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WORKING WITH WATERWHEELS

Harnessing the Energy of Water!

Arizona Science Lab:

Institute Of Electrical And Electronic Engineers, Phoenix Section

Teacher In Service Program / Engineers In The Classroom (TISP/EIC)
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Our Sponsors

The AZ Science Lab is supported through very 
generous donations from corporations, non-
profit organizations, and individuals, including:
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Information Sources

ÅFor more information on renewable energy, 
waterwheels, simple machines, and related 
topics:

Åwww.Wikipedia.com

Åwww.mikids.com/Smachines.htm

Åwww.waterhistory.org

Åwww.youtube.com
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Noriasof Hama, Syria
Orontes river ~ 400AD



The Science and Engineering of 
Waterwheels

ÅHistory ςWaterwheels date back to 400 AD!

ÅEnergy ςRivers: Kinetic and Potential Energy

ÅSimple Machines ςThe Power of Leverage

ÅUsing Our Science Knowledge: Build a Waterwheel!

ÅToday: Capturing the River ςHydroelectric Power
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ENERGY
What is it?

Energy is the ability to do work.

Can you name some common forms of energy?



What is Energy?

Energy is the ability to do work
The food we eat contains energy. We use that energy to work 
and play.
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Energy can be found in many forms:

Chemical energy

Electrical energy

Thermal (heat) energy

Mechanical Energy
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Mechanical Energy has two forms:

Potential Energy (P.E.) ς
Stored Energy, The Energy of Position 

(gravitational)

Kinetic Energy (K.E.) ς
Active Energy, The Energy of Motion 

(motion of waves, electrons, atoms, 
molecules, and substances)
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Potential Energy ïP.E.

P.E. = mass Å force of gravity Å height

Unit of Energy - Joule
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Kinetic Energy ïK.E.

K.E. = İ Å mass Å velocity2

Unit of Energy - Joule
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Energy Conversion
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The Law of the Conservation of Energy

Energy can be neither created nor destroyed, 

but can change form.
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Does the 

lake 

contain  

Energy?



What is work?
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What is work?

Work is a Forceapplied over a Distance

It takes energy to do work:

Work = Force * Distance

Work is moving something!
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What is a Force?
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A Force is a push or a pull that 

changes the motion of an object. 



Two Natural Forces

Windmill

A windmill has a wheel that rotates 

by the force of the wind.

Waterwheel

A waterwheel has a wheel that 

rotates by the force of the water.
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How do Waterwheels work? 

ÅWaterwheels capture the energyof the flowing 
water.

ÅThe water exerts a forceon the buckets at the rim 
of the water wheel.

ÅThe magnitude (size)of the force is multiplied at 
the axle by leverage.

ÅThe axle force is transferredand used to do work.



Waterwheels and Early Applications

ÅBefore electric motors ςWaterwheels were a 
major source of power for many devices:

ïGristmills, or corn mills, grind grains into flour. These 
were the most common kind of mill.

ïSawmillscut logs into lumber to build structures.

ïOther devices operated by mechanical power.
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Gristmill (Or Corn Mill)

ÅA grist mill grinds grain into flour:
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A Sawmill

ÅA sawmill cuts tree trunks into lumber:
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Waterwheel Driven Saw Mill
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Renewable Energy

Where does all of the energy

on our earth originate from?
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Renewable Energy Sources

ÅWind energy can be used when available, 
but not always reliable.
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ÅSolar energy also can be used 
when available.

River energy can be easily 

diverted and stored.

Hoover Dam:

Colorado River

Lake Mead



Rivers Flow Downhill

ÅRivers start high in mountains and flow down 
to the oceans.

ÅGravitypulls the water down so it flows.

ÅThis flowing water has a lot of energy!
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The Energy of Flowing Rivers

But ς
Where Does the Energy Come From?

How does the water get to the top of the 
mountains?
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Hydrological or Water Cycle

This is Renewable Energy!
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Energy from Water

ÅThe flowing river: Kinetic Energyor energy of motion.

ÅA high lake: Potential Energyor energy of position.

ÅWater has potential energy due to its height 
(position).

ÅAs gravity pulls the water down to a lower position 
the potential energy is convertedinto kinetic energy.

ÅSo, water has both kinetic energy (flow) and potential 
energy (height).
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Rivers, Energy, and Force

ÅSome rivers have mostly just kineticenergy ς
a slow flowing river.

ÅOR some rivers have both potentialand kinetic
energy ςa lake and a waterfall.

ÅWaterwheels capture both forms of energy: 
potential (height) and kinetic (flow).
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Characteristics Of Waterwheels

ÅA largediameter wheel.

ÅBucketsspaced around the 
edge.

ÅAn axlethat connects to 
whatever the wheel is 
driving.

ÅA water supplyto turn the 
wheel.
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What Makes Waterwheels Work 
So Well?

ÅWe take the energyof the flowing river and 
multiply it so we can do work.

ÅThe forceof the water is multiplied by the 
large sizeof the waterwheel.

ÅThis is done using leverage.

ÅThe waterwheel is a rotating lever: 
one of the simple machines!



Simple Machines

ÅA simple machine is a mechanical device that changes 
the direction and/or magnitude of a force.

ÅThey use mechanical advantage(also called leverage) 
to multiply force. Simple machines make work easier!

ÅThe six classical simple machines:

Lever Inclined plane

Wheel and axle Wedge

Pulley Screw

ÅWe are most interested in the lever and the
wheel and axlemachines for the waterwheel.

11/29/17 V40 AZ Science Lab 36



The Six Simple Machines

Using these simple machineswe apply a: 
small force over a largedistance
to get a:
largeforce over a smalldistance.
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