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Arizona Science Lab:

WORKING WITH WATERWHEEL

Harnessing the Energy of Water!

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:

The Diane & Gary Tooker
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Information Sources

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

A www.Wikipedia.com

A www.mikids.com/Snachineshtm

A www.waterhistory.org

A www.voutube.com



http://www.wikipedia.com/
http://www.mikids.com/Smachines.htm
http://www.waterhistory.org/
http://www.youtube.com/

Noriasof Hama, Syria
Orontes river~ 400AD
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The Science and Engineering of
Waterwheels

A Historyc Waterwheels date back to 400 AD!
A Energyc Rivers: Kinetic and Potential Energy
A Simple Machineg The Power of Leverage

A Using Our Science Knowled@&eiild a Waterwheel

A Today: Capturing the RiveHydroelectric Power



ENERGY
What Is 1t?

Energy iIs the ability to do work.
Can you name some common forms of energy?

TYPES OF ENERGY
LIGHT HEAT CHEMICAL

KINETIC ELECTRICAL
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What is Energy?

Energy Is the ability to daork

The food we eat contains energy. We use that energy to work
and play.

Energy can be found in many forms:
Chemical energy

EMecharigal Energy

Thermal (heat) energy
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Mechanical Energy has two forms:

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

Kinetic Energy (K.E,)

Active Energy, The Energy of Motion
(motion of waves, electrons, atoms,
molecules, and substances)
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Potential Energy i P.E.
P.E. = mass A force of gravi
Unit of Energy - Joule
The more the bow is

pulled back, the greater
the potential energy.

The higher the ball,
the greater the
potential energy.
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Kinetic Energy T K.E.
K.E. = 1 A rmrass A velocit.y

Unit of Energy - Joule

Kinetic energy
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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.

A

1. Gravitational 2. Kinetic Energy 3. Elastic 4. Kinetic Energy
Potential Energy changes to Potential Energy  changes to
changes to Kinetic  Elastic Potential changes to Gravitational
Energy Energy Kinetic Energy Potential Energy
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Potential & Kinetic Energy
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Does the
lake
contain
Energy?




What I1s work?



What I1s work?

Workis aForceapplied over istance

It takes energy to do work:
Work = Force Distance

Work is moving something!



What Is a Force?

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?

AWaterwheels capture thenergyof the flowing
water.

AThe water exerts &rceon the buckets at the rim
of the water wheel.

AThemagnitude (sizedf the force ismultiplied at
the axle by leverage.

AThe axle force isansferredand used to do work.



Waterwheels and Early Applications

A Before electric motorg Waterwheels were a
major source of power for many devices:

I Gristmills orcorn mills grind grains into flour. These
were the most common kind of mill.

I Sawmillscut logs into lumber to build structures.

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

A A grist mill grinds grain into flour:

Flutme
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Cover ("vat™

Runner stone
Bed stone

Cwerzhat water wheel

Horizortal shaft

Grain In

Hopper

Meal Out

Spindle

Meal chest

— Small Trundle, or "lantern pinion" gear

n
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== Large face, or "crown gear-
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TRADER JOSE'S

TACO

SI-IELLS

CONTAINS 12 TACO SHELLS

i1
A o )
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A Sawmill

A A sawmill cuts tree trunks into lumber:

Log on carriage Saw and saw frame {or sazh, or gate}
I_Iumber

- — — — = |

B 'Pitman® or "syweep" arm

e

Reaction wheel

Tailrace
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Waterwheel Driven Saw Mill
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Renewable Energy
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Renewable Energy Sources

A Wind energy can be ysed when available,
{VRk SR SRR eas

diverted and stored.

v
-~ )y also can be used

p
o

R ble Hoover Dam:
| ol ‘%' . Colorado River
G, s Lake Mead
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Rivers Flow Downhill

A Rivers start high in mountains and flow down
to the oceans.

A Gravitypulls the water down so it flows.
A This flowing water has a lot ehergy
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The Energy of Flowing Rivers

ButC
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

ATheflowing river Kinetic Energer energy of motion.

A A high lake Potential Energer energy of position.

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

A As gravity pulls the water down to a lower position
the potential energy isonvertedinto kinetic energy.

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

A Some rivers have mostly jusiheticenergyc
a slow flowing river.

A OR some rivers have botlotential andkinetic
energyc a lake and a waterfall.

A Waterwheels capture both forms of energy:
potential (height) and kinetic (flow).

%
4
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Characteristics Of Waterwheels

A Alargediameter wheel.

A Bucketsspaced around the
edge.

A Anaxlethat connects to
whatever the wheel is
driving.

A Awater supplyto turn the
wheel.
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What Makes Waterwheels Work
So Well?

AWe take theenergyof the flowing river and
multiply it so we can davork.

ATheforce of the water is multiplied by the
large sizeof the waterwheel.

AThis is done usingverage

AThe waterwheel is a rotating lever:
one of thesimple machinés




= Simple Machines

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

A They usenechanical advantag@lso calledeveragé
to multiply force. Simple machines make work easier!

A The six classical simple machines

Lever Inclined plane
Wheel and axle Wedge
Pulley Screw

A We are most interested in théever and the
wheel and axlanachines for the waterwheel.
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The Six Simple Machines

Using thesesimple machinesve apply a:
smallforce over alargedistance

to get a:
large force over asmalldistance
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