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WHY DO WIND TURBINE BLADES MOVE IN THE WIND?

There are two important reasons why wind turbine blades are able to spin in 
the wind: Newton’s third law and the Bernoulli’s principle.

1. �Newton’s third law states that for every action, there is an equal and
opposite reaction. In the case of a wind turbine blade, the action
of the wind pushing air against the blade causes the reaction of
the blade being deflected, or pushed. If the blade has no pitch (or
angle), the blade will simply be pushed backwards (downwind). But
since wind turbine blades are set at an angle, the wind is deflected
at an opposite angle, pushing the blades away from the deflected
wind. This phenomenon can be viewed on a simple, flat blade set at
an angle. If you push the blade with your finger from the direction of
the oncoming wind, the blade will deflect away from your finger.

2. �Bernoulli’s principle tells us that faster moving air has lower pressure.
Wind turbine blades are shaped so that the air molecules moving 
around the blade travel faster on the downwind side of the blade than 
those moving across the upwind side of the blade. This shape, known as
an airfoil, is like an uneven teardrop. The downwind side of the blade
has a large curve, while the upwind side is relatively flat. Since the air is moving faster on the curved, downwind
side of the blade, there is less pressure on this side of the blade. This difference in pressure on the opposite sides 
of the blade causes the blade to be “lifted” towards the curve of the airfoil.

You can do a simple experiment to demonstrate Bernoulli’s principle. 
Take two small pieces of paper and fold them slightly in the middle. Hold 
the two pieces of paper in your hands so that the outside creases of the 
folds are facing each other. Then blow air in between the two pieces of 
paper. When you blow air between the papers, would you expect them to 
push apart or pull together? Were you surprised?

When you blow air between the papers, the speed of the air is higher 
between the two pieces of paper than outside thepapers. Bernoulli’s 
principle tells us that this higher velocity will lead to a lower pressure 
between the papers. That is why the papers are sucked in towards  
each other!

IMPORTANT CONCEPTS IN WIND TURBINE BLADE DESIGN

Wind turbine blades must be optimized to efficiently convert oncoming winds into mechanical energy to rotate the main 
driveshaft. But in the design of turbine blades, the real wind is only one part of a larger equation; good blades must also 
account for the apparent wind that is experienced as the blade passes through the air.
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Imagine riding your bike with a fresh breeze at your side. As you 
begin to ride and pick up speed, you feel this wind from the side, 
but also wind pushing back at you from the direction in which you 
are moving. When you stop riding, there is just the wind from the 
side again. This wind that is “created” as you are moving is known 
as headwind. The headwind, combined with the real wind, is known 
as apparent wind. A wind turbine blade encounters apparent wind 
as it passes through the air. This apparent wind is from a different 
direction than the “real” wind that has caused the blade to begin 
moving. Since the tips of large turbine blades may be moving 
through the air at speeds up to 322 km/h (200 mph), this apparent 
wind can be very significant!

The efficiency of a wind turbine blade depends on the drag, lift, and 
torque produced by the blade. These factors are affected by the size 
and shape of the blades, the number of blades, and the blade pitch.

What is drag?

Drag, or air resistance, is a force that is working against the blades, causing them to slow down. Drag is always important 
when an object moves rapidly through the air or water. Airplanes, race cars, rockets, submarines, and wind turbine blades 
are all designed to have as little drag as possible.

Imagine riding your bike down a big hill. To go faster, you might tuck 
your body to expose as little of it to the apparent wind as possible. 
This is a trick to reduce drag. Now imagine you have a big parachute 
strapped to your back when you ride down the hill. The parachute 
increases the drag significantly and this drag force slows you down. 
But you would sure be happy to have all that extra drag if you were 
jumping out of a plane!

Drag increases with the area facing the wind; a large truck has a lot 
more drag than a bicyclist moving at the same speed. Wind turbine 
blades have to be streamlined so they can efficiently pass through 
the air. Changing the angle of the blades will change the area facing 
the apparent wind. This is why blade pitch angles of 10 degrees to 
20 degrees tend to have much less drag than greater blade pitch 
angles.

Drag also increases with wind speed. The faster an object moves 
through the air, the more drag force it experiences. This is especially important for wind turbine blades, because the 
blade tips are moving through the air much faster than the base of the blade. The shape and angle of wind turbine blades 
changes along the length of the blade to reduce drag at the blade tips.
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What is lift?

Lift is the aerodynamic force that allows airplanes and  helicopters 
to fly. The same force applies to the blades of wind turbines as they 
rotate through the air. Lift opposes the force of drag, helping a turbine 
blade pass efficiently through air molecules. The main goal of a well-
designed wind turbine blade is to generate as much lift as possible while 
minimizing drag.

The amount of lift a blade or wing can generate is determined by 
several factors—the shape of the blade, the speed of the air passing 
around the blade, and the angle of the blade relative to the apparent 
wind.

The airfoil shape of the blade helps to generate lift by taking advantage 
of Bernoulli’s principle described above. Wind turbine blade designers 
have experimented with many different airfoil shapes over the years in 
an effort to find the perfect shape that will perform well in a range of 
wind speeds. Even minor changes in this blade shape can dramatically 
affect the power output and noise produced by a wind turbine. To get some ideas about different airfoils used in airplane 
wings and wind turbine blades, research the United States National Advisory Committee for Aeronautics (NACA). This 
group was responsible for designing a wide range of airfoils in the 1940s.

The airfoil profile (shape) of a turbine blade will actually change along the length of the blade, generally getting flatter 
and narrower toward the tips of the blades. This is to optimize the lift and minimize drag. The faster the blade is moving, 
the more drag it encounters, but the lift force will also increase as the blades move faster.

The tips of wind turbine blades travel much further with each rotation of the blades, and therefore move through the air 
much faster than the roots of the blades. Since they are traveling the furthest distance with each rotation (distance/time 
= speed), the tips of turbine blades encounter more resistance or drag. The roots, or bases, of the blades do not encounter 
as much drag because they are passing through the air much more slowly.

The faster the air molecules pass over a blade or wing, the more lift can be generated. So the tips of real turbine blades 
generate much more lift than the roots. Some large wind turbines have blade tip speeds over 322 km/h (200 mph)!

The angle of the blade relative to the plane of rotation of the blades is known as the pitch angle. The angle of the blade 
relative to the wind is called the angle of attack. The angle of attack is very important, but also complicated because it 
will change as the wind speed changes and the speed of the blade changes. 

Commercial wind turbine blades typically have a twisted pitch—meaning the blade angle is steeper at the root of the 
blade and flatter further away from the hub. Once again, this is because the tips move so much faster through the air. 
Because of the twisted pitch, the blades are able to take advantage of a more ideal angle of attack along the length 
of each blade. The tips of a real turbine blade may have close to a 0 degree pitch angle, but this section of the blade 
generates a great deal of lift.
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What is torque?

Torques produce rotation. When you use a wrench on a bolt or twist a 
screw loose with a screwdriver, you are generating torque. If you are 
trying to turn a wrench, sometimes you need a lot of torque to loosen a 
tight bolt. Wind turbine blades are like big levers—but instead of being 
turned by muscles, they are turned by the force of the wind.

Torque is equal to the force applied to the wrench multiplied by 
distance the length of the wrench. This means that the longer your 
blades are, the more torque you can generate. For example, imagine 
you are trying to loosen a tight bolt. Pushing with all your might, you 
can exert 100 pounds of force. If your wrench was 1 foot long, you 
would be exerting 100 pound feet of torque. If you applied the same 
force to a 2 foot long wrench, you would then be exerting 200 pound 
feet of torque on the bolt. This additional torque makes it much easier 
to loosen the bolt!

On a commercial wind turbine, the long blades of the turbine generate lot of torque to the generator. Utility-scale 
wind turbines often have large gearboxes that increase the RPM of the rotor by 80 or 100 times. This big gear reduction 
demands a lot of torque from the blades. Think about riding your bicycle— when you shift into a higher gear, it may be 
harder to pedal. A higher gear ratio demands more force which generates more torque.

Various load devices that you try to power with your wind turbine may require more torque as well. A simple illustration 
of this is to use your model turbine to power a small LED light bulb and a small incandescent light bulb. (Incandescent 
Christmas tree light bulbs work well.) The LED bulb does not require much torque, so small turbine blades will generally 
work. The incandescent bulb, on the other hand, requires a lot more amperage to light up, so more torque is needed from 
the blades. Very small blades may not work under a load like an incandescent bulb or a small water pump.

Increasing the torque generated by your blades also often increases the drag they encounter as they rotate. For example, 
longer blades will generate more torque and more drag. Increasing the blade pitch will generally increase the torque and 
increase the drag. Increasing the number of blades will generally give you more torque and more drag. For this reason, it 
is important to design your blades to match your load application. If you are using a windmill to lift a bucket of weights, 
a slowly spinning rotor that generates lots of torque will be best. A turbine with a large gear ratio will also need a lot of 
torque. But if you are using a direct drive turbine to light a string of LED bulbs wired in series, you will need a rotor that 
spins very rapidly with very little drag.

Real wind turbine blades are optimized to generate a lot of torque and lift with very little drag. This is not an easy task! 
Wind turbine blade engineers have degrees in aeronautical engineering and expensive computer software at their 
fingertips. But by understanding the relationship between torque, drag, and lift, you can design some great blades with 
simple materials.
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DESIGNING ADVANCED WIND TURBINE BLADES

Wind turbine blade variables to explore:
• blade shape
• blade size
• number of blades
• angle (pitch) of blades

Curved or twisted pitch blades

Many modern wind turbine blades have a twisted pitch. At the root of the 
blade (near the hub), the pitch may be close to 20 degrees from the plane 
of rotation. The pitch will flatten along the length of the blade so the tips 
are close to 0 degrees. This is a great way to reduce the drag encountered 
by your blades, while also maintaining the length needed to generate  
more torque.

You can design twisted blades by bending corrugated plastic or cardboard 
into a twisted shape. Remember that you want more pitch near the hub, 
and almost no pitch at the tips. One trick is to get chipboard wet, then curve 
it into the desired shape and hold it in place until it dries. It will hold this 
curved shape when it dries.

You can also make some great twisted blades by cutting blades out of a 
cardboard poster tube. If you cut a triangle shape into the cardboard tube, 
the resulting curved triangle will make a great turbine blade!

Airfoil blades

Well-designed airfoil blades will greatly reduce the drag encountered by your blades, while also generating more lift! 
Remember that the airfoil shape is like an asymmetrical teardrop. One side is relatively flat, and the other side has a 
tapered curve.

On a turbine blade, the curved side faces downwind. The real wind will hit the turbine blade on the flatter side. This way, 
as the turbine starts to rotate, lift is generated on the backside of the blade which “pulls” the blade efficiently through  
the air.

Making your own airfoil blades can be very interesting and challenging. Try a few different designs and you will find that 
they perform much more efficiently than a flat blade. Here are a few ideas to get you started in designing airfoil blades:

• Shape a wet piece of chipboard. Bend chipboard into an airfoil shape.

• �Attach a curved surface to flat surface: Start with a flat piece of corrugated plastic, or balsa wood. Tape a piece of card
stock or thin flexible plastic to one side, to act as the airfoil shape.

• Use airfoil shaped balsa wood or Styrofoam designed for model airplane wings

• blade material
• airfoil shapes
• twisted pitch blades
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