Landels

Chapter 2: Power and Energy Sources

· 1 gallon of gas = work of 90 men = 9 horses for 1 hr

Man-Power

· Can lift 20-80lb

· Load has to have proper dimensions for multiple people to be able to lift it if it is heavier than that

· Important devices: capstan or windlass, treadmill

· Greeks/Romans did not discover the crank as a replacement for a windlass (the main advantage is speed)

· A crank is not advantageous when speed is not important – its force varies during the revolution, is weakest at “2 & 8 o’clock”

· The treadmill provides a good, continuous source of power
Features:

· Torque easily adjusted by operator shifting position on the wheel

· Mobility

· Few suitable reliable power sources available, until steam & electricity are used

· Man-Power also used for ship propulsion

Animal Power
· Horses predominantly used in Northern Europe
· Oxen in Greece
· Hippeus, zeugites, tethrippotrophon are words related to either horses or oxen
· Oxen slower, uglier, but cheaper to feed, could serve as food (Greeks/Romans did not eat horse meat)
· Main + of a horse: speed, used in chariot racing & warfare
· Mules are in the middle: not as strong or slow as oxen, not as expensive as horses
· Another problem: horse harness
· Animals not used in milling until I CE.
· Strange invention: ship propelled by oxen (p. 16 for picture)
Water Power

· Not used until I BCE, perhaps because few rivers in Greece/Italy maintain steady flow rate during dry season
· Main sources: Vitruvius, describes undershot wheel; Antipater of Thessalonika, alludes to overshot wheel in an epigram
· Three basic types: vertical-shaft, undershot, overshot
· Vertical-Shaft:
· Need drop of 3m beside the wheel for water to gain speed
· No need for gears, thus it is assumed it is the most primitive wheel and has been developed first
· Milling may not have been the first application of waterwheels
· Undershot:

· Turned by flowing water
· ~1/20 hp, at 22% efficiency
· Works by slowing water down, thus a bigger wheel will develop more torque
· No pit is needed
· Overshot:

· Turned by water falling on the buckets on the wheel
· Well ahead in power output & efficiency
· ~0.5 hp, with a theoretical output of 2 hp, but need a sizable and fast-moving river for these results
· 60-70% efficiency
· Has a min. working speed, below which efficiency falls sharply as water begins to spill and overflow, etc
· Gearing systems for under/overshot wheels are two crown wheels, mentioned by Vitruvius. A later development is the wheel & pinion (p. 24)
· Waterwheels used for raising water & milling grain, perhaps to saw stone? (Ausonius mentions it in his poem, p.25)
Wind Power

· Used for sailing, but not for milling, strangely enough
· Hero’s machine uses wind power to power an organ (p. 27), windmill has two rods that hit a rocker arm which holds a piston on one side – a crude substitute for the cam
Steam Power
· Hero’s “steam engine”, p.28 for picture
· Steam builds up in cauldron, exits through pipe into a hollow sphere with two small pipes coming out of the opposite sides. Pipes are angled as to accelerate the sphere. 

· Could potentially attain 1500 rpm (may have been the most rapidly rotating object in the world!)

· Failure to combine a boiler, valves, pistons and a cylinder into a real steam engine

· Perhaps Hero blew himself up in the process of making one or was freightened off the idea

· Lack of high quality fuel may be another factor, charcoal and wood are the main fuels, coal is seldom used (except for in Britain)

Chapter 2: Water Supplies and Engineering
· Vitruvius devotes a whole book to this subject

· It was known that sun affects water detrimentally (Vitruvius states that it evaporates the purest particles), and that water at rest also gets polluted faster, therefore water from marshy sites is unsuitable for drinking

· Conversely, it was thought that freezing water also makes it dirtier (ice is not transparent but cloudy)

· Searching for a water supply: searching for water vapor, best done at sunrise. Plant-life another good indicator.

· Types of soil in which water can be found, according to Vitruvius (in ascending order of merit): clay, loose gravel, peat, gravelly soil & sharp sand, red sandstone rock, at the foot of the hill, i.e. among hard rocks. 

· A metal basing placed upside down and smeared with oil will show droplets of water clearly. This indicates a good location for a well-shaft. Can also use an unfired clay pot (which would go soft), a woolen fleece, an oil lamp.

· Good hillside spring sources in Italy/Greece: Appenine foothills in Italy, range between Attica and Boeotia and the hills of the Argolid in Greece.

· Two possible conduits: open (channel) or closed (round waterproofed pipe). Usually, systems are either fully open or closed. Conduits can go up and down as long as they don’t rise above the source.

· Hills intervening:  can either build around or make a tunnel

· Building around: three drawbacks: requires a lot of material & labor, exposed to pollution, vulnerable to enemy attack

· Tunneling: usually the tunnel is straight with vertical shafts from the surface at intervals of 35.5m. Shafts make it easier to ensure the tunnel meets the proper gradient and they also ease maintenance. Additionally, they release pockets of air-pressure.

· Famous tunnel: in Samos, hill is 300m high, tunnel is 1100m long.

· Up to 2m over ground level, a substructio is used (p. 40)

· Above that, arches are used, arcuatio .

· Most extended water channels first run underground. Aqua Claudia at Rome, although 57km long, only has the last 1/7th on arches

· Arches were built to 21m in height, above that a second tier was made. 

· Segovia in Spain still uses a Roman aqueduct for a part of its water supply! (max height = 50m)

· Pont du Gard = 54.8m. 

· Although pipes are less expensive, they are much more difficult to construct and maintain. An aqueduct can be inspected and cleaned regularly. It is even possible to rig a temporary bypass while a section of an aqueduct is being repaired.

· Pipe materials: lead & earthenware

· Lead is toxic, requires specialized workers (plumbers), and is more expensive.

· Metal pipes:

· Pipe cross sections are either circular or triangle shaped (p. 43)

· Tin was used for soldering, but it might have resulted in a weak and not entirely waterproof join

· Pipe length = 1 roman foot = 2.95m

· Pipe thickness = ¼ in

· Earthenware pipes

· Shorter lengths, thicker walls. Each section is tongued (smaller diameter at one end)

· Sealing done with quicklime + olive oil

· “Grouting” by throwing wood ash into tank and letting it clog the cracks/leaks in the system

· Two main problems with closed-pipe systems: pressure and sediment.

· Pressure will split open lead pipe joins. It will typically also blow apart the joints between pipe segments.

· For earthenware pipes, Vitruvius suggests enclosing elbow joints in blocks of red sandstone to prevent rupture

· The sediment problem was remedied with settling tanks. They were usually built in pairs and used alternatively (so that one could be cleaned)

· Most famous example of a closed system: Pergamon, a Greek city.

· Total length: >3km

· Was replaced by an open-channel system after coming under the Roman gov’t

· In advanced systems, such as the Roman one, supply divided into 3 branches, with a  reservoir for each:

· Public supply points, pools for buckets and water-spouts; no other demand allowed to interfere with these

· Public baths

· Private households

· For private households, measurement of supplies for tax purposes were not based on water flow, but on the size of a nozzle.

· A nozzle, calix, is made of bronze, is 22-23cm long, has a tester’s stamp on the outside.

· Nozzle can be positioned in different ways. See p. 50 for a good illustration.

· If there is less water in the aqueduct, everyone gets proportionately less.

· 24 different nozzle sizes, only 15 used

· Standard unit: digit, 1/16 of a roman foot, 1.848 cm

· Smallest size: quinaria, five-to-each-customer, no. 5, 2.31cm in diameter.

· Others: nos. 6, 7, 8, 10, 12, 15, 20. (6/4 digits in diameter, 7/4, etc)

· Above no. 20, a different formula is applied, although two formulas nearly coincide at no. 20 (20 square digits, 40, 100, etc)

· This could easily trick customers. The watermen, aquarii, could pocket the extra water and make money on the side.

· Was there a tap? It is unclear. (perhaps it was too familiar to everyone to mention, perhaps it did not exist)

· By conservative estimates, the water supply to Rome was 150-200 million gallons per day.

· Inscription in a Roman town of Saldae tells of an army surveyor’s woes and troubles with setting up a water supply system. The tunnelers on one side dug south, the ones on the other dug north and did not meet in the middle. Blah blah blah the surveyor saved the day.
