Discovering Wind Turbine Height
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Method 1: Shadows and Similar Triangles





Method 2: Perception and Proportions



Method 3: Mirror Measuring  


NAME ____________________________
Indirect Measurement
Object _________________________        Method_________________________

Estimated Height _________________   Actual Height______________________

Show your work!

Compare your estimated height to your actual height. ____________________________________________________________________________________________________________________________________

What are some of the possible errors in your actual height calculation? ____________________________________________________________________________________________________________________________________________________________________________________________

NAME ____________________________
Height Problems
1. You are helping Jenny find the height of a wind turbine in Texas.  The sun is high in the sky and the shadow of the wind turbine only measures 27 feet 9 inches (for hub height).  Jenny’s shadow measures 1 foot 3 inches, and Jenny is 5 foot 6 inches.  How many feet and inches tall is the wind turbine?

a. If this particular wind turbine has a rotor diameter of 58 feet, how tall would the total height of the wind turbine be? 
2. You are helping George find the height of a wind turbine.  You decide to use the “perceptions and proportions” method because you don’t have a measuring tape or string, but you do have a yardstick.  You know George is 6 feet 3 inches and you tell him to stand next to the wind turbine.  You back away and hold the yardstick straight out.  You see that George takes up 2 inches on the yardstick, and that the wind turbine takes up 33 inches.  How many feet and inches tall is the wind turbine?
a. If this particular wind turbine has a rotor diameter 1/3 of its height, how tall would the total height of the wind turbine be in feet and inches?

3. While looking down into a mirror you can see the hub of a nearby wind turbine.  You have a friend help you measure the distance from you to the center of the mirror and find that it is 2 feet 2 inches.  You then measure your eye level height and find that it is 5 feet 3 inches.  You also measure the distance from the mirror to the base of the wind turbine and find that it is 47 feet 4 inches.  How tall is the hub height of the wind turbine in feet and inches?

4. There is a fence that runs right next to a wind turbine.  You know that the fence is 8 feet tall.  Using a yardstick, you back away and perceive the height of the fence to be ¾ an inch, and the wind turbine to be 27 inches.  How many feet tall is the wind turbine?

5. You measure the shadow of a wind turbine to be 164 feet and 4 inches.  At the same time of day, the shadow cast by a 3-foot tall yardstick is 1.7 feet.  How many feet and inches tall is the wind turbine?

6. Which of these two methods do you think is more accurate? Why?

7. Name at least one reason why each method might not be perfectly accurate.

ANSWERS:
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4. [image: image12.png]- % t = 3456 inches = 288 feet 0 inches




5. [image: image14.png]290 feet 0 inches





6. Answers will vary.
7. Answers will vary.
Background Information





Tower height varies according to wind turbine models, but generally ranges from 50 to 140 feet for small wind turbines and from 160 feet to 260 feet for large wind turbines. In general, the higher the tower, the greater the energy output will be.  Also, the larger the tower is the larger the blades will be; which in return, will create a greater energy production.  


The above mentioned ranges were for hub heights, which is the measurement of the height from the base of the tower to the middle of the hub. However, wind turbines total height is much greater than their hub height.  The blades on towers can add anywhere from 10 feet to well over 100 feet to the overall height of the wind turbine.








Directions


If you have seen a real utility-scale wind turbine, you know that they are REALLY TALL! But how tall are they exactly? Of course no measuring tape is long enough to reach the top of a wind turbine, so if you want to find the height, you’ll have to use another method.





We can measure the height of a tall object pretty accurately using proportions.  If you don’t have a wind turbine nearby to try this out on, you can also use these methods to measure trees or other tall objects.





Make sure you have the necessary materials and follow the instructions outlined for each method.  Also, fill in the worksheets as you go along.  Good Luck!








Did You Know?


The Largest turbine model is the Enercon E-126.  It has a hub height of 443 ft, rotor diameter of 413 ft, and a total height of 650 ft.  That is almost two football fields high!  This turbine can generate up to 7 megawatts (or 20 million kWh) per year. That’s enough to power about 1,776 American homes for a year!    





Instructions:


Measure the length of your shadow.


Measure the length of the shadow of the wind turbine. (This is where the long string comes in handy!)


Measure your height (if you don’t already know it).


Set up the proportion of similar triangles to find the height of the wind turbine as demonstrated below.











Materials:


Measuring Tape


Calculator


Long string (to help measure long distances)


Sunshine! (you’ll be using shadows so you need a sunny day)


A partner to help measure





Your height





Shadow of windmill





Your shadow





h  = height of windmill
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Materials:


Yardstick


Calculator


A partner to help measure





Instructions:


Have your partner stand at the base of the tower.


Extend your arm out straight, hold the yardstick vertically, and close one eye.  Back up until the height of the wind turbine fits on the yardstick. (It doesn’t have to take up the whole yardstick; it just needs to be measurable.)


Without moving, look from the bottom of the tower to the top of the tower and note the number of inches the turbine fills up.


Again, without moving, note how many inches your partner fills up.


You can now move! If you don’t already know the height of your partner, measure how tall he or she is.


Now set up proportions as shown below and solve for the wind turbine’s height.








h = height of windmill





Perceived height of windmill





Perceived height of partner





Partner’s height
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Distance from wind turbine to mirror





Distance 


from you to mirror





Eye level height





h  = height of windmill





Instructions:


Put a sticker or a piece of tape in the middle of the mirror.


Place the mirror on the ground a few feet away from the wind turbine.  (The actual distance away will be measured later.)


Stand on the opposite side of the mirror and look down at the mirror.


Back away (or move closer) from the mirror until the sticker on the mirror is in the middle of the reflection of the wind turbine hub. Don’t move.


Have a partner, measure the distance from you to the center of the mirror.  (You can now move.)


Help your partner measure the distance from the center of the mirror to the wind turbine and from your eyes to the ground.


Now set up proportions as shown below and solve for the wind turbine’s height.








Materials:


Measuring Tape


Mirror


Sticker or tape


Calculator


A partner to help measure








