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	Part 1: How Steam Engines Work
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The first United States patent granted on an electric motor was issued on February 5, 1837. It was patent #132, granted to Thomas Davenport, a Vermont blacksmith.

[image: image6.png]



[image: image7.png]



A steam engine is a device that converts the potential energy that exists as pressure in steam, and converts that to mechanical force. Early examples were the steam locomotive trains, and steamships that relied on these steam engines for movement. The Industrial Revolution came about primarily because of the steam engine. The thirty seconds or so required to develop pressure made steam less favored for automobiles, which are generally powered by internal combustion engines.

The first steam device was invented by Hero of Alexandria, a Greek, before 300BC, but never utilized as anything other than a toy. While designs had been created by various people in the meanwhile, the first practical steam engine was patented by James Watt, a Scottish inventor, in 1769. Steam engines are of various types but most are reciprocal piston or turbine devices.

The strength of the steam engine for modern purposes is in its ability to convert raw heat into mechanical work. Unlike the internal combustion engine, the steam engine is not particular about the source of heat. Since the oxygen for combustion is unmetered, steam engines burn fuel cleanly and efficiently, with relatively little pollution.

One source of inefficiency is that the condenser causes losses by being somewhat hotter than the outside world. Thus any closed-cycle engine will always be somewhat less efficient than any open-cycle engine, because of condenser losses.

Most notably, without the use of a steam engine nuclear energy could not be harnessed for useful work, as a nuclear reactor does not directly generate either mechanical work or electrical energy - the reactor itself does nothing but sit there and get hot. It is the steam engine which converts that heat into useful work.*
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How Stirling Engines Work

The Stirling engine is a heat engine that is vastly different from the internal-combustion engine in your car. Invented by Robert Stirling in 1816, the Stirling engine has the potential to be much more efficient than a gasoline or diesel engine. But today, Stirling engines are used only in some very specialized applications, like in submarines or auxiliary power generators for yachts, where quiet operation is important. Although there hasn't been a successful mass-market application for the Stirling engine, some very high-power inventors are working on it.

A Stirling engine uses the Stirling cycle,​ which is unlike the cycles used in internal-combustion engines.

· The gasses used inside a Stirling engine never leave the engine. There are no exhaust valves that vent high-pressure gasses, as in a gasoline or diesel engine, and there are no explosions taking place. Because of this, Stirling engines are very quiet.

· The Stirling cycle uses an external heat source, which could be anything from gasoline to solar energy to the heat produced by decaying plants. No combustion takes place inside the cylinders of the engine.
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There are four parts to the Stirling cycle:

1. Heat is added to the gas inside the heated cylinder (left), causing pressure to build. This forces the piston to move down. This is the part of the Stirling cycle that does the work.

2. The left piston moves up while the right piston moves down. This pushes the hot gas into the cooled cylinder, which quickly cools the gas to the temperature of the cooling source, lowering its pressure. This makes it easier to compress the gas in the next part of the cycle.

3. The piston in the cooled cylinder (right) starts to compress the gas. Heat generated by this compression is removed by the cooling source.

4. The right piston moves up while the left piston moves down. This forces the gas into the heated cylinder, where it quickly heats up, building pressure, at which point the cycle repeats.
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How Rotary Engines Work
A rotary engine is an internal combustion engine, like the engine in your car, but it works in a completely different way than the conventional piston engine.

In a piston engine, the same volume of space (the cylinder) alternately does four different jobs -- intake, compression, combustion and exhaust. A rotary engine does these sam​e four jobs, but each one  happens in its own part of the housing. It's kind of like having a dedicated cylinder for each of the four jobs, with the piston moving continually from one to the next.

The rotary engine (originally conceived and developed by Dr. Felix Wankel) is sometimes called a Wankel engine, or Wankel rotary engine.
Principles of a Rotary Engine

Like a piston engine, the rotary engine uses the pressure created when a combination of air and fuel is burned. In a piston engine, that pressure is contained in the cylinders and forces pistons to move back and forth. The connecting rods and crankshaft convert the reciprocating motion of the pistons into rotational motion that can be used to power a car.

In a rotary engine, the pressure of combustion is contained in a chamber formed by part of the housing and sealed in by one face of the triangular rotor, which is what the engine uses instead of pistons.

The rotor follows a path that looks like something you'd create with aSpirograph. This path keeps each of the three peaks of the rotor in contact with the housing, creating three separate volumes of gas. As the rotor moves around the chamber, each of the three volumes of gas alternately expands and contracts. It is this expansion and contraction that draws air and fuel into the engine, compresses it and makes useful power as the gases expand, and then expels the exhaust.

Mazda RX-8
Mazda has been a pioneer in developing production cars that use rotary engines. The RX-7, which went on sale in 1978, was probably the most successful rotary-engine-powered car. But it was preceded by a series of rotary-engine cars, trucks and even buses, starting with the 1967 Cosmo Sport. The last year the RX-7 was sold in the United States was 1995, but the rotary engine is set to make a comeback in the near future.

The Mazda RX-8 , a new car from Mazda, has a new, award winning rotary engine called the RENESIS. Named International Engine of the Year 2003, this naturally aspirated two-rotor engine will produce about 250 horsepower. 
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Diesel engine
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The diesel engine (also known as a compression-ignition engine) is an internal combustion engine in which ignition of the fuel that has been injected into the combustion chamber is initiated by the high temperature which a gas achieves when greatly compressed (adiabatic compression). This contrasts with spark-ignition engines such as a petrol engine (gasoline engine) or gas engine (using a gaseous fuel as opposed to gasoline), which use a spark plug to ignite an air-fuel mixture.
Rudolf Diesel based his engine on the design of the Gas engine created by Nikolaus Otto in 1876 with the goal of improving its efficiency. He patented his Diesel engine concepts in patents that were set forth in 1892 and 1893.
The diesel engine has the highest thermal efficiency of any standard internal or external combustion engine due to its very high compression ratio and inherent lean burn which enables heat dissipation by the excess air. A small efficiency loss is also avoided compared to two-stroke non-direct-injection gasoline engines since unburnt fuel is not present at valve overlap and therefore no fuel goes directly from the intake/injection to the exhaust. Low-speed diesel engines (as used in ships and other applications where overall engine weight is relatively unimportant) can have a thermal efficiency that exceeds 50%. 
Diesel engines are manufactured in two-stroke and four-stroke versions. They were originally used as a more efficient replacement for stationary steam engines. Since the 1910s they have been used in submarines and ships. Use in locomotives, trucks, heavy equipment and electricity generation plants followed later. In the 1930s, they slowly began to be used in a few automobiles. Since the 1970s, the use of diesel engines in larger on-road and off-road vehicles in the USA increased. 
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Rocket Engines

A rocket engine, or simply "rocket", is a jet engine] that uses only stored rocket propellant mass for forming its high speed propulsive jet. Rocket engines are reaction engines and obtain thrust in accordance with Newton's third law. Since they need no external material to form their jet, rocket engines can be used for spacecraft propulsion as well as terrestrial uses, such as missiles. Most rocket engines are internal combustion engines, although non-combusting forms also exist.

Rocket engines as a group have the highest thrust, are by far the lightest, but are the least propellant efficient (have the lowest specific impulse) of all types of jet engines. The ideal exhaust is hydrogen, but chemical rockets produce a mix of heavier species, reducing the effective exhaust velocity. Rocket engines become more efficient at high velocities. Since they do not benefit from air they are best suited for uses in space and the high atmosphere.

Wh​en most people think about motors or engines, they think about rotation. For example, a reciprocatinggasoline engine in a car produces rotational energy to drive the wheels. An electric motor produces rotational energy to drive a fan or spin a disk. A steam engine is used to do the same thing, as is a steam turbine and most gas turbines.

Rocket engines are fundamentally different. Rocket engines are reaction engines. The basic principle driving a rocket engine is the famous Newtonian principle that "to every action there is an equal and opposite reaction." A rocket engine is throwing mass in one direction and benefiting from the reaction that occurs in the other direction as a result.

This concept of "throwing mass and benefiting from the reaction" can be hard to grasp at first, because that does not seem to be what is happening. Rocket engines seem to be about flames and noise and pressure, not "throwing things." Let's look at a few examples to get a better picture of reality:

· If you have ever seen a big fire hose spraying water, you may have noticed that it takes a lot of strength to hold the hose (sometimes you will see two or three firefighters holding the hose). The hose is acting like a rocket engine. The hose is throwing water in one direction, and the firefighters are using their strength and weight to counteract the reaction. If they were to let go of the hose, it would thrash around with tremendous force. If the firefighters were all standing on skateboards, the hose would propel them backward at great speed!

· [image: image18.jpg]


When you blow up a balloon and let it go so that it flies all over the room before running out of air, you have created a rocket engine. In this case, what is being thrown is the air molecules inside the balloon. Many people believe that air molecules don't weigh anything, but they do (see the page on helium to get a better picture of the weight of air). When you throw them out the nozzle of a balloon, the rest of the balloon reacts in the opposite direction.

The modern solid- and liquid-fueled engines became realities early in the 20th century, thanks to the American physicist Robert Goddard. Goddard was the first to use a De Laval nozzle on a solid-propellant (gunpowder) rocket engine, doubling the thrust and increasing the efficiency by a factor of about twenty-five. This was the birth of the modern rocket engine. He calculated from his independently-derived rocket equation that a reasonably sized rocket, using solid fuel, could place a one-pound payload on the Moon. He began to use liquid propellants in 1921 and was the first to launch, in 1926, a liquid-propellant rocket. Goddard pioneered the use of the De Laval nozzle, lightweight propellant tanks, thrust vectoring, the smoothly-throttled liquid fuel engine, regenerative cooling, and curtain cooling
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How Gas Turbine Engines Work

Whe​n you go to an airport and see the commercial jets there, you can't help but notice the huge ​engines that power them. Most commercial jets are powered by turbofan engines, and turbofans are one example of a general class of engines called gas turbine engines.

You may have never heard of gas turbine engines, but they are used in all kinds of un​expected places. For example, many of the helicopters you see, a lot of s​maller power plants and even theM-1 Tank use gas turbines. 

The Gas Turbine Process

Gas turbine engines are, theoretically, extremely simple. They have three parts:

· Compressor - Compresses the incoming air to high pressure

· Combustion area - Burns the fuel and produces high-pressure, high-velocity gas

· Turbine - Extracts the energy from the high-pressure, high-velocity gas flowing from the combustion chamber
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In this engine, air is sucked in from the right by the compressor. The compressor is basically a cone-shaped cylinder with small fan blades attached in rows (eight rows of blades are represented here). Assuming the light blue represents air at normal air pressure, then as the air is forced through the compression stage its pressure rises significantly. In some engines, the pressure of the air can rise by a factor of 30. The high-pressure air produced by the compressor is shown in dark blue.

· 1791 - John Barber received the first patent for a basic turbine engine. His design was planned to use as a method of propelling the 'horseless carriage.' The turbine was designed with a chain-driven, reciprocating type of compressor. It has a compressor, a combustion chamber, and a turbine.
· 1872 - Dr. F. Stolze designed the first true gas turbine engine. His engine used a multistage turbine section and a flow compressor. This engine never ran under its own power.
· 1903 - Aegidius Elling of Norway built the first successful gas turbine using both rotary compressors and turbines - the first gas turbine with excess power.
Jet engines

Jet engines helped to inspire the rocket engines that put men on the Moon, and powered boats and automobiles to world speed records, but they're much more familiar as the engines on airplanes such as Concorde and the Jumbo Jet. Unlike internal combustion engines in cars and trucks, which convert an up-and-down movement of pistons into rotary movement in a crankshaft, jet engines produce power by sucking in air at the front and blasting out hot exhaust gases at the back. Let's take a closer look at how they work!

What is a jet engine?

A jet engine is a machine for turning fuel into thrust (forward motion). The thrust is produced by action and reaction—a piece of physics also known as Newton's third law of motion. The force (action) of the exhaust gases pushing backward produces an equal and opposite force (reaction) called thrust that powers the vehicle forward. Exactly the same principle pushes a skateboard forward when you kick backward with your foot. In a jet engine, it's the exhaust gas that provides the "kick". Let's have a look inside the engine...
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How a jet engine works

This simplified diagram shows you the process through which a jet engine converts the energy in fuel into kinetic energy that makes a plane soar through the air:

1. For a jet going slower than the speed of sound, the engine is moving through the air at about 1000 km/h (600 mph). We can think of the engine as being stationary and the cold air moving toward it at this speed.

2. A fan at the front sucks the cold air into the engine.

3. A second fan called a compressor squeezes the air (increases its pressure) by about eight times. This slows the air down by about 60 percent and it's speed is now about 400 km/h (240 mph).

4. Kerosene (liquid fuel) is squirted into the engine from a fuel tank in the plane's wing.

5. In the combustion chamber, just behind the compressor, the kerosene mixes with the compressed air and burns fiercely, giving off hot exhaust gases. The burning mixture reaches a temperature of around 900°C (1650°F).

6. The exhaust gases rush past a set of turbine blades, spinning them like a windmill.

7. The turbine blades are connected to a long axle (represented by the middle gray line) that runs the length of the engine. The compressor and the fan are also connected to this axle. So, as the turbine blades spin, they also turn the compressor and the fan.

8. The hot exhaust gases exit the engine through a tapering exhaust nozzle. The tapering design helps to accelerate the gases to a speed of over 2100 km/h (1300 mph). So the hot air leaving the engine at the back is traveling over twice the speed of the cold air entering it at the front—and that's what powers the plane. Military jets often have an after burner that squirts fuel into the exhaust jet to produce extra thrust. The backward-moving exhaust gases power the jet forward. Because the plane is much bigger and heavier than the exhaust gases it produces, the exhaust gases have to zoom backward much faster than the plane's own speed.

Nicolaus Otto developed the four-stroke combustion engine

The principles of Otto’s new engine, as it was marketed, remain the same today

Without the internal combustion engine, there wouldn’t be any cars. And if it hadn’t been for the curiosity of a young travelling salesman, we may not have had the combustion engine.

Nicolaus Otto developed his four-stroke powertrain after seeing Jean Joseph Étienne Lenoir’s work on two-stroke coal gas engines. And it is Otto’s work that has powered vehicles from the very beginning of the automobile revolution.

Engineers may have improved on his original design, and new developments may have changed the way the technology is used, but his fingerprint is still on the powertrains in most people’s cars.

Otto’s early life was far removed from engineering. He dropped out of school when he was just 16, and worked in a grocery store and as an office clerk. Later he became a travelling salesman, selling sugar, kitchenware and tea to grocery stores on the German, Belgian and French borders. It was during this time that he met Lenoir and saw the work he had done on his coal-gas engines. This fired the young Otto’s imagination.

Otto thought Lenoir’s design, although intriguing, was flawed. In the patent for his own engine in 1877, Otto wrote: “In gas motor engines as at present constructed, where it is ignited, a great portion of the useful effect is lost by absorption of heat unless special provision is made.” Otto wanted to improve on this. 

One reason Lenoir’s engine was so inefficient was because gas wasn’t compressed before ignition, while the intake of fuel, its combustion and the exhaust of the burned gas all had to be completed in two strokes of the piston.

Lenoir’s and other engine designs, which used coal-gas, were reliant on the public gas supply network. That meant the engines could only be used in stationary machinery – they were no good for automobiles, and that was something Otto wanted to change.
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His time as a travelling salesman had shown him how difficult it was to move from place to place. He dreamed of a vehicle that could cut the time it took to travel between cities.

The other challenge was cost. Gas was expensive – 100ft3 needed to be burned per horsepower per hour.

Otto used a replica of Lenoir’s two-stroke engine, and started his work by  compressing the gas before it was ignited, making the process much more efficient. And although he patented his own two-stroke design in 1864, and it went on to win a gold medal at the 1867 World Exhibition in Paris, his work continued with the help of industrialist and engineer Eugen Langen. Langen invested money in Otto’s idea, hoping it would benefit his many businesses. Together they started N A Otto and Cie, which later became Deutz.

But it wasn’t until 1876 that Otto perfected the four-stroke engine which used compressed loading. It was a small engine by today’s standards, producing only 3hp at 180rpm. Otto’s design seems simple. The downward motion of the piston drew air and gas into the cylinder, and on the upward stroke the mixture was compressed. At the top of the stroke the mixture was ignited, providing power. The 4th stroke pushed the exhaust gases out.

The last element that made Otto’s design unique was the use of a low-voltage magneto ignition. Otto’s electrical ignition system meant that you no longer needed a pilot light, and could use liquid fuel. The automotive combustion engine was born. Otto’s idea was patented in 1877, and in the same year Gasmotoren-Fabrik Deutz started mass producing the technology.

Otto’s work was the beginning of engine development for the automotive age. Technology has vastly improved, but the principles of “Otto’s new engine,” as it was marketed, remain the same – and improving efficiency is still the key challenge.

