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Due: Th. May 5th 
 

Water and wind turbines 

The energy extractable from natural flows (wind, water) on Earth is best 
understood with Bernoulli’s equation 

½ v2 + g⋅h + p/ρ = ct. (for incompressible fluids) 

In free flows (wind, free-running rivers) we extract kinetic energy component only. 
In dam hydro, the extractable energy is given by (equivalently) either the potential 
energy term at the top of the dam or the pressure term at dam base. 

For comparing the energy density of different fluids, engineers sometimes convert 
to units of  “effective head” – the height of a dam behind which water would have 
the same energy density as the fluid.  

Problem 1 – Energy densities of flows 

Calculate both energy density (in J/kg) and the effective head (m) of several fluids 
from which we might want to extract energy. 

A. Water behind the Hoover Dam on the Colorado River, the dam that forms 
Lake Mead, the second highest in the U.S. at 726.4 feet (221.4 m). When 
constructed in 1935 this was the largest concrete structure in the world. 

B. Water behind Croton Dam on the Muskegon River in Michigan, still a working 
powerplant, at 12 m height. 

Croton Dam, Muskegon River, MI     Hoover Dam, Colorado River, AZ/NV border    
Photo: Gray Drake Lodge website    Photo: Wikimedia Commons 

 
C. Water flowing in the Mississippi River, near New Orleans at its end, flowing at 

a speed of 3 m/s (the fastest rate along the river).  

D. Water at the headwaters of the Mississippi at 1.2 m/s 



E. Wind at a normal wind speed for wind turbine operation, 10 m/s. (Here be 
careful when you compute the effective head– the effective head is the dam 
height for water that would have this energy density. Remember that you 
don’t need to worry about the pressure term for wind so the fact that air is a 
compressible fluid doesn’t affect this problem).  

F. D.  What is the ratio of the head of Hoover Dam to the effective wind head 
derived in 1E? That ratio tells you how much more power you can get from a 
big hydro turbine than from a wind turbine of similar size. 

Ponder the implications. We said in class that there’s a lot of potential wind 
energy available. But it’s going to take a lot of turbines to collect it, if we 
want wind to be a significant part of our energy use. (No writing anything 
here, just ponder). 

 

Problem 2 – Implications (Optional) 

A. Compare the energy densities calculated above with the energy densities you 
calculated in Problem Set 2. How close are hydro and wind energy densities 
to that of a battery? Of gasoline? 

B. Consider rates of fluid consumption. You car burns gasoline to turn chemical 
energy into kinetic energy to turn the drivetrain. In highway driving you 
consume about 2 gallons of gasoline every hour. Now imagine you powered 
your car via hydro instead. Imagine you have an electric car and charge your 
battery with energy generated from a hydro turbine.  

In order to drive for an hour, how many gallons of water per hour would you 
have to let flow through the hydroelectric plant, if you’re getting power from 
Hoover Dam?  

C.  How many gallons would you have to let flow, if you’re getting power 
from Croton Dam? 

 

Problem 3 – Hydro virtual tour 

A. Watch this video of the differences between the three turbine types. 
Comment on at least one interesting thing you observe. 

http://www.youtube.com/watch?v=HzQPNpP55xQ  

B. Watch this video of the Three Gorges Dam hydro project. Comment on at 
least one interesting thing you observe. 

http://www.youtube.com/watch?v=tjTh7A4jnbc 


