbox to the blades of the windmill. Then the gearbox transfers the kinetic energy to the generator. The generator transfers this energy into electricity, then cables from the generator travel through the tower into the transformer carrying the electricity. 

	The transformer connects to the switchyard/grid. The switchyard/grid is the huge metal structures that carry electricity around the region. In conclusion, this is how the wind's kinetic energy can be turned into electricity and be carried around a specific region. 

[bookmark: _uw665oh8hhyg]How do the mechanics of the VAWT work?
	The Vertical Axis Wind Turbine was invented by an engineer named George Jeans Marie Darrieus in 1931. He designed this wind turbine to work from all directions. When the wind comes across the turbine, the blades spin along the central column. The central column spins the gearbox. The gearbox is connected to the generator. The generator turns the kinetic energy into electricity and transfers the electricity through cables onto the switchyard/grid.
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[bookmark: _smcgnm16drfw]How does the wind’s kinetic energy spin a windmill?
The science behind how the wind makes a windmill spin is similar to how wings on an airplane generate lift. Firstly, on every windmill, there is a wind vane at the top. This part sits on top of the nacelle. The wind vane shows which way the wind is travelling. This allows the nacelle to turn around to face the wind. The blades that are attached to the windmill also spin on their axis to generate maximum energy.

When wind blows on the turbine, the air pressure on one side of each of the blades decreases. This is because the air particles are moving much faster than the other side. Then, because of the low air pressure, the turbine spins in one direction. Depending on the wind speed the turbine spins at different speeds. A wind turbine can generate electricity from 11 kph to 90 kph, after 90 kph, wind turbines automatically stop due to safety issues.
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[bookmark: _4nh95gi18apm]Does the HAWT or VAWT work better?
	The HAWT and the HAWT both have pros and cons, but the HAWT is proven to work better. This is because the HAWT catches more air and can generate more electricity than the VAWT. The VAWT is much more suitable for urban/residential areas where there are low wind speeds and the wind is turbulent. 

The VAWT has many advantages over the HAWT, for example, the VAWT generator and gearbox are located near the bottom of the wind turbine. This provides easy access to maintenance issues. The HAWT on the other hand has to keep all of its equipment at the top of the tower.
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[bookmark: _h7otuhwkcoip]Hypothesis:
Two Blades Hypothesis: I hypothesize that the 2 blades will generate more electricity in lower wind speeds because of the reduced drag and its lightweight. I predict that the 2 blades will generate the 2nd most energy.
Three Blades Hypothesis: I hypothesize that the 3 blades will generate the most energy. This is because the drag and efficiency will be equally balanced. 
Four Blades Hypothesis: I hypothesize that the 4 blades will generate a bit more energy than the 5 blades. This is because the weight and drag will be too much compared to the force of rotation. 
Five Blades Hypothesis: I hypothesize that the 5 blades will generate the least amount of energy. Though the blades will catch more wind, the drag and weight will stop the blades from moving much. I predict that the five blades will generate the least amount of energy.
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[bookmark: _nvf09pjqqy6q]Observations:

	
	2 Blades
	3 Blades
	4 Blades
	5 Blades

	Test 1
	10
	14
	9
	13

	Test 2
	9
	13
	10
	13

	Test 3
	9
	12
	11
	12

	Test 4
	10
	12
	11
	12

	Test 5
	9
	13
	11
	12

	Test 6
	9
	14
	11
	12

	Test 7
	9
	13
	11
	12

	Test 8
	10
	14
	11
	12

	Test 9
	9
	14
	12
	12

	Test 10
	10
	13
	12
	12

	
	
	
	
	

	Average
	9.4
	13.2
	10.9
	12.2
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[bookmark: _evko0lrot6yd]Observations/Conclusion:
My hypothesis was correct. After observing that the 3 blades spun the most, we can understand that 3-bladed wind turbines are the most efficient and can generate the most electricity. Another observation I made was that odd-numbered blades worked better than even-numbered blades. The 3 and 5 blades did much better than the 4 and 2 blades. So I researched this theory. Odd-numbered blades can work better than even-numbered blades for 1 main reason, balance. It is important for the rotor on a windmill to be balanced or else different components may have tension.  
In conclusion, windmills with 3 blades work best, they are cost-effective and are the most efficient. To achieve energy production, we must take into account, the balance of a windmill, cost, and efficiency.
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[bookmark: _396p3nbhq3gl]Why windmills instead of fossil fuels?
Wind turbines come with great advantages over non-renewable sources. Wind turbines come in a group called renewable sources along with solar, geothermal and hydropower. Renewable sources are sources that are constantly being replenished. For example, there is lots of wind for wind turbines and tons of sunlight for solar power. These sources don’t pollute our environment with carbon dioxide when used. 

When we burn fossil fuels they produce tons of carbon dioxide that adds to our global warming crisis. This is bad for the environment and puts up many risks. 

Another reason we use wind turbines is because it is cost-effective. Wind turbines are one of the lowest-priced energy sources today. Fossil fuels take a lot of money to mine and then burn. In conclusion, fossil fuels are not the way to go because of cost, pollution and danger.
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