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Project 1 Acquaintance with Diesel Engine

Diesel engines are mechanical devices that use controlled explosions ( combustions) of diesel
and air to rotate wheels. The reciprocating ( back and forth ) engine explodes the mixture (of diesel
fuel + air)in a cylinder that forces the contained piston to move. This movement of the piston is
transmitted (via the connecting rod) to a rotating device ( crankshaft shown as a simple red disc)
which is ultimately connected to the wheels (via gears, usually). The diesel engine is similar to the
4-stroke petrol engine. In theory, diesel engines and gasoline engines are quite similar. They are both
internal combustion engines designed to convert the chemical energy available in fuel into mechani-
cal energy. This mechanical energy moves pistons up and down inside cylinders. The pistons are con-
nected to a crankshaft, and the up-and-down motion of the pistons, known as linear motion, creates
the rotary motion needed to turn the wheels of a car forward.

Both diesel engines and gasoline engines covert fuel into energy through a series of small explo-
sions or combustions. The major difference between diesel and gasoline is the way these explosions
happen. In a gasoline engine, fuel is mixed with air, compressed by pistons and ignited by sparks
from spark plugs. In a diesel engine, however, the air is compressed first, and then the fuel is injec-
ted. Because air heats up when it’s compressed, the fuel ignites. The diesel engine therefore does not
require a sparking plug. The diesel fuel ( which is heavier and contains longer chain hydrocarbons ) is
injected directly into the cylinder when the air has been greatly heated by the compression stroke.

The diesel cycle goes like this:

1. When the piston is at the top of its travel, the cylinder contains a charge of highly com-
pressed air. Diesel fuel is sprayed into the cylinder by the injector and immediately ignites because of
the heat and pressure inside the cylinder.

The pressure created by the combustion of the fuel drives the piston downward. This is the pow-

er stroke (shown as Figure 1-1).

compressed air

Figure 1-1 Power and Exhaust Stroke

a) fuel injection and combustion;b) exhaust



2. As the piston nears the bottom of its stroke, all of the exhaust valves open. Exhaust gases
rush out of the cylinder, relieving the pressure (shown as Figure 1-1).

3. As the piston bottoms out, it uncovers the air intake ports. Pressurized air fills the eylinder,
forcing out the remainder of the exhaust gases (shown as Figure 1-2).

4. The exhaust valves close and the piston starts traveling back upward, re-covering the intake
ports and compressing the fresh charge of air. This is the compression stroke ( shown as Figure 1-2).

5. As the piston nears the top of the cylinder, the cycle repeats with step 1.

compressed air

fueley, 4

compressed air

fue

air intake air intake

Figure 1-2 Intake and Compression Stroke
o) sir intake; 1) press

Diesel’s story actually begins with the invention of the gasoline engine. Nikolaus August Otto
had invented and patented the gasoline engine by 1876. This invention used the four-stroke combus-
tion principle, also known as the “Otto Cycle”, and it’s the basic premise for most car engines to-
day. In its early stage, the gasoline engine wasn’t very efficient, and other major methods of trans-
portation 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.

In 1878, Rudolf Diesel was attending the Polytechnic High School of Germany (the equivalent
of an engine ring college ) when he learned about the low efficiency of gasoline and steam engines.
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”. By 1892 Diesel had obtained a patent
for what we now call the diesel engine.

If diesel engines are so efficient, why don’t we use them more often? 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 theUnited States—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, how-
ever, as people are improving the diesel engine to make it cleaner and less noisy.

Today’s Improved Diesel Engine Technology

If you haven’t driven a diesel powered car lately, you would be surprised at how much they
have improved. Gone are clanking engines, smelly exhaust, and anemic performance. @

Diesel rattle is eliminated by a combination of direct injection ( DI), common rail ( CR) fuel
distribution, unit fuel injectors, and pilot injection. With DI, fuel is injected directly into the cylin-

der rather than into a small side chamber as with older indirect injection (IDI). This helps provide
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the fine, high-pressure mist of fuel needed to eliminate knocks and rattles. High pressure also means
better fuel atomization, resulting in increased engine efficiency for more power and better fuel econo-

my (shown as Figure 1-3).

filter

injectors ECU

EDU: electronic driver unit
ECU: electronic control unit

Figure 1-3  Direct Injection and Common Rail

The common rail system uses an engine-driven pump that produces extremely high pressure fuel
delivered to the electrically-operated injector at each cylinder, via a single thick-walled tube——
the “common rail. ” Besides reducing characteristic diesel noise, the CR system can greatly increase
injection pressure over the older distributor pump type of injection systems, thus injecting a far finer
mist of fuel to enhance DI engine efficiency.

Diesel fuel has to be injected at very high pressures to counter the huge compression pressure in
the diesel engine. The higher the pressure, the more power is produced and the cleaner the exhaust
emissions. Another advancement is pilot injection, which injects a small amount of fuel prior to the
main injection, resulting in a more gradual increase in combustion chamber temperature. This elimi-
nates the diesel knocking and rattling caused by a sudden increase in temperature. All this is made
possible by sophisticated electronic injection control systems.

Today’s diesel engines are usually turbocharged and most are intercooled. Turbochargers com-
press the air supplied to the engine, or in automotive terms, improve engine “breathing. ” More air
means more fuel can be combusted, leading to increased power output. Exhaust gases spin the
turbocharger’s turbine at speeds of up to 150,000 rpm, which rotates an air pump that provides a
“boost” of air higher than atmospheric pressure for more powerful combustion. Because the turbo-
charger is driven by engine exhaust, temperatures are very high. Countering this is an intercooler,
either an air-to-air or water-to-air heat exchanger, that’s used to cool down the hot compressed air
exiting the turbocharger. Cooler air takes up less volume, so more air can be delivered to the cylin-
ders to produce more power.

Recognizing American’s demand for vehicles offering good fuel economy without compromising
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utility, cargo capacity, and performance, Mercedes-Benz is one of those leading the way by offering
several diesel models. The E320 CDI, which has been offered for several years, has been replaced
by the E320 BLUETEC luxury sedan. The E320 BLUETEC is the only diesel-powered luxury sedan
available in the U. S. that can deliver an estimated 780 miles on a tank of fuel. In addition, there is
the new ML320 CDI, R320 CDI, and GIL.320 CDI-all SUVs. As of now, these four diesel models are
not available in California, Maine, Maryland, New York, and Vermont because they do not pass the
more stringent emission requirements in these five states.

The Department of Energy estimates that a 30 percent market penetration of light-duty diesel ve-
hicles by 2020 would reduce U. S. net crude oil imports by 350,000 barrels per day. In California
alone, gradually increasing the use of currently-available clean diesel technology in cars, pickups,
and SUVs to levels seen today in Europe could save the state 110 million gallons of gasoline per year
by 2010, and up to 840 million gallons per year by 2030.

Diesel is on the rise in America: The forces holding it back-namely long-held stigmas and emis-
sions concerns — are quickly being overcome by technology and now, of course, cleaner diesel fuel.

A new generation of clean diesel vehicles selling in large numbers opens the door for biodiesel
to play a bigger role as well. This clean-burning fuel is derived from domestically produced agricul-
tural products and runs in a diesel engine with little or no modifications, reducing both emissions
and energy dependence.

Plus, diesels could factor favorably into the future of the popular hybrid as well. Just imagine
the fuel economy that could be achieved by combining the fuel-saving benefits of hybrid-electric
technology with an inherently efficient diesel engine. For example, Daimler Chrysler has developed a
“mild hybrid” that combines the 3-liter BLUETEC V-6 diesel with a high-torque electric motor.

With all this potential, we expect to be hearing a lot more about diesel in the years ahead.
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Proper Names

1. 4-stroke petrol engine

2. sparking plug
3. Otto Cycle

4. power stroke

5. compression stroke
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Notes

(DThis negative image of diesel trucks and engines has made diesel less attractive to casual

drivers in the United States—although diesel is great for hauling large shipments over long distances,

it hasn’t been the best choice for everyday commuters.
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@Gone are clanking engines, smelly exhaust, and anemic performance.
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Exercises

1. Choose the best answer from the following choices according to the text.

: piston moves down, air + diesel fuel mixture drawn in. . piston moves
up, air + fuel mixture compressed until it explodes. : piston pushed down by exploding
air + fuel mixture. : piston moves up, spent gases pushed out through exhaust.

A. INTAKE B. COMPRESSION C. EXHAUST D. POWER
2. Translate the following into Chinese.
1) diesel engine 2) direct injection 3) fuel injectors

3. Translate the following into English.
1) #hbe 2) 1772 3) ¥

Practical Reading

Internal Combustion Engine

RERLIAIR

A car engine is an internal combustion engine—combustion takes place internally. There are
different kinds of internal combustion engines. Diesel engines are one form and gas turbine engines
are another. See also the articles on HEMI engines, rotary engines and two-stroke engines. * Each
has its own advantages and disadvantages.

There is such a thing as an external combustion engine. A steam engine in old-fashioned trains
and steam boats is the best example of an external combustion engine. The fuel (coal, wood, oil,
whatever) 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 (takes less fuel per mile) than external
combustion, plus an internal combustion engine is a lot smaller than an equivalent external combus-
tion engine. This explains why we don’t see any cars from Ford and GM using steam engines.

The principle behind any reciprocating internal combustion engine: If you put a tiny amount of
high-energy fuel (like gasoline)in a small, enclosed space and ignite it, an incredible amount of
energy is released in the form of expanding gas. Almost all cars currenily use what is called 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 1867. The four strokes are intake
stroke, compression stroke, combustion stroke and exhaust stroke.

Notice that the motion that comes out of an internal combustion engine is rotational. In an en-
gine the linear motion of the pistons is converted into rotational motion by the crankshaft. The rota-

tional motion is nice because we plan to turn (rotate)the car’s wheels with it anyway.
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Basic Engine Parts (shown as Figure 1-4)
0 Camshalfl

Q Valve Cover
@ Inake Valve
o Intake Port
O Head

@ Coolani

® Engine Block
@ 0il Pan

0 0il Sump

o Spark Plug
@ Exhaust Valve
o Exhaust Port
@ Piston

@ Connecting Rod
0 Rod Bearing
@ Crankshafi

Figure 1-4  The Structure of the Internal Combustion Engine
The core of the engine is the cylinder, with the piston moving up and down inside the cylinder.
The engine described above has one cylinder. That is typical of most lawn mowers, but most cars
have more than one cylinder (four, six and eight cylinders are common). In a multi-cylinder en-
gine, the cylinders usually are arranged in one of three ways: inline, V or flat (also known as hori-

zontally opposed or boxer) ® (shown as Figure 1-5).

b) ‘ c)
Figure 1-5 The Arrangement of Cylinders
a)inline;b) type;c) flat

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.

Let’s look at some key engine parts in more detail.

Spark Plug

. The spark plug supplies the spark that ignites the air/fuel mixture so that combustion can oc-

cur. The spark must happen at just the right moment for things to work properly.

Valves

The intake and exhaust valves open at the proper time to let in air and fuel and to let out ex-
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haust. Note that both valves are closed during compression and combustion so that the combustion
chamber is sealed.

Piston

A piston is a cylindrical piece of metal that moves up and down inside the cylinder.

Piston Rings

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 :

They prevent the fuel/air mixture and exhaust in the combustion chamber from leaking into the
sump during compression and combustion.

They keep oil in the sump from leaking into the combustion area, where it would be burned and
lost.

Connecting Rod

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.

Crankshaft

The crankshaft turns the piston’s up and down motion into circular motion just like a crank on a
jack-in-the-box does.

Sump

The sump surrounds the crankshaft. It contains some amount of oil, which collects in the bottom

of the sump (the oil pan).

Word List
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4. incredible[ in'kredabl adj. AN]SR s N 5 ME DL B A 1
5. crankshaft[ 'kregk fa . ft | n. ( NERPLIEY) i, il As b
Proper Names
1. HEMI engine FERIE R % 1) & Bh AL
2. in honor of B 1) RN
3. lawn mowers PP AL
Notes

(DSee also the articles on HEMI engines, rotary engines and two-stroke engines.

hemispherical combustion chamber engine 7] 45 5y HEMI engine, A] <M —F R &R E 5
— 2R AR 24 HEML RSP — A 1 E R , SR, HEMI % Sl AL 2k A i 47 10 1V 120 2
A ERIE R e 2 PREL S5 1

(2In 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).
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