Archimedes Screw New and Old 

By: Michael Liuzzi and Michelle Garcia
Introduction


Many years ago, in ancient Greek times, there was a man named Archimedes. Archimedes was a mathematician, physicist, engineer, inventor and astronomer. Although not much is known about him, we do know that he was one of the leading scientists in the ancient Greek era. One of his most well known inventions is the Archimedes Screw, and it is still used to this day. Archimedes’ Screw was first built around 300 BCE. It was first used when King Heron II wanted Archimedes to build a big naval ship. They knew that there was going to be a lot of  leakage in the hull of the ship, so he built Archimedes’ Screw, which was used to pump water out of the hull and back out to sea.
 A more modern version of Archimedes’ Screw is the Archimedes Screw Pump. The Archimedes Screw Pump is almost identical to the original Archimedes Screw. The only two major differences are that the modern version is made of metal and is moved by the flow of water instead of a man turning a lever to make it spin. Compared to the ancient one was rotated by manpower, and moved water from low ground to high ground. 

To help viewers better understand the ancient and modern versions of Archimedes’ Screw, we are going to create a website describing each one. For each one we are going to be explaining the physics and how they work. We are going to create this website using Weebly. This website will be very user-friendly and easy to navigate. We will have diagrams so people can easily understand the topic they’re reading about. This is our idea for the exhibition: We will have a miniature version of Archimedes’ Screw that can be turned by using a handle. It will be able to move water up to demonstrate the workings of an ancient Archimedes Screw and the modern version (The Archimedes Screw Turbine). We will have the miniature Archimedes Screw on the table and next to it we will have a computer which will display the website. Behind it we will have a poster with a picture of Archimedes Screw. On the top of the Screw it will say “Archimedes” and on the blades curving around it, it will say “Screw.”

Greek Tag
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The major material the Greeks used to build Archimedes’ Screw was wood. First the Greeks would cut some wooden strips into blades and attach them to a wooden beam, several feet long. Then they would use wooden planks to cover the outside of the blades, thus making it a tube, which would then carry water from low to high ground. The Greeks used this on a day-to- day basis. The main use of Archimedes’ Screwwas to pump water from a low water source to higher ground. (See figure 1.)
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The handle at the top of Archimedes’ Screw was used to make the internal blades rotate. The blades that were inside the screw’s tube were used to carry what you desire, which most of the time, was water. The tube is the casing around the blades which enssure that what you are carrying doesn't fall out and it gets to its new destination.

 One major physics concept that relates to Archimedes Screw is torque. Torque is the measure of the turning force on an object. Just as you can push or pull an object, you can also turn it. Torque can be expressed in the following equation: 







T=Fst
In words this is: Force (F) multiplied by length of torque arm (st) equals torque (T). Force is the amount of power you put into something and a torque arm is the object you use to apply torque. For , if you were turning a bolt with a wrench, the wrench would be your torque arm. This relates to Archimedes’ Screw because it has a torque arm. The torque arm on the screw is the handle that you move to make the screw rotate. 


In the equation above, the amount of Force (F) is proportional to the length of the torque arm (st), with Torque (T) being the constant of proportionality. Here is an example of how to find torque:

Example Problem 1:


Let’s say you were operating an Archimedes’ Screw. If you were using a one-foot handle to turn the screw and used 16N of force to do it, then this is how you would find how much torque you put on the screw.

Equation: 

           First you need to find the amount force you used (F) and the length of your torque arm (st)
T=Fst
F=16N, st= .3m (1ft) 
Solve:

Now plug it all into the equation

T=Fst
16N(.3m) = T
4.8Nm = T
In order for torque to be applied you need something called force. Force is the amount of energy being put on something. The more force you put on something the greater the physical effect on the object. For example, if you were to throw a 5-pound object with 10 pounds of force it wouldn’t go as far if you had put 15 pounds of force into the throw.

Modern Tag
Archimedes’ Screw Turbine has the exact same design as it did when Archimedes first created the Archimedes’ Screw. It has only really changed in two ways. It’s gotten much bigger and now it’s made from metal. Also, Archimedes’ Screw Turbine is powered by a motor instead of being spun by hand. It’s basically the same thing as Archimedes’ Screw. Many small parks, places with a river near by, and even some national parks use Archimedes’ Screw Turbines. Yorkshire Water Co. In the UK is even using the Archimedes’ Screw as both a turbine and a pump. There are also two Archimedes’ Screws at Sea World that are used with the Wild Rapids ride to keep the water flowing even with the changing elevations. Archimedes’ Screw Turbines are getting more and more popular each day because they’re normally cheaper to install, can be used to pump water and are safe for fish to swim through when usedn in rivers. (See figure 2.)


Mechanical advantage is the ratio of the amount of force applied to a machine over the force exerted or output created by the machine. The force applied to the machine is the amount of force that you put on the machine. For example, if you were riding a bike, the amount of force you use to push the pedals to make the bike go would be the force applied to the machine, or in this case, the bike. The force exerted by the machine is the force that the machine creates or produces. For example, if you were riding a bike, the exerted force would be the wheels of the bike turning and moving the bike.

If you were to apply Archimedes’ Screw to mechanical advantage, it would be explained as follows: The force applied to the screw would be the force you use to turn the handle of the screw. The force exerted by the machine would be the force with which the screw turns and pushes water.

 Mechanical Advantage can be expressed in the following equation:

Fr* pitch = Fe*2πr
Pitch= space (distance) between blades, Fr= amount of force machine puts out (output), Fe= amount of force you put in (input), 2πr = The Circumference of the Screw. 


In this equation Fr is directly proportional to pitch, also, Fe is directly proportional to 2πr.
Example Problem 1:


A greek slave is using Archimedes Screw to help irigate the plants. How much water would he transport in one rotation of Archimedes screw asuming each rotation has a full amount of water? Also knowing the radius of the screw is 2m and the mecanical advantage is 15.

Equation:

If we are. trying to find how much water Archimedes Screw would carry in one rotation of the screw, we would use this equation. When V= volume.

Vof water in one rotation = πr^2pitch

Solve:

The first thing we need to find is the pitch and to find the pitch we need to find Se using this equation:

Se= 2πr
and we know that r = 2 meters (2m) so,

Se=(2π) (2m)→ 4π m = Se
Now using this information we can plug it into the following equation, also knowing that the Mechanical Advantage is 15.

MA= 15 = Fe/pitch → 15= 4π m/ pitch

Multiply both sides by pitch and divide both sides by 15 you get,

Pitch= 4π/15m

Now using this information we can find the volume of one rotation with this equation,

Vrotation = πr^2pitch → π(2m)^2(4π/15m)

Which equals:

V of water in one rotation = 16π^2/15m^3

A big part of mechanical advantage is efficiency. In the example problem we did not include efficiency to make it more simple. Efficiency is the work you put in divided by the work that comes out multiplied by 100%. This can be shown in the following equation:

Efficeincy = Work in/Work out x 100%.

When talking about efficiency you want it to be high, like 70-100%, meaning you get out most of the work you put in. The higher the percentage, the better the efficiency. This relates to Archimedes’ Screw because the screw itself is inside a tube to ensure that whatever is being transported doesn’t fall out. When the blades of the screw turn they rub up against the casing, which lowers the efficiency because of friction.    
Hands-On Component


We plan to make our exhibit very user-friendly and simple. We plan to use at least one table to display what we are going to show. After we finish constructing our miniature Archimedes’ Screw, we will place it on a table. When using the screw the viewers will be able to learn about Work, also after they read over some of our website they will be able to understand Efficenicy. Next to the screw will be an open computer displaying the website we created to talk about the physics of both the modern and ancient technology. Behind the table, as we stated before, will be the sign saying, “Archimedes’ Screw.” Our viewers will be able to learn about specific physics concepts in a very easy and understandable way. They will be able to browse through our website and read about the physics concepts. The concepts will have examples displaying what they just read about in equations and pictures to help get a visual of it as well. For example, on the website when you click on the modrn invention it will tell you about Efficiency. The exhibit will be first rate because the text will be well written and it will be obvious to the viewer that we took time and effort to create our work. Our exhibit will be user-friendly because our website will be easy to navigate and understand. On our Archimedes’ Screw we will make it obvious what it is supposed to be and do, and how our physics concepts relate to it. People will be able to see that our display is informative because we will be explaining many things. For example, the four physics concepts and in general, what Archimedes’ Screw was used for and how it works.
Upper ground. Where the water is moved.





Lower ground. This is where the water is taken from to move.





This is the screw that rotates to move the water to the upper ground.
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