I I I E M I L L From Water Wheels to Wind Turbines 2,200 YEARS OF HISTORY GEARS, CAMS & GOVERNORS POWER FORMULAS INSIDE

Watermills - Windmills - Textile Mills - Modern Mills - full history + how they work
WHAT IS A MILL? — THE 2,000-YEAR MACHINE WINDMILLS — HOW THEY WORK MILL MATH — QUICK REFERENCE

ENERGY SOURCE

water flow - wind - steam

ROTATION

wheel or sails, 10-20 rpm

GEAR TRAIN

speed x8-15, torque down

TOOL

stones - looms - rollers - turbine

TIMELINE — 2,200 YEARS OF MILLS GLOSSARY — 28 KEY TERMS

Milestone

Year

Quern Hand-millitwo stones, Fantail Auto-steeringvind

~200 BCE Rotary quern hand-mills spread across Europe - two stones, one turned by a handle. upperturnedby handle wheel (1745)
Runner stone Rotating upper Common / patent Canvas vs shutter-type
~300 CE Barbegal, France : 16 overshot wheels in 2 rows power Rome's biggest industrial flour plant (~25 t/day). millstone sails sails

1086 Domesday Book counts 5,624 watermills in England alone - ~1 per 350 people.

E C hole wh
GEARS & MECHANISMS — THE ENGINEERING CORE Undershot] | Water his below  (op

overshot of the wheel
12th c. Post mills appear - the whole body pivots on a central post to face the wind.
Pit wheel Large vertical gear on

wheel axle Vertical drop of water
available

1550s Cam-driven trip hammers & metal gears turn mills into proto-factories (ore crushing, fulling).

1764 Hargreaves' spinning jenny - 8+ spindles per spinner. Great spur wheel  Horizontal gear driving
stone nuts Fulling Beating wool to felt it
1779 Crompton's spinning mule - up to 1,000+ spindles. (trip hammers)
L . . R Lantern gear Cylindrical stave gear -
1807 Fourdrinier paper-making machine - continuous paper rolls.

cheap & forgiving Governor Auto speed control -
first feedback device

1887 First wind turbine for electricity (Blyth, Scotland).

Windshaft Main axle carrying the
sails Betz limit Max 59.3% of wind

Today 3-blade HAWT wind turbines & Francis/Kaplan hydro turbines; roller mills make >95% of world flour. energy capturable

WATERMILLS — HOW THEY WORK Cap Rotating roof of
tower/smock mills Pelton / Francis /  High / medium /
Kaplan low-head turbines

TEXTILE MILLS — THE INDUSTRIAL REVOLUTION QUICK-FIRE QUIZ — 12 REVISION QUESTIONS

Question Answer
Which water wheel type is most efficient? Overshot (70-85%) - gravity does the work

Who invented the water frame (1769)? Richard Arkwright - first factory machine

What did the fantail (1745) automate? Turning the cap into the wind - first feedback device

How water hitsthe wheel Efficiency

Undershot Flat blades dip into the stream below - simplest, works in low-head/high-flow 20-30% Which gear design is the oldest? Crown gear - described by Vitruvius, 1stc. BCE

rivers
How fast do millstones spin? 100-150 rpm (wheel itself: 10-20 rpm)

Pitchback Water enters at the top but turns the wheel backwards (self-cleaning buckets)

What drained the Dutch polders? Windmills driving Archimedes screws (~17% of NL)

Poncelet Curved blades, undershot position, redirects flow for extra push 50-70%

MODERN MILLS — SAME CHAIN, NEW POWER

FUN FACTS

THE MILL - all-in-one reference poster | sources: Vitruvius, Domesday Boo
A3 landscape print | body text 6.8pt |

ncyclopedia Britannica, one chain: capture energy -> rotate -> gear up -> do work
Id script: ~/.hermes/scripts/mills_poster_build.py
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