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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. 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. In this article, we'll learn how a rotary engine works. Let's start with the basic principles
at work. 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 a Spirograph.
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. We'll be taking a look inside a rotary engine to check out the parts, but first
let's take a look at a new model car with an all-new rotary engine. The RX-7, which went on sale
in , 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 Cosmo Sport. The last
year the RX-7 was sold in the United States was , but the rotary engine is set to make a
comeback in the near future. Named International Engine of the Year , this naturally aspirated
two-rotor engine will produce about horsepower. For more information, visit Mazda's RX-8 Web
site. If you've never seen the inside of a rotary engine, be prepared for a surprise, because you
won't recognize much. The rotor has three convex faces, each of which acts like a piston. At the
apex of each face is a metal blade that forms a seal to the outside of the combustion chamber.
There are also metal rings on each side of the rotor that seal to the sides of the combustion
chamber. The rotor has a set of internal gear teeth cut into the center of one side. These teeth
mate with a gear that is fixed to the housing. This gear mating determines the path and direction
the rotor takes through the housing. The housing is roughly oval in shape it's actually an
epitrochoid -- check out this Java demonstration of how the shape is derived. The shape of the
combustion chamber is designed so that the three tips of the rotor will always stay in contact
with the wall of the chamber, forming three sealed volumes of gas. Each part of the housing is
dedicated to one part of the combustion process. The four sections are:. The intake and exhaust
ports are located in the housing. There are no valves in these ports. The exhaust port connects
directly to the exhaust, and the intake port connects directly to the throttle. The output shaft has
round lobes mounted eccentrically, meaning that they are offset from the centerline of the shaft.
Each rotor fits over one of these lobes. The lobe acts sort of like the crankshaft in a piston
engine. As the rotor follows its path around the housing, it pushes on the lobes. Since the lobes
are mounted eccentric to the output shaft, the force that the rotor applies to the lobes creates
torque in the shaft, causing it to spin. The two-rotor engine we took apart has five main layers
that are held together by a ring of long bolts. Coolant flows through passageways surrounding
all of the pieces. The two end layers contain the seals and bearings for the output shaft. They
also seal in the two sections of housing that contain the rotors. The inside surfaces of these
pieces are very smooth, which helps the seals on the rotor do their job. An intake port is located
on each of these end pieces. The next layer in from the outside is the oval-shaped rotor
housing, which contains the exhaust ports. This is the part of the housing that contains the
rotor. The center piece contains two intake ports, one for each rotor. It also separates the two
rotors, so its outside surfaces are very smooth. In the center of each rotor is a large internal
gear that rides around a smaller gear that is fixed to the housing of the engine. This is what
determines the orbit of the rotor. The rotor also rides on the large circular lobe on the output
shaft. But in a rotary engine, this is accomplished in a completely different way. If you watch
carefully, you'll see the offset lobe on the output shaft spinning three times for every complete
revolution of the rotor. The heart of a rotary engine is the rotor. This is roughly the equivalent of
the pistons in a piston engine. The rotor is mounted on a large circular lobe on the output shaft.
This lobe is offset from the centerline of the shaft and acts like the crank handle on a winch,
giving the rotor the leverage it needs to turn the output shaft. As the rotor orbits inside the
housing, it pushes the lobe around in tight circles, turning three times for every one revolution
of the rotor. As the rotor moves through the housing, the three chambers created by the rotor
change size. This size change produces a pumping action. Let's go through each of the four

strokes of the engine looking at one face of the rotor. The intake phase of the cycle starts when
the tip of the rotor passes the intake port. At the moment when the intake port is exposed to the
chamber, the volume of that chamber is close to its minimum. When the peak of the rotor
passes the intake port, that chamber is sealed off and compression begins. By the time the face
of the rotor has made it around to the spark plugs , the volume of the chamber is again close to
its minimum. This is when combustion starts. Most rotary engines have two spark plugs. The
combustion chamber is long, so the flame would spread too slowly if there were only one plug.
The pressure of combustion forces the rotor to move in the direction that makes the chamber
grow in volume. The combustion gases continue to expand, moving the rotor and creating
power, until the peak of the rotor passes the exhaust port. Once the peak of the rotor passes the
exhaust port, the high-pressure combustion gases are free to flow out the exhaust. As the rotor
continues to move, the chamber starts to contract, forcing the remaining exhaust out of the
port. By the time the volume of the chamber is nearing its minimum, the peak of the rotor
passes the intake port and the whole cycle starts again. The neat thing about the rotary engine
is that each of the three faces of the rotor is always working on one part of the cycle -- in one
complete revolution of the rotor, there will be three combustion strokes. But remember, the
output shaft spins three times for every complete revolution of the rotor, which means that
there is one combustion stroke for each revolution of the output shaft. The rotary engine has far
fewer moving parts than a comparable four-stroke piston engine. A two-rotor rotary engine has
three main moving parts: the two rotors and the output shaft. Even the simplest four-cylinder
piston engine has at least 40 moving parts, including pistons, connecting rods, camshaft ,
valves, valve springs, rockers, timing belt, timing gears and crankshaft. This minimization of
moving parts can translate into better reliability from a rotary engine. This is why some aircraft
manufacturers including the maker of Skycar prefer rotary engines to piston engines. All the
parts in a rotary engine spin continuously in one direction, rather than violently changing
directions like the pistons in a conventional engine do. Rotary engines are internally balanced
with spinning counterweights that are phased to cancel out any vibrations. The power delivery
in a rotary engine is also smoother. Because each combustion event lasts through 90 degrees
of the rotor's rotation, and the output shaft spins three revolutions for each revolution of the
rotor, each combustion event lasts through degrees of the output shaft's rotation. This means
that a single-rotor engine delivers power for three-quarters of each revolution of the output
shaft. Compare this to a single-cylinder piston engine, in which combustion occurs during
degrees out of every two revolutions, or only a quarter of each revolution of the crankshaft the
output shaft of a piston engine. Since the rotors spin at one-third the speed of the output shaft,
the main moving parts of the engine move slower than the parts in a piston engine. This also
helps with reliability. Rotary engines are found in some powerful sports cars. Want to learn
more? Check out these car engine pictures. Principles of a Rotary Engine. The rotor and
housing of a rotary engine from a Mazda RX These parts replace the pistons, cylinders, valves,
connecting rods and camshafts found in piston engines. The Parts of a Rotary Engine. Intake
Compression Combustion Exhaust. Rotary Engine Assembly. This content is not compatible on
this device. The part of the rotor housing that holds the rotors Note the exhaust port location.
The center piece contains another intake port for each rotor. Rotary Engine Power. Differences
and Challenges. Fewer Moving Parts The rotary engine has far fewer moving parts than a
comparable four-stroke piston engine. Typically, it is more difficult but not impossible to make a
rotary engine meet U. The manufacturing costs can be higher, mostly because the number of
these engines produced is not as high as the number of piston engines. They typically consume
more fuel than a piston engine because the thermodynamic efficiency of the engine is reduced
by the long combustion-chamber shape and low compression ratio. A rotary engine is an
internal combustion engine that separates an engine's four jobs â€” intake, compression,
combustion, and exhaust â€” into four individual parts within the overall engine housing. The
rotor moves from chamber to chamber, expanding and contracting gas. Why are rotary engines
bad? There are a few disadvantages of rotary engines. It's more difficult to make a rotary engine
meet U. Rotary engines also tend to consume more fuel than piston engines. Is a rotary engine
better? Rotary engines do have some advantages over other engine types. They can be more
reliable because their parts and pieces move at a slower speed. They can also operate more
smoothly, eliminating the violent direction changes in piston engines. And rotary engines tend
to have fewer moving parts overall. Lots More Information. Related Content " ". Is anyone
developing lifetime engine oil? Is it true that a diesel engine can operate under water while a
gasoline engine cannot? How to Find Engine Oil Capacities. Have you ever opened the hood of
your car and wondered what was going on in there? A car engine can look like a big confusing
jumble of metal, tubes and wires to the uninitiated. You might want to know what's going on
simply out of curiosity. Or perhaps you are buying a new car , and you hear things like "2. In

this article, we'll discuss the basic idea behind an engine and then go into detail about how all
the pieces fit together, what can go wrong and how to increase performance. The purpose of a
gasoline car engine is to convert gasoline into motion so that your car can move. Currently the
easiest way to create motion from gasoline is to burn the gasoline inside an engine. Therefore, a
car engine is an internal combustion engine â€” combustion takes place internally. The
principle behind any reciprocating internal combustion engine: If you put a tiny amount of
high-energy-density fuel like gasoline in a small, enclosed space and ignite it, an incredible
amount of energy is released in the form of expanding gas. You can use that energy for
interesting purposes. For example, if you can create a cycle that allows you to set off
explosions like this hundreds of times per minute, and if you can harness that energy in a
useful way, what you have is the core of a car engine. Almost every car with a gasoline engine
uses a four-stroke combustion cycle to convert gasoline into motion. The four-stroke approach
is also known as the Otto cycle , in honor of Nikolaus Otto, who invented it in The four strokes
are illustrated in Figure 1. They are:. The piston is connected to the crankshaft by a connecting
rod. As the crankshaft revolves, it has the effect of "resetting the cannon. In an engine, the
linear motion of the pistons is converted into rotational motion by the crankshaft. The rotational
motion is nice because we plan to turn rotate the car's wheels with it anyway. Now let's look at
all the parts that work together to make this happen, starting with the cylinders. The core of the
engine is the cylinder, with the piston moving up and down inside the cylinder. Single cylinder
engines are typical of most lawn mowers, but usually cars have more than one cylinder four, six
and eight cylinders are common. In a multi-cylinder engine, the cylinders usually are arranged
in one of three ways: inline , V or flat also known as horizontally opposed or boxer , as shown in
the figures to the left. So that inline four we mentioned at the beginning is an engine with four
cylinders arranged in a line. Different configurations have different advantages and
disadvantages in terms of smoothness, manufacturing cost and shape characteristics. These
advantages and disadvantages make them more suitable for certain vehicles. The spark must
happen at just the right moment for things to work properly. The intake and exhaust valves
open at the proper time to let in air and fuel and to let out exhaust. Note that both valves are
closed during compression and combustion so that the combustion chamber is sealed. Piston
rings provide a sliding seal between the outer edge of the piston and the inner edge of the
cylinder. The rings serve two purposes:. Most cars that "burn oil" and have to have a quart
added every 1, miles are burning it because the engine is old and the rings no longer seal things
properly. Many modern vehicles use more advance materials for piston rings. That's one of the
reasons why engines last longer and can go longer between oil changes. The connecting rod
connects the piston to the crankshaft. It can rotate at both ends so that its angle can change as
the piston moves and the crankshaft rotates. The crankshaft turns the piston's up-and-down
motion into circular motion just like a crank on a jack-in-the-box does. The sump surrounds the
crankshaft. It contains some amount of oil , which collects in the bottom of the sump the oil
pan. So you go out one morning and your engine will turn over but it won't start. What could be
wrong? Now that you know how an engine works, you can understand the basic things that can
keep an engine from running. Three fundamental things can happen: a bad fuel mix, lack of
compression or lack of spark. Beyond that, thousands of minor things can create problems, but
these are the "big three. Lack of compression: If the charge of air and fuel cannot be
compressed properly, the combustion process will not work like it should. Lack of compression
might occur for these reasons:. The most common "hole" in a cylinder occurs where the top of
the cylinder holding the valves and spark plug and also known as the cylinder head attaches to
the cylinder itself. Generally, the cylinder and the cylinder head bolt together with a thin gasket
pressed between them to ensure a good seal. If the gasket breaks down, small holes develop
between the cylinder and the cylinder head, and these holes cause leaks. In a properly running
engine, all of these factors are working fine. Perfection is not required to make an engine run,
but you'll probably notice when things are less than perfect. As you can see, an engine has a
number of systems that help it do its job of converting fuel into motion. We'll look at the
different subsystems used in engines in the next few sections. Most engine subsystems can be
implemented using different technologies, and better technologies can improve the
performance of the engine. Let's look at all of the different subsystems used in modern engines,
beginning with the valve train. The valve train consists of the valves and a mechanism that
opens and closes them. The opening and closing system is called a camshaft. The camshaft
has lobes on it that move the valves up and down, as shown in Figure 5. Most modern engines
have what are called overhead cams. This means that the camshaft is located above the valves,
as shown in Figure 5. The cams on the shaft activate the valves directly or through a very short
linkage. Older engines used a camshaft located in the sump near the crankshaft. A timing belt
or timing chain links the crankshaft to the camshaft so that the valves are in sync with the

pistons. The camshaft is geared to turn at one-half the rate of the crankshaft. Many
high-performance engines have four valves per cylinder two for intake, two for exhaust , and
this arrangement requires two camshafts per bank of cylinders, hence the phrase "dual
overhead cams. The ignition system Figure 6 produces a high-voltage electrical charge and
transmits it to the spark plugs via ignition wires. The charge first flows to a distributor , which
you can easily find under the hood of most cars. The distributor has one wire going in the
center and four, six or eight wires depending on the number of cylinders coming out of it. These
ignition wires send the charge to each spark plug. The engine is timed so that only one cylinder
receives a spark from the distributor at a time. This approach provides maximum smoothness.
The cooling system in most cars consists of the radiator and water pump. Water circulates
through passages around the cylinders and then travels through the radiator to cool it off. In a
few cars most notably pre Volkswagen Beetles , as well as most motorcycles and lawn mowers,
the engine is air-cooled instead You can tell an air-cooled engine by the fins adorning the
outside of each cylinder to help dissipate heat. Air-cooling makes the engine lighter but hotter,
generally decreasing engine life and overall performance. So now you know how and why your
engine stays cool. But why is air circulation so important? Most cars are normally aspirated ,
which means that air flows through an air filter and directly into the cylinders. The amount of
pressurization is called boost. A turbocharger uses a small turbine attached to the exhaust pipe
to spin a compressing turbine in the incoming air stream. A supercharger is attached directly to
the engine to spin the compressor. Since the turbocharger is reusing hot exhaust to spin the
turbine and compress the air, it increases the power from smaller engines. So a fuel-sipping
four-cylinder can see horsepower that you might expect a six-cylinder engine to put out while
getting 10 to 30 percent better fuel economy. Increasing your engine's performance is great, but
what exactly happens when you turn the key to start it? The starting system consists of an
electric starter motor and a starter solenoid. When you turn the ignition key, the starter motor
spins the engine a few revolutions so that the combustion process can start. It takes a powerful
motor to spin a cold engine. The starter motor must overcome:. Because so much energy is
needed and because a car uses a volt electrical system, hundreds of amps of electricity must
flow into the starter motor. The starter solenoid is essentially a large electronic switch that can
handle that much current. When you turn the ignition key, it activates the solenoid to power the
motor. Next, we'll look at the engine subsystems that maintain what goes in oil and fuel and
what comes out exhaust and emissions. When it comes to day-to-day car maintenance, your
first concern is probably the amount of gas in your car. How does the gas that you put in power
the cylinders? Fuel is delivered in modern vehicles in two common ways: port fuel injection and
direct fuel injection. In a fuel-injected engine, the right amount of fuel is injected individually
into each cylinder either right above the intake valve port fuel injection or directly into the
cylinder direct fuel injection. Older vehicles were carbureted, where gas and air were mixed by a
carburetor as the air flowed into the engine. Oil also plays an important part. The lubrication
system makes sure that every moving part in the engine gets oil so that it can move easily. The
two main parts needing oil are the pistons so they can slide easily in their cylinders and any
bearings that allow things like the crankshaft and camshafts to rotate freely. In most cars, oil is
sucked out of the oil pan by the oil pump, run through the oil filter to remove any grit, and then
squirted under high pressure onto bearings and the cylinder walls. The oil then trickles down
into the sump, where it is collected again and the cycle repeats. Now that you know about some
of the stuff that you put in your car, let's look at some of the stuff that comes out of it. The
exhaust system includes the exhaust pipe and the muffler. Without a muffler, what you would
hear is the sound of thousands of small explosions coming out your tailpipe. A muffler
dampens the sound. The emission control system in modern cars consists of a catalytic
converter , a collection of sensors and actuators, and a computer to monitor and adjust
everything. For example, the catalytic converter uses a catalyst and oxygen to burn off any
unused fuel and certain other chemicals in the exhaust. An oxygen sensor in the exhaust
stream makes sure there is enough oxygen available for the catalyst to work and adjusts things
if necessary. Besides gas, what else powers your car? The electrical system consists of a
battery and an alternator. The alternator is connected to the engine by a belt and generates
electricity to recharge the battery. The battery makes volt power available to everything in the
car needing electricity the ignition system, radio, headlights, windshield wipers , power
windows and seats, computers , etc. Now that you know all about the main engine subsystems,
let's look at ways that you can boost engine performance. Using all of this information, you can
begin to see that there are lots of different ways to make an engine perform better. Increase
displacement: More displacement means more power because you can burn more gas during
each revolution of the engine. You can increase displacement by making the cylinders bigger or
by adding more cylinders. Twelve cylinders seems to be the practical limit. Increase the

compression ratio: Higher compression ratios produce more power, up to a point.
Higher-octane gasolines prevent this sort of early combustion. That is why high-performance
cars generally need high-octane gasoline â€” their engines are using higher compression ratios
to get more power. Stuff more into each cylinder: If you can cram more air and therefore fuel
into a cylinder of a given size, you can get more power from the cylinder in the same way that
you would by increasing the size of the cylinder without increasing the fuel required for
combustion. Turbochargers and superchargers pressurize the incoming air to effectively cram
more air into a cylinder. Cool the incoming air: Compressing air raises its temperature.
However, you would like to have the coolest air possible in the cylinder because the hotter the
air is, the less it will expand when combustion takes place. Therefore, many turbocharged and
supercharged cars have an intercooler. An intercooler is a special radiator through which the
compressed air passes to cool it off before it enters the cylinder. Let air come in more easily: As
a piston moves down in the intake stroke, air resistance can rob power from the engine. Air
resistance can be lessened dramatically by putting two intake valves in each cylinder. Some
newer cars are also using polished intake manifolds to eliminate air resistance there. Bigger air
filters can also improve air flow. Let exhaust exit more easily: If air resistance makes it hard for
exhaust to exit a cylinder, it robs the engine of power. Air resistance can be lessened by adding
a second exhaust valve to each cylinder. A car with two intake and two exhaust valves has four
valves per cylinder, which improves performance. When you hear a car ad tell you the car has
four cylinders and 16 valves, what the ad is saying is that the engine has four valves per
cylinder. If the exhaust pipe is too small or the muffler has a lot of air resistance, this can cause
back-pressure, which has the same effect. High-performance exhaust systems use headers, big
tail pipes and free-flowing mufflers to eliminate back-pressure in the exhaust system. When you
hear that a car has "dual exhaust," the goal is to improve the flow of exhaust by having two
exhaust pipes instead of one. Make everything lighter: Lightweight parts help the engine
perform better. Each time a piston changes direction, it uses up energy to stop the travel in one
direction and start it in another. The lighter the piston, the less energy it takes. This results in
better fuel efficiency as well as better performance. Inject the fuel: Fuel injection allows very
precise metering of fuel to each cylinder. This improves performance and fuel economy. The
number of cylinders that an engine contains is an important factor in the overall performance of
the engine. Each cylinder contains a piston that pumps inside of it and those pistons connect to
and turn the crankshaft. The more pistons there are pumping, the more combustive events are
taking place during any given moment. That means that more power can be generated in less
time. Four-cylinder engines commonly come in "straight" or "inline" configurations while
6-cylinder engines are usually configured in the more compact "V" shape, and thus are referred
to as V6 engines. V6 engines were the engine of choice for American automakers because
they're powerful and quiet, but turbocharging technologies have made four-cylinder engines
more powerful and attractive to buyers. Historically, American auto consumers turned their
noses up at four-cylinder engines, believing them to be slow, weak, unbalanced and short on
acceleration. However, when Japanese auto makers, such as Honda and Toyota, began
installing highly efficient four-cylinder engines in their cars in the s and '90s, Americans found a
new appreciation for the compact engine. Japanese models, such as the Toyota Camry, began
quickly outselling comparable American models. Modern four-cylinder engines use lighter
materials and turbocharging technology, like Ford's EcoBoost engine, to eke V-6 performance
from more efficient four-cylinder engines. Advanced aerodynamics and technologies, such as
those used by Mazda in its SKYACTIV designs , put less stress on these smaller turbocharged
engines, further increasing their efficiency and performance. As for the future of the V6, in
recent years the disparity between four-cylinder and V6 engines has lessened considerably. But
V-6 engines still have their uses, and not only in performance cars. Trucks that are used to tow
trailers or haul loads need the power of a V-6 to get those jobs done. Power in those cases is
more important than efficiency. Mercedes AMG. There are different kinds of internal combustion
engines. Diesel engines are one type and gas turbine engines are another. Each has its own
advantages and disadvantages. There is also the external combustion engine. The steam engine
in old-fashioned trains and steam boats is the best example of an external combustion engine.
The fuel coal, wood, oil in a steam engine burns outside the engine to create steam, and the
steam creates motion inside the engine. Internal combustion is a lot more efficient than external
combustion, plus an internal combustion engine is a lot smaller. Internal Combustion. Intake
stroke Compression stroke Combustion stroke Exhaust stroke. This content is not compatible
on this device. The piston starts at the top, the intake valve opens, and the piston moves down
to let the engine take in a cylinder full of air and gasoline. This is the intake stroke. Only the
tiniest drop of gasoline needs to be mixed into the air for this to work. Compression makes the
explosion more powerful. Part 2 of the figure When the piston reaches the top of its stroke, the

spark plug emits a spark to ignite the gasoline. The gasoline charge in the cylinder explodes ,
driving the piston down. Part 3 of the figure Once the piston hits the bottom of its stroke, the
exhaust valve opens and the exhaust leaves the cylinder to go out the tailpipe. Part 4 of the
figure. Basic Engine Parts. Figure 2. Inline: The cylinders are arranged in a line in a single bank.
Figure 3. V: The cylinders are arranged in two banks set at an angle to one another. Figure 4.
Flat: The cylinders are arranged in two banks on opposite sides of the engine. They keep oil in
the sump from leaking into the combustion area, where it would be burned and lost. Engine
Problems. Car engines can have all sorts of problems, whether fuel related or battery related.
You are out of gas , so the engine is getting air but no fuel. The air intake might be clogged, so
there is fuel but not enough air. The fuel system might be supplying too much or too little fuel to
the mix, meaning that combustion does not occur properly. There might be an impurity in the
fuel like water in your gas tank that prevents the fuel from burning. The intake or exhaust valves
are not sealing properly, again allowing a leak during compression. There is a hole in the
cylinder. If your sparkplug or the wire leading to it is worn out, the spark will be weak. If the wire
is cut or missing, or if the system that sends a spark down the wire is not working properly,
there will be no spark. If the spark occurs either too early or too late in the cycle i. If the battery
is dead, you cannot turn over the engine to start it. If the bearings that allow the crankshaft to
turn freely are worn out, the crankshaft cannot turn so the engine cannot run. If the valves do
not open and close at the right time or at all, air cannot get in and exhaust cannot get out, so the
engine cannot run. If you run out of oil, the piston cannot move up and down freely in the
cylinder, and the engine will seize. Engine Valve Train and Ignition Systems. Engine Cooling,
Air-intake and Starting Systems. This diagram shows details of how a cooling system and the
plumbing is connected. All of the internal friction caused by the piston rings The compression
pressure of any cylinder s that happens to be in the compression stroke The energy needed to
open and close valves with the camshaft All of the other things directly attached to the engine,
like the water pump, oil pump, alternator, etc. The exhaust system of your car includes the
exhaust pipe and the muffler. Producing More Engine Power. Adding a turbocharger to a car's
engine can help increase it's overall power and performance. Engine Questions and Answers.
Here is a set of engine-related questions from readers and their answers: What is the difference
between a gasoline engine and a diesel engine? In a diesel engine, there is no spark plug.
Instead, diesel fuel is injected into the cylinder, and the heat and pressure of the compression
stroke cause the fuel to ignite. Diesel fuel has a higher energy density than gasoline, so a diesel
engine gets better mileage. See How Diesel Engines Work for more information. What is the
difference between a two-stroke and a four-stroke engine? Most chain saws and boat motors
use two-stroke engines. A two-stroke engine has no moving valves, and the spark plug fires
each time the piston hits the top of its cycle. A hole in the lower part of the cylinder wall lets in
gas and air. As the piston moves up it is compressed, the spark plug ignites combustion, and
exhaust exits through another hole in the cylinder. You have to mix oil into the gas in a
two-stroke engine because the holes in the cylinder wall prevent the use of rings to seal the
combustion chamber. Generally, a two-stroke engine produces a lot of power for its size
because there are twice as many combustion cycles occurring per rotation. However, a
two-stroke engine uses more gasoline and burns lots of oil, so it is far more polluting. See How
Two-stroke Engines Work for more information. You mentioned steam engines in this article â€”
are there any advantages to steam engines and other external combustion engines? The main
advantage of a steam engine is that you can use anything that burns as the fuel. For example, a
steam engine can use coal, newspaper or wood for the fuel, while an internal combustion
engine needs pure, high-quality liquid or gaseous fuel. See How Steam Engines Work for more
information. Why have eight cylinders in an engine? Why not have one big cylinder of the same
displacement of the eight cylinders instead? There are a couple of reasons why a big 4. The
main reason is smoothness. A V-8 engine is much smoother because it has eight evenly spaced
explosions instead of one big explosion. Another reason is starting torque. When you start a
V-8 engine, you are only driving two cylinders 1 liter through their compression strokes, but
with one big cylinder you would have to compress 4 liters instead. How Are 4-cylinder and V6
Engines Different? The Fusion V6 Sport comes standard with a 2. A car engine is an internal
combustion engine. What is the function of a car engine? What are the parts of a car engine?
Other key parts include the spark plug, valves, piston, piston rings, connecting rod, crankshaft
and sump. How does a car engine work, step by step? They are intake stroke, compression
stroke, combustion stroke and exhaust stroke. Why won't my engine start? Lots More
Information. Associated Press. Related Content " ". Inside Engines. How does engine placement
affect handling? How much horsepower does a performance muffler add? For a long time after
we published that article, one of the most common questions asked and one of the most
frequent suggestions made in the suggestion box was, "What is the difference between a

gasoline and a diesel engine? Diesel's story actually begins with the invention of the gasoline
engine. Nikolaus August Otto had invented and patented the gasoline engine by This invention
used the four-stroke combustion principle, also known as the "Otto Cycle," and it's the basic
premise for most car engines today. In its early stage, the gasoline engine wasn't very efficient,
and other major methods of transportation such as the steam engine fared poorly as well. Only
about 10 percent of the fuel used in these types of engines actually moved a vehicle. The rest of
the fuel simply produced useless heat. This disturbing information inspired him to create an
engine with a higher efficiency , and he devoted much of his time to developing a "Combustion
Power Engine. You might see the words "diesel engine" and think of big, hefty cargo trucks
spewing out black, sooty smoke and creating a loud clattering noise. This negative image of
diesel trucks and engines has made diesel less attractive to casual drivers in the United States
â€” although diesel is great for hauling large shipments over long distances, it hasn't been the
best choice for everyday commuters. This is starting to change, however, as people are
improving the diesel engine to make it cleaner and less noisy. If you haven't already done so,
you'll probably want to read How Car Engines Work first, to get a feel for the basics of internal
combustion. But hurry back â€” in this article, we unlock the secrets of the diesel engine and
learn about some new advancements. The 4. See more diesel engine pictures. By: Marshall
Brain. If you have ever seen a World War II bomber like the B or the B, or if you have ever seen
or been on an old commercial airplane like a DC-3, then you are familiar with something called a
radial engine. In this article, you will learn how the radial engine works, what makes it different
from other engine configurations and why it fits in so well with airplanes. If you have read How
Car Engines Work , then you are familiar with the concept behind the four-stroke engine. Car
engines arrange pistons in three typical patterns, as shown here:. Each different configuration
has different smoothness, manufacturing cost and shape characteristics that make it more
suitable for certain vehicles. A radial engine is yet another configuration for the pistons, as we
will see in the next section. The radial engine idea is very simple -- it takes the pistons and
arranges them in a circle around the crankshaft, as shown here:. You can see in the illustration
that this is a five-cylinder engine -- radial engines typically have anywhere from three to nine
cylinders. The radial engine has the same sort of pistons, valves and spark plugs that any
four-stroke engine has. The big difference is in the crankshaft. Instead of the long shaft that's
used in a multi-cylinder car engine, there is a single hub -- all of the piston's connecting rods
connect to this hub. One rod is fixed, and it is generally known as the master rod. The others
are called articulating rods. They mount on pins that allow them to rotate as the crankshaft and
the pistons move. Radial engines reached their zenith during WWII. There are some radial
engines around today, but they are not that common. Most propeller-driven planes today use
more traditional engine configurations like a flat four-cylinder or modern gas turbine engines.
Gas turbines are much lighter than radial engines for the power they produce. One place where
you can still see the influence of the radial engine concept is in the two-cylinder engine of a
Harley Davidson motorcycle. It can be thought of, in a way, as two pistons from a radial engine.
In a Harley, both pistons share a single connection point to the crankshaft, like in a radial
engine. How Radial Engines Work. B bomber's are equipped with radial engines. See more
pictures of radial engines. Photo courtesy NASA. The Basic Idea " ". Click on image to see
animation Inline - The cylinders are arranged in a line in a single bank. Click on image to see
animation V - The cylinders are arranged in two banks set at an angle to one another. Click on
image to see animation Flat - The cylinders are arranged in two banks on opposite sides of the
engine. Inside a Radial Engine The radial engine idea is very simple -- it takes the pistons and
arranges them in a circle around the crankshaft, as shown here: This content is not compatible
on this device. Applications " ". They can produce a lot of power. A typical radial engine in a B
has nine cylinders, displaces 1, cubic inches Radial engines have a relatively low maximum rpm
rotations per minute rate, so they can often drive propellers without any sort of reduction
gearing. Because all of the pistons are in the same plane, they all get even cooling and normally
can be air-cooled. That saves the weight of water-cooling. The engine from a Harley can be
thought of as two cylinders from a radial engine. Lots More Information. Electric-propelled
boats, more environmentally friendly than gas-powered, are finally beginning to find their
market. HowStuffWorks takes a look. Cite This! How does a water cannon work? How
Helicopters Work. Engines and construction equipment are all complex machines. How do
some of these engines work, and how do they help us construct buildings and structures?
Electric-propelled boats, which are much quieter and more environmentally friendly than
gas-powered motorboats, are finally beginning to hit the waves and find their market. By Patrick
J. But the only people using this fully functional station are some tourists. By Dave Roos.
Magnetic levitation trains, aka maglev trains, can travel much faster than even bullet trains, with
less environmental impact. But they're very expensive to build. So, what's the future of maglev

trains? Train crashes are in the news lately, but are our fears justified? By Stell Simonton. In ,
the U. So who does? By Julia Layton. Imagine whipping through the sky at thousands of miles
per hour. This special type of jet engine can do exactly that. By Nicholas Gerbis. Ready for a
fifth mode of transportation? Elon Musk is. He's sketched out a proposal for a nearly
supersonic transportation system that could shoot you from San Francisco to Los Angeles
faster than you can watch an episode of "Game of Thrones. By John Perritano. One of the key
pieces of infrastructure that we could really use in the U. By Derek Markham, Planet Green. In
January , the citizens of Milan, Italy, were preparing for a strike that would shut down all public
transportation. By Jonathan Atteberry. Few are unfamiliar with the mixer trucks that transport
concrete from the factory to the construction site. How do they keep that stuff from hardening
while they move? By Eric Baxter. Antique steam shovels can still be found rusting away at old
mining sites or painstakingly restored and on display in museums the world over. How much do
you know about these mammoth-sized digging tools? By Akweli Parker. Forklifts are a
necessary tool in most warehouses, shipping depots and manufacturing facilities. In fact,
without forklifts, we wouldn't be able to move manufactured goods nearly as efficiently as we
do today. By Christopher Neiger. Science-fiction movies like "Minority Report" show people
taking individual public transportation to get around the city. Would people ever give up their
cars for a less-convenient mode of travel? By Jonathan Strickland. Oil tankers carry massive
amounts of oil, gasoline and other petroleum products between ports. However, crewmembers
must guard against explosions, pirates and more. We humans are mobile. Long before flight,
FusionMan or even your average automobile arrived on the scene, trains were transporting us
all over civilization. How did we get from horse-drawn carts to high-speed trains? By Craig
Freudenrich, Ph. Before water cannons, firefighters hauled bucket after bucket of water to
squelch flames. So why are law enforcement officials grateful for them? By Robert Lamb. We
may fantasize about soaring through the sky, but humans aren't aerodynamic creatures. Could
human flight be possible with personal jet packs? By Ed Grabianowski. Segway Inc. What does
it take to build an ATV? A radial engine has a unique setup that makes it ideal for certain
applications. Find out what makes radial engines different, how they operate and where they're
used. By Marshall Brain. In action movies, elevators regularly plummet to the basement, landing
in a spectacular ball of fire. Is this possible? There are some sophisticated engineering
techniques at work behind every elevator ride you take. By Tom Harris. You probably ride
escalators all the time, but do you know how they move, and flatten, and keep the handrail in
synch with the steps? Find out exactly what is going on inside an escalator. At first glance, it
looks like a high-tech scooter. But people who have tried out the Segway claim that it is much,
much more. Find out what's going on inside the Segway and what makes it so unique. We see
them all the time, but do you ever think about everything these machines do? A fire engine is a
combination personnel carrier, tool box and water tanker. Learn all about this amazing 3-in-1
machine. Hydraulic cranes perform seemingly impossible tasks, lifting ton objects with absolute
ease. See the simple design behind the Herculean results. Learn More. How Maglev Trains
Work. Who Rides Passenger Trains in the U. These Days? How Ramjets Work. How the
Hyperloop Works. How does public transportation help the environment? How Cement Mixers
Work. How Steam Shovels Work. How Forklifts Work. Does private transport have a future? How
Oil Tankers Work. How Trains Work. How does a water cannon work? How Jet Packs Work.
What's the Segway recall about? ATV Factory Tour. How Radial Engines Work. How Elevators
Work. How Escalators Work. How Segways Work. How Fire Engines Work. How Hydraulic
Cranes Work. By: Marshall Brain. Space exploration is complicated because there are so many
problems to solve and obstacles to overcome. You have things like:. But the biggest problem of
all is harnessing enough energy simply to get a spaceship off the ground. That is where rocket
engines come in. Rocket engines are, on the one hand, so simple that you can build and fly your
own model rockets very inexpensively see the links on the last page of the article for details. On
the other hand, rocket engines and their fuel systems are so complicated that only three
countries have actually ever put people in orbit. In this article, we will look at rocket engines to
understand how they work, as well as to understand some of the complexity surrounding them.
For example, a reciprocating gasoline 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. 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. Tune in to the Turbo
Channel -- the place to be for programming about cars, motorcycles, planes and everything else

with a motor. Imagine the following situation: You are wearing a space suit and you are floating
in space beside the space shuttle ; you happen to have a baseball in your hand. If you throw the
baseball , your body will react by moving in the opposite direction of the ball. The thing that
controls the speed at which your body moves away is the weight of the baseball that you throw
and the amount of acceleration that you apply to it. So let's say that the baseball weighs 1
pound, and your body plus the space suit weighs pounds. You throw the baseball away at a
speed of 32 feet per second 21 mph. That is to say, you accelerate the 1-pound baseball with
your arm so that it obtains a velocity of 21 mph. Your body reacts, but it weighs times more than
the baseball. Therefore, it moves away at one-hundredth the velocity of the baseball, or 0. If you
want to generate more thrust from your baseball, you have two options: increase the mass or
increase the acceleration. You can throw a heavier baseball or throw a number of baseballs one
after another increasing the mass , or you can throw the baseball faster increasing the
acceleration on it. But that is all that you can do. A rocket engine is generally throwing mass in
the form of a high-pressure gas. The engine throws the mass of gas out in one direction in order
to get a reaction in the opposite direction. The mass comes from the weight of the fuel that the
rocket engine burns. The burning process accelerates the mass of fuel so that it comes out of
the rocket nozzle at high speed. The fact that the fuel turns from a solid or liquid into a gas
when it burns does not change its mass. If you burn a pound of rocket fuel, a pound of exhaust
comes out the nozzle in the form of a high-temperature, high-velocity gas. The form changes,
but the mass does not. The burning process accelerates the mass. The "strength" of a rocket
engine is called its thrust. Thrust is measured in "pounds of thrust" in the U. A pound of thrust
is the amount of thrust it would take to keep a 1-pound object stationary against the force of
gravity on Earth. So on Earth , the acceleration of gravity is 32 feet per second per second 21
mph per second. If you were floating in space with a bag of baseballs and you threw one
baseball per second away from you at 21 mph, your baseballs would be generating the
equivalent of 1 pound of thrust. If you were to throw the baseballs instead at 42 mph, then you
would be generating 2 pounds of thrust. If you throw them at 2, mph perhaps by shooting them
out of some sort of baseball gun , then you are generating pounds of thrust, and so on. One of
the funny problems rockets have is that the objects that the engine wants to throw actually
weigh something, and the rocket has to carry that weight around. So let's say that you want to
generate pounds of thrust for an hour by throwing one baseball every second at a speed of 2,
mph. That means that you have to start with 3, 1-pound baseballs there are 3, seconds in an
hour , or 3, pounds of baseballs. Since you only weigh pounds in your spacesuit , you can see
that the weight of your "fuel" dwarfs the weight of the payload you. In fact, the fuel weights 36
times more than the payload. And that is very common. That is why you have to have a huge
rocket to get a tiny person into space right now -- you have to carry a lot of fuel. You can see the
weight equation very clearly on the Space Shuttle. If you have ever seen the Space Shuttle
launch, you know that there are three parts:. The Orbiter weighs , pounds empty. The external
tank weighs 78, pounds empty. The two solid rocket boosters weigh , pounds empty each. But
then you have to load in the fuel. Each SRB holds 1. The external tank holds , gallons of liquid
oxygen 1,, pounds and , gallons of liquid hydrogen , pounds. The whole vehicle -- shuttle,
external tank, solid rocket booster casings and all the fuel -- has a total weight of 4. To be fair,
the orbiter can also carry a 65,pound payload up to 15 x 60 feet in size , but it is still a big
difference. All of that fuel is being thrown out the back of the Space Shuttle at a speed of
perhaps 6, mph typical rocket exhaust velocities for chemical rockets range between 5, and 10,
mph. The SRBs burn for about two minutes and generate about 3. The three main engines which
use the fuel in the external tank burn for about eight minutes, generating , pounds of thrust
each during the burn. Solid-fuel rocket engines were the first engines created by man. They
were invented hundreds of years ago in China and have been used widely since then. The line
about "the rocket's red glare" in the national anthem written in the early 's is talking about small
military solid-fuel rockets used to deliver bombs or incendiary devices. So you can see that
rockets have been in use quite awhile. The idea behind a simple solid-fuel rocket is
straightforward. What you want to do is create something that burns very quickly but does not
explode. As you are probably aware, gunpowder explodes. In a rocket engine, you don't want an
explosion -- you would like the power released more evenly over a period of time. In this case,
instead of gunpowder, you get a simple rocket fuel. This sort of mix will burn very rapidly, but it
does not explode if loaded properly. Here's a typical cross section:. On the left you see the
rocket before ignition. The solid fuel is shown in green. It is cylindrical, with a tube drilled down
the middle. When you light the fuel, it burns along the wall of the tube. As it burns, it burns
outward toward the casing until all the fuel has burned. In a small model rocket engine or in a
tiny bottle rocket the burn might last a second or less. When you read about advanced solid-fuel
rockets like the Shuttle's solid rocket boosters, you often read things like:. This paragraph

discusses not only the fuel mixture but also the configuration of the channel drilled in the
center of the fuel. An "point star-shaped perforation" might look like this:. The idea is to
increase the surface area of the channel, thereby increasing the burn area and therefore the
thrust. As the fuel burns, the shape evens out into a circle. In the case of the SRBs, it gives the
engine high initial thrust and lower thrust in the middle of the flight. The disadvantages mean
that solid-fuel rockets are useful for short-lifetime tasks like missiles , or for booster systems.
When you need to be able to control the engine, you must use a liquid propellant system. We'll
learn about those and other possibilities next. In , Robert Goddard tested the first
liquid-propellant rocket engine. His engine used gasoline and liquid oxygen. He also worked on
and solved a number of fundamental problems in rocket engine design, including pumping
mechanisms, cooling strategies and steering arrangements. These problems are what make
liquid-propellant rockets so complicated. The basic idea is simple. In most liquid-propellant
rocket engines, a fuel and an oxidizer for example, gasoline and liquid oxygen are pumped into
a combustion chamber. There they burn to create a high-pressure and high-velocity stream of
hot gases. These gases flow through a nozzle that accelerates them further 5, to 10, mph exit
velocities being typical , and then they leave the engine. The following highly simplified diagram
shows you the basic components. This diagram does not show the actual complexities of a
typical engine see some of the links at the bottom of the page for good images and descriptions
of real engines. For example, it is normal for either the fuel or the oxidizer to be a cold liquefied
gas like liquid hydrogen or liquid oxygen. One of the big problems in a liquid-propellant rocket
engine is cooling the combustion chamber and nozzle, so the cryogenic liquids are first
circulated around the super-heated parts to cool them. The pumps have to generate extremely
high pressures in order to overcome the pressure that the burning fuel creates in the
combustion chamber. The main engines in the Space Shuttle actually use two pumping stages
and burn fuel to drive the second stage pumps. All of this pumping and cooling makes a typical
liquid propellant engine look more like a plumbing project gone haywire than anything else -look at the engines on this page to see what I mean. We are accustomed to seeing chemical
rocket engines that burn their fuel to generate thrust. There are many other ways to generate
thrust however. Any system that throws mass would do. If you could figure out a way to
accelerate baseballs to extremely high speeds, you would have a viable rocket engine. The only
problem with such an approach would be the baseball "exhaust" high-speed baseballs at that
left streaming through space. This small problem causes rocket engine designers to favor
gases for the exhaust product. Many rocket engines are very small. For example, attitude
thrusters on satellites don't need to produce much thrust. One common engine design found on
satellites uses no "fuel" at all -- pressurized nitrogen thrusters simply blow nitrogen gas from a
tank through a nozzle. Thrusters like these kept Skylab in orbit, and are also used on the
shuttle's manned maneuvering system. New engine designs are trying to find ways to
accelerate ions or atomic particles to extremely high speeds to create thrust more efficiently.
See this page for additional discussion of plasma and ion engines. Space Transportation
Systems. How Rocket Engines Work. HowStuffWorks See more rocket pictures. The vacuum of
space Heat management problems The difficulty of re-entry Orbital mechanics Micrometeorites
and space debris Cosmic and solar radiation The logistics of having restroom facilities in a
weightless environment. If you have ever shot a shotgun , especially a big gauge shotgun, then
you know that it has a lot of "kick. That kick is a reaction. A shotgun is shooting about an ounce
of metal in one direction at about miles per hour, and your shoulder gets hit with the reaction. If
you were wearing roller skates or standing on a skateboard when you shot the gun, then the
gun would be acting like a rocket engine and you would react by rolling in the opposite
direction. 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! 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. More on Rocket Engines. Photo
courtesy NASA. Thrust " ". Solid-fuel Rockets: Fuel Mixture " ". Solid-fuel Rockets: Channel
Configuration " ". The propellant mixture in each SRB motor consists of an ammonium
perchlorate oxidizer, The propellant is an point star-shaped perforation in the forward motor
segment and a double- truncated- cone perforation in each of the aft segments and aft closure.

This configuration provides high thrust at ignition and then reduces the thrust by approximately
a third 50 seconds after lift-off to prevent overstressing the vehicle during maximum dynamic
pressure. Simplicity Low cost Safety. Thrust cannot be controlled. Liquid-propellant Rockets "
". Robert H. Goddard and his liquid oxygen-gasoline rocket in the frame from which it was fired
on March 16, , at Auburn, Mass. It flew for only 2. The Future of Rocket Engines " ". This image
of a xenon ion engine, photographed through a port of the vacuum chamber where it was being
tested at NASA's Jet Propulsion Laboratory, shows the faint blue glow of charged atoms being
emitted from the engine. The ion propulsion engine is the first non-chemical propulsion to be
used as the primary means of propelling a spacecraft. Lots More Information. Humans have now
occupied the International Space Station for 20 continuous years. What does this international
cooperation say about the future of space exploration? Cite This! Related Content What and
where is the dark side of the moon? Could starships use cold fusion propulsion? The Stirling
engine is a heat engine that is vastly different from the internal-combustion engine in your car.
Invented by Robert Stirling in , 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. There are hundreds of
ways to put together a Stirling engine. In this article, we'll learn about the Stirling cycle and see
how two different configurations of this engine work. The key principle of a Stirling engine is
that a fixed amount of a gas is sealed inside the engine. The Stirling cycle involves a series of
events that change the pressure of the gas inside the engine, causing it to do work. Let's go
through each part of the Stirling cycle while looking at a simplified Stirling engine. Our
simplified engine uses two cylinders. One cylinder is heated by an external heat source such as
fire , and the other is cooled by an external cooling source such as ice. The gas chambers of the
two cylinders are connected, and the pistons are connected to each other mechanically by a
linkage that determines how they will move in relation to one another. There are four parts to
the Stirling cycle. The two pistons in the animation above accomplish all of the parts of the
cycle:. The Stirling engine only makes power during the first part of the cycle. There are two
main ways to increase the power output of a Stirling cycle:. This section described the ideal
Stirling cycle. Actual working engines vary the cycle slightly because of the physical limitations
of their design. In the next two sections, we'll take a look at a couple of different kinds of Stirling
engines. The displacer-type engine is probably the easiest to understand, so we'll start there.
Instead of having two pistons, a displacer-type engine has one piston and a displacer. The
displacer serves to control when the gas chamber is heated and when it is cooled. This type of
Stirling engine is sometimes used in classroom demonstrations. You can even buy a kit to build
one yourself! In order to run, the engine above requires a temperature difference between the
top and the bottom of the large cylinder. In this case, the difference between the temperature of
your hand and the air around it is enough to run the engine. The displacer moves up and down
to control whether the gas in the engine is being heated or cooled. There are two positions:. The
engine repeatedly heats and cools the gas, extracting energy from the gas's expansion and
contraction. In this engine, the heated cylinder is heated by an external flame. The cooled
cylinder is air-cooled, and has fins on it to aid in the cooling process. A rod stemming from
each piston is connected to a small disc, which is in turn connected to a larger flywheel. This
keeps the pistons moving when no power is being generated by the engine. You might be
wondering why there are no mass-market applications of Stirling engines yet. In the next
section, we'll take a look at some of the reasons for this. There are a couple of key
characteristics that make Stirling engines impractical for use in many applications, including in
most cars and trucks. Because the heat source is external , it takes a little while for the engine
to respond to changes in the amount of heat being applied to the cylinder -- it takes time for the
heat to be conducted through the cylinder walls and into the gas inside the engine. This means
that:. These shortcomings all but guarantee that it won't replace the internal-combustion engine
in cars. However, a Stirling-engine-powered hybrid car might be feasible. For more information
on Stirling engines and related topics, check out the links on the next page. Photo courtesy
American Stirling Company This engine can run using only the heat from your hand. See
pictures of 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. The Stirling Cycle. There are several properties of gasses that are critical to the
operation of Stirling engines: Advertisement. If you have a fixed amount of gas in a fixed

volume of space and you raise the temperature of that gas, the pressure will increase. If you
have a fixed amount of gas and you compress it decrease the volume of its space , the
temperature of that gas will increase. This content is not compatible on this device. 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. 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. The piston in the cooled
cylinder right starts to compress the gas. Heat generated by this compression is removed by
the cooling source. 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. Increase power output in stage one - In part one of the cycle, the pressure of the
heated gas pushing against the piston performs work. Increasing the pressure during this part
of the cycle will increase the power output of the engine. One way of increasing the pressure is
by increasing the temperature of the gas. When we take a look at a two-piston Stirling engine
later in this article, we'll see how a device called a regenerator can improve the power output of
the engine by temporarily storing heat. Decrease power usage in stage three - In part three of
the cycle, the pistons perform work on the gas, using some of the power produced in part one.
Lowering the pressure during this part of the cycle can decrease the power used during this
stage of the cycle effectively increasing the power output of the engine. One way to decrease
the pressure is to cool the gas to a lower temperature. Displacer-type Stirling Engine. The power
piston - This is the smaller piston at the top of the engine. It is a tightly-sealed piston that
moves up as the gas inside the engine expands. The displacer - This is the large piston in the
drawing. This piston is very loose in its cylinder, so air can move easily between the heated and
cooled sections of the engine as the piston moves up and down. When the displacer is near the
top of the large cylinder, most of the gas inside the engine is heated by the heat source and it
expands. Pressure builds inside the engine, forcing the power piston up. When the displacer is
near the bottom of the large cylinder, most of the gas inside the engine cools and contracts.
This causes the pressure to drop, making it easier for the power piston to move down and
compress the gas. Two-piston Stirling Engine. In the first part of the cycle, pressure builds,
forcing the piston to move to the left, doing work. The cooled piston stays approximately
stationary because it is at the point in its revolution where it changes direction. In the next
stage, both pistons move. The heated piston moves to the right and the cooled piston moves
up. This moves most of the gas through the regenerator and into the cooled piston. The
regenerator is a device that can temporarily store heat -- it might be a mesh of wire that the
heated gasses pass through. The large surface area of the wire mesh quickly absorbs most of
the heat. This leaves less heat to be removed by the cooling fins. Next, the piston in the cooled
cylinder starts to compress the gas. Heat generated by this compression is removed by the
cooling fins. In the last phase of the cycle, both pistons move -- the cooled piston moves down
while the heated piston moves to the left. This forces the gas across the regenerator where it
picks up the heat that was stored there during the previous cycle and into the heated cylinder.
At this point, the cycle begins again. This means that: Advertisement. The engine requires some
time to warm up before it can produce useful power. The engine can not change its power
output quickly. There are hundreds of ways to use a Stirling engine. Currently, Stirling engines
are used only in specialized applications, like in submarines or auxiliary power generators for
yachts. Why are Stirling engines not used? There hasn't yet been a successful mass-market
application for the Stirling engine. What can you power with a Stirling engine? Stirling engines
can be used in a number of ways. While they're usually found in submarines and yachts, they
can also be used for toys, wood stoves, air conditioning and heating systems, and more. What
type of engine is a Stirling engine? How long can a Stirling engine run? Stirling engines can run
for many years. Lots More Information. Related Content " ". What's the difference between
torque and horsepower? What's the connection between compression ratio and fuel economy?
Oil lubricates the pistons so they can glide inside the cylinders, and, without oil, pistons will get
stuck and the engine will come to a grinding halt. The water pump circulates the coolant which
draws heat from the engine. The coolant then returns to the radiator which disperses the heat.
As engine science has evolved, carburetion, port fuel injection and direct fuel injection have all
gotten the job done. The octane rating indicates how much the fuel can be compressed before
igniting the higher the number, the greater the compression potential. Also, a high octane
number is more resistant to engine knock. Your car engine is a complicated machine that takes
in fuel and air and creates movement. Think about that the next time the engine light comes on!
Car engines run on a four-stroke cycle â€” intake, compression, combustion and exhaust. When
fuel ignites in a cylinder, the piston moves the connecting rod up and down, which turns the

crankshaft and creates rotation. A timing belt, or timing chain, synchronizes the crankshaft and
the camshaft. The camshaft turns half as often as the crankshaft. A camshaft is a rotating rod
that opens and closes the valves with radial cams. Most modern engines have overhead cams,
meaning the camshaft is above the valves. Both forced induction methods, turbochargers and
superchargers get more air into the engine which can boost engine power. The starter motor
powers the engine for the first two strokes Intake and compression , at which point the engine
becomes self-sustaining. The car battery is responsible for powering the starter motor. From an
efficiency standpoint, internal combustion engines beat out external combustion engines. Water
can dampen the combustion process. Simply emptying the tank and adding new fuel is often
the best remedy. The VW Beetle was given an air-cooled engine because it cost less money to
manufacture. Many motorcycles use air-cooled engines, which are louder than liquid-cooled
models. The oil pan is bolted to the engine block and holds the oil that gets circulated through
your engine parts. Whether your car requires an oil change every three months or six months,
you need to keep your oil clean to keep your car engine running. Also, since some aging
engines tend to lose a bit, make sure the oil's volume stays where it needs to be. The ECM is the
computer that oversees the functions of your engine to make sure everything is running
efficiently. A power plant using natural gas heats water until it boils and turns to steam. This
turns a turbine and generates electricity. Fuel, compression and fire â€” these are just a few key
things that can go haywire under your hood. Did you know? The old-school VW Beetle is a
classic example of the flat configuration. No matter the name, engine knock can seriously mess
up your engine. From to around , Stanley Steamers outsold gasoline-powered automobiles.
Downsize to a four-cylinder engine and you can save some cash at the pump. After you start
your car, the alternator recharges the battery and keeps your electrical components running.
Running things from the battery alone will drain it rather quickly. Engine knock can be caused
by multiple issues, and automakers recommend putting in new spark plugs around 30, miles.
Diesel provides great fuel economy and is more energy dense than regular gasoline.
Maintenance cost for diesel engines, however, is generally more than gasoline engines. A spud
gun and a car engine both operate by igniting fuel in a chamber. The Otto cycle is named after
its inventor, Nikolaus Otto. How much do you know about dinosaurs? What is an octane rating?
And how do you use a proper noun? Lucky for you, HowStuffWorks Play is here to help. Our
award-winning website offers reliable, easy-to-understand explanations about how the world
works. From fun quizzes that bring joy to your day, to compelling photography and fascinating
lists, HowStuffWorks Play offers something for everyone. Because learning is fun, so stick with
us! Playing quizzes is free! We send trivia questions and personality tests every week to your
inbox. By clicking "Sign Up" you are agreeing to our privacy policy and confirming that you are
13 years old or over. The Engine Quiz By: Staff. Scroll To Start Quiz. The engine will seize. Air
intake and turbocharger. Battery and fan. Radiator and water pump. Carburetion, hybridization,
electrical charging. Fuel injection, infusion, circulation. Carburetion, port fuel injection, direct
fuel injection. A way to tell how fast a car can go. A way to tell how much the fuel can be
compressed. A way to tell how much the engine will wear out. How much nitrous oxide you can
use. An equation that determines when the turbo kicks in. Convert fuel into heat. Convert fuel
into motion. Convert fuel into exhaust. Intake, compression, combustion and exhaust. Injection,
rotation, combustion and exhaust. Injection, carburetion, rotation and exhaust. Deliver fuel to
the cylinders. Change linear to rotational motion. Keep cylinder heads in place. The flywheel to
the camshaft. The crankshaft to the camshaft. The cylinder head to the camshaft. Timing belt. A
set of gears that makes the wheels turn faster. A turbine that compresses the air traveling into
the engine. An injector that delivers fuel to the engine faster. Sends electricity to the spark
plugs, starting ignition. Sends electricity to the fuel pump, forcing the car to start. Cycles the
engine, starting the combustion process. They set off too many smoke alarms. They smelled
too bad. They are less efficient than car engines. Tesla Model S. Volkswagen Beetle. Ford Model
T. Hybrid cars. Oscar Mayer Wienermobiles. Lubrication, cooling, cleaning. Lubrication, getting
rid of exhaust smell, making gas more powerful. Cooling, cleaning, making more money for Jiffy
Lube. It gets too dirty to work. The oil evaporates in the summer. Engine car manager, which
controls the oil coming out of the engine. European custom mechanics, which helps race car
owners keep track of their modifications. Power plant. Firecracker engine. Hydroponic engine.
Lack of exhaust. Lack of water. Lack of spark. Inline, V and flat. Inline, flat and chrome. Banging
and clunking. Clicking and clacking. Pinging and detonation. The Watt The Stanley Steamer.
The Stephenson It's fuel-efficient. It uses watered-down gas. Spark plugs. Bad spark plugs.
Driving too fast. A loose latch on the car's hood. Because of coal rolling. Because the fuel
contains more energy. Because it's louder. A nuclear submarine. A giant robot. A spud gun.
Otto cycle. Tesla cycle. Compression cycle. Headers improve engine performance by making
the exhaust stroke less power intensive. Exhaust headers eliminate back pressure by giving

each cylinder its own exhaust pipe. Since well-inflated tires have less contact with the road,
they encounter less friction and the engine doesn't have to work as hard to move the car.
Engines tend to waste power during the exhaust stroke when they come up against the
resistance of back pressure. When nitrous oxide is heated, it splits into nitrogen and oxygen,
making more oxygen available to the engine during combustion. When it vaporizes, nitrous
oxide provides a cooling effect on the intake air, which increases the air's density and provides
even more oxygen inside the cylinder. Due to the bulk of nitrous oxide, it takes up a significant
amount of space even when compressed into a liquid. Drivers tend to carry only a small amount
and use it selectively by pushing a button. Using the exhaust flow from the engine, turbines in a
turbocharger can spin the air about 30 times faster than a regular car engine can -- at speeds of
up to , rpm. Dual overhead camshafts DOHC produce more power and can run at higher speeds
since they allow an engine to have at least four valves per cylinder. Although thousands of
minor things can create engine problems, the big three include a bad fuel mix, a lack of
compression and a lack of spark. Not all performance improvements boost horsepower or
increase speed. Fuel economy is one such sign of a better-performing engine. To become more
powerful, the engine needs to be modified to accept more air and more fuel. Installing a
supercharger is a fairly straightforward bolt-on procedure requiring basic tools. An upgraded air
filter improves airflow into the engine, allowing better combustion. Cold air is denser than warm
air, so it can be mixed with more fuel. Installing a performance chip is a simple plug-and-play
project. Most cars have computer chips that control engine function, and thus, engine power.
Performance chips change the factory settings to improve power. Switching to lightweight alloy
wheels can help improve performance as well as style. Disc brakes are a popular upgrade, in
part because they are lighter than drum brakes. Performance motor mounts, which are firmer,
help reduce wasted torque. A cold air intake adds about 5 to 7 horsepower. A cat-back exhaust
has straighter pipes, which improve exhaust flow. The catalytic converter can only be replaced
when necessary. Most car manufacturers actually advise against flushing modern engines, but
it may help engines in older cars. One source of poor performance is engine deposit buildup
caused by old or dirty oil. How much do you know about dinosaurs? What is an octane rating?
And how do you use a proper noun? Lucky for you, HowStuffWorks Play is here to help. Our
award-winning websit
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e offers reliable, easy-to-understand explanations about how the world works. From fun
quizzes that bring joy to your day, to compelling photography and fascinating lists,
HowStuffWorks Play offers something for everyone. Because learning is fun, so stick with us!
Playing quizzes is free! We send trivia questions and personality tests every week to your
inbox. By clicking "Sign Up" you are agreeing to our privacy policy and confirming that you are
13 years old or over. Scroll To Start Quiz. It heats the air. It adds special chemicals to the air. It
improves air flow. It improves the air-fuel mixture. It helps the engine spin faster. It takes
pressure off the radiator. Glass windows are lighter than acrylic windows. Disc brakes are
lighter than drum brakes. Original body panels are lighter than carbon fiber body panels. Install
firmer motor mounts. Install softer motor mounts. Install racing harnesses. The pipes are
curved. The pipes are straighter. The pipes are insulated with cat fur.

