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Unit I Introduction to the Four-stroke Engine

Internal Combustion Engine
The engine is a self-ontained power unit which converts the heat energy of fuel into mechanical
energy for moving the vehicle. ' Because fuel is burned within the engine, it is known as an

internal combustion engine. In the internal combustion  Camshaft

engine , air/fuel mixture is introduced into a closed cylinder
where it is compressed and then ignited. The burning of the
fuel causes a rapid rise in cylinder pressure which is Spark Plug
converted to useful mechanical energy by the piston and WaterJacket
crankshaft. The most common engine is the four-troke Fistn
piston engine. These four strokes are intake stroke,
compression stroke, power stroke and exhaust stroke. st
Intake Stroke

The intake stroke of a four-troke engine begins with Fig. 1-1

Engine

the piston at top dead center (TDC). The starter causes

the crankshaft to rotate in a clockwise direction. The crankshaft, through the connecting rod, forces
the piston to move downward. This downward movement of the piston creates a vacuum, a difference
in pressure, in the space above the piston. The engine manufacturer times the intake valve action so
that it opens automatically at or slightly before the piston starts down. Therefore, a mixture of
gasoline and air, pushed by the atmospheric pressure outside the engine, rushes through the intake
manifold and into the engine cylinder. At the same time, the exhaust valve remains closed during

this downward stroke of the piston. This valve closure prevents the entering air/fuel charge from
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escaping through the exhaust port. After the piston reaches the bottom of its first stroke, the cylinder
is practically full of an air/fuel charge. The drawing of an air/fuel charge into the cylinder in this
manner, during the downward movement of the piston, constitutes the intake stroke of the
piston. 2
Compression Stroke

After the piston reaches bottom dead center (BDC), it moves upward again as the starter
continues to turn the crankshaft in a clockwise direction. As the piston is beginning to move upward ,
the intake valve closes, and the exhaust valve remains closed. Since both valves are closed, the
piston compresses the air/fuel mixture in the small space between the top of the piston and the
cylinder head. As the piston reaches TDC again during its upward travel, the compression stroke of

the piston is over. The air/fuel charge is now under compression so that it will produce a great deal

of power when the spark plug ignites it.

Exhatst
Valve

Intake Stroke Compression Stroke Power Stroke Exhaust Stroke

Fig. 12 Engine Four-stroke

Power Stroke

Just as or slightly before the piston reaches TDC on the compression stroke with the air/fuel
mixture fully compressed, a timed electrical spark appears at the spark plug. This spark ignites the
compressed air/fuel mixture. The burning mixture begins to expand ; the pressure in the combustion
chamber above the piston immediately increases. This results in a high pressure applied to the top of
the piston. Now, both valves remain closed during the power stroke. This assures that the total force
of the expanding gas applies itself to the head of the piston. This tremendous force pushes the piston
downward on the power stroke, causing the connecting rod to rotate the crankshaft. *' In other
words, the force resulting from the expansion of the burning air/fuel mixture is turning the
crankshaft.
Exhaust Stroke

Near the end of the downward movement of the piston on the power stroke, the camshaft opens
the exhaust valve, but the intake valve remains closed. Although much of the gas pressure has
expended itself driving the piston downward, some pressure still remains when the exhaust valve
opens. This remaining pressurized gas flows comparatively freely from the cylinder through the
passage (port) opened by the exhaust valve. *' Then, as the piston again moves up in the cylinder,
it drives any remaining gases out of the cylinder past the open exhaust valve. In other words, while
the exhaust valve is open, the upward movement of the piston provides an effective method for
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discharging all waste gases from the engine cylinder and combustion chamber. As the crankshaft
nears the end of its second complete revolution, the piston again approaches the TDC position. At
this point the exhaust valve is closing and the intake valve starts to open. Both valves are open
together for a short period of time in order to accelerate the fresh air/fuel charge to flow into the
cylinder. As the piston travels through the TDC position and starts downward again in the cylinder,
a new operating cycle begins. The four strokes are continuously repeated in every cylinder as long as
the engine remains running.
Flywheel

The engine cycle has only one power stroke where the piston is actually driving the crankshaft.
During the other three strokes, the rotating crankshaft is moving the piston up or down in its
cylinder. Thus, during the power stroke, the crankshaft tends to speed up; during the other three
strokes, it tends to slow down. To keep the crankshaft turning smoothly between two power strokes,
the flywheel is attached to the end of the crankshaft. *) This wheel resists any effort to change its
speed of rotation. When the crankshaft tends to speed up or slow down, flywheel inertia resists it. In
fact, the flywheel absorbs power from the crankshaft during the power stroke and returns it to the
crankshaft during the remaining three piston strokes of the engine cycle.
Multiple-Cylinder Engines

The single-cylinder engine just described as above provides only one power stroke during every
two crankshaft revolutions or delivers power only one-fourth of the time. To provide a more even and
continuous flow of power, automobiles have engines with four, six, or eight cylinders. These engines
have power strokes arranged so as to follow one another closely or overlap one another.

Engine Classification

For identification purposes, manufacturers classify automobile engines by their cylinder
[6]

arrangement, valve arrangement, and type of system used to cool the engine.

Engine manufacturers basically use three distinct ways 5

to arrange the cylinders in an engine: in-line, V-shape, or

opposed. In-line engines, for example, have a single row L ) |_|JL
of cylinders, one behind the other. Most four-and six- 7 -
cylinder engines have this design. A V-type engine has two frtineType  Voshape Opposed Tope
rows or banks of cylinders. Also, the cylinders, at their Fig. 13 Engine Arrangement

centerlines, usually have an inclination of 60 or 90 degrees. Horizontally opposed engines have two
banks of cylinders 180 degrees apart.

Automobile engines have their valves arranged in one of three ways. In an L-head engine, the
valves are in the block, sitting side by side, adjacent to the cylinder. This engine design was at one
time very common, but because of its limited compression ratio, the usage now has been confined.
The F-type engine has one valve in the cylinder head and one in the engine block. Modern
automotive engines utilize the third type of valve arrangement, with both valves in the cylinder head.

Manufacturers also classify engines as being either air- or water-cooled. In these air-cooled

3
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engines, the cylinders are cooled by the air flowing around. Radiator Cap  Radiator Fan Temperature Gauge
A liquid-cooled engine uses a liquid coolant as the medium

to remove heat from the engine. With this system, the p_,.

engine has the water jackets in the block and head, which

surround the cylinders and combustion chambers and

through which coolant circulates freely. !”" This coolant

—_ |

enters the engine from the bottom of the radiator and Water Pump

circulates throughout the engine, where it absorbs heat. _ ,
Fig. 14 Water-cooled Engine

Then it exits from the upper water jackets and pours into the

upper portion of the radiator. As the coolant passes through the radiator, it picks up the heat

contained in the coolant and passes this heat to the air flowing around the radiator passages or tubes.

Thus, the coolant leaving the lower tank is cool ready to flow through the engine again.

New Words
1. introduction [ intro'dakf(a)n] n. , , , , ,
2. unit [ 'juinit] n. s , ,
3. vehicle [ 'witik(9)1] n. ,
4. engine [ 'endzin] n.
5. cylinder [ 'silindo(r) ] n. , ,
6. combustion [ kam'bast[(2)n] n.
7. burn [ bain] vi. vt.
8. convert [ kon'vo:t ] vt. ,
9. piston [ 'pist(a9)n] n.
10. crankshaft | 'kreepkfa:ft ] n.
11. ignition [igmif(9)n] n. s
12. intake [ ‘inteik ] n. s
13. starter [ 'sta:to(r) ] n.
14. clockwise [ 'klokwaiz ] adj. adv.
15. movement [ 'muivmgnt] n. s s
16. vacuum [ 'vekjuom ] n. adj.
17. gasoline [ 'geesolin ] n.
18. manifold [ 'menifould ] n. N
19. stroke [ strouk ] n. s
20. remain [ ri'mein ] vi. , ,
21. charge [ tfa:dz] n. ,
22. draw [ dro:] vt. ,
23. constitute [ 'konstitju:t ] vt. ,



24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49,
50.
51.
52.
53.
54.
55.

1.
2.
3.

compress [ kom'pres |

travel [ 'treev(r)l]

power [ 'paua(r) ]

ignite [ ig'nait |

spark [ spa:k]

revolution [ reva'lu:f(o)n]
expand [ ik'speend ]

apply [ a'plai]

expend [ ik'spend ]

passage [ 'peesidz ]

port [ post]

approach [ o'prout/ ]
accelerate [ ok'selareit ]
continuously [ koan'tinjuasli ]
attach [ o'teet] ]

resist [ ri'zist |

inertia [ i'na:fa]

even ['i:v(a)n]
automobile [ '5:tomabi:l ]
arrange [ 9'reindz ]
flywheel [ flaiwi:1]
arrangement [ 9'reindzmant ]
centerline [ senta(1)'lain]
inclination [ inkli'neif(9)n]
adjacent [ 9'd3zeisant ]
coolant [ 'ku:lont ]

medium [ 'mi:diom |
radiator [ 'reidieita(r) ]
tank [ teepk |

overlap [ ouvo'leep ]

bank [ bepk ]

camshaft [ 'kem[a:ft]

vt.
vt.

vt.

vt.

vt.

adv.

vt.

vt.

adj.

Phrases and Expressions

self-contained
internal combustion engine

heat energy
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gose |

. mechanical energy

. air/fuel mixture ( )

. compression stroke
. power stroke

4
5
6. intake stroke
7
8
9

. exhaust stroke
10. top dead center (TDC)
11. connecting rod
12. intake valve
13. atmospheric pressure
14. intake manifold
15. exhaust valve
16. bottom dead center ( BDC)
17. spark plug
18. speed up
19. slow down ()
20. combustion chamber
21. result in
22. side by side ,
23. compression ratio
24. cylinder head
25. engine block
26. water jacket

Notes on the Text

1. The engine is a self-contained power unit which converts the heat energy of fuel into
mechanical energy for moving the vehicle.
) ) °
.which converts--- 5
2. The drawing of an air/fuel charge into the cylinder in this manner, during the downward
movement of the piston, constitutes the intake stroke of the piston.
) o
:during the downward movement of the piston 0
3. This tremendous force pushes the piston downward on the power stroke, causing the
connecting rod to rotate the crankshaft.

b b (o}

:causing the connecting rod to rotate the crankshaft o



4. This remaining pressurized gas flows comparatively freely from the cylinder through the
passage ( port)opened by the exhaust valve.

5. To keep the crankshaft turning smoothly between two power strokes, the flywheel is attached
to the end of the crankshaft.

6. For identification purposes, manufacturers classify automobile engines by their cylinder
arrangement, valve arrangement, and type of system used to cool the engine.

: for identification purposes 5
7. With this system, the engine has the water jackets in the block and head, which surround

the cylinders and combustion chambers and through which coolant circulates freely.

b b b
-which the water jackets,
Exercises

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

1) In the internal combustion engine, air/fuel mixture is introduced into a closed
where it is compressed and then ignited.

A. tank B. spark C. cylinder D. flywheel

2)The air/fuel charge is now under so that it will produce a great deal of power when
the spark plug ignites it.

A. compression B. inflation C. vacuum D. ignition

3) As the crankshaft nears the end of its second complete revolution, the piston again

approaches the position.
A.BDC B. BBTC C. TDC D. ATDC
4)Thus, the coolant leaving the lower tank is ready to flow through the engine again.
A. hot B. cool C. cold D. warm
2. Translate the following into Chinese
1)internal combustion engine 2 ) vehicle 3) power stroke
4) exhaust valve 5) gasoline 6) liquid-cooled engine
7) flywheel 8) air-cooled engine 9) crankshaft
3. Translate the following into English
1) 2) 3)
4) 5) 6)
7) 8) 9)



4. Translate the following sentences into Chinese

1) In the internal combustion engine, an air-fuel mixture is introduced into a closed cylinder
where it is compressed and then ignited.

2)The intake stroke of a four-stroke engine begins with the piston at top dead center (TDC).

3) After the piston reaches bottom dead center (BDC), it moves upward again as the starter
continues to turn the crankshaft in a clockwise direction.

4) Just as or slightly before the piston reaches TDC on the compression stroke with the air/fuel
mixture fully compressed, a timed electrical spark appears at the spark plug.

5) The engine cycle has only one power stroke where the piston is actually driving the
crankshaft.
5. Translate the following passage into Chinese

The engine is considered by most to be the definitive factor of an automobile. It provides the
motivational force for the vehicle and drives the electrical and auxiliary systems required for
operation. The internal combustion engine changes energy forms to provide propulsion. Combustible
materials are detonated to create a forceful explosion (and thus expansion of gasses) that is then
converted into some form of rotational motion. This rotational force or torque is then applied to the
wheels to provide linear motion. Engines can consist of two or four-cycle piston units, turbines,

rotary units, or free piston units. The most common is the four-cycle piston engine.

Reading Material

Two-stroke Engine Operation

In the four-stroke engine, the complete cycle of events requires four piston strokes. In the two-
stroke engine, or two-stage engine, the intake and compression strokes and the power and exhaust
strokes are in a sense combined. This permits the engine to produce a power stroke every two piston
strokes, or every crankshaft rotation.

In the two-stroke engine, the piston acts as a valve, clearing valve ports in the cylinder wall as
it nears BDC. ') A fresh air-fuel charge enters through the intake port, and the burned gases exit
through the exhaust port. The complete cycle of operation is as follow: As the piston nears TDC,
ignition takes place. The high combustion pressures drive the piston down, and the thrust through
the connecting rod turns the crankshaft. As the piston nears BDC, it passes the intake and exhaust
ports in the cylinder wall. Burned gases, still under some pressure, begin to stream out through the
exhaust port. At the same time, the intake port, now cleared by the piston, begins to deliver air-fuel
mixture, under pressure, to the cylinder. >’ The top of the piston is shaped to give the incoming
mixture an upward movement. This helps to sweep the burned gases ahead and out through the

8



exhaust port.

After the piston has passed through BDC and starts up again, it passes both ports, thus sealing
them off. *' Now the fresh air-fuel charge above the piston is compressed and ignited. The same
series of events take place again and continue as long as the engine runs.

In most engines, this pressure is put on the mixture in the crankcase. The crankcase is sealed
except for a leaf, or reed, valve at the bottom. The reed valve is a flexible, flat metal plate that
rests snugly against the floor of the crankcase. There are holes under the reed valve that connect to
the engine carburetor. When the piston is moving up, a partial vacuum is produced in the sealed
crankcase. Atmospheric pressure lifts the reed valve off the holes, and air-fuel mixture enters the
crankcase. After the piston passes TDC and starts down again, pressure begins to build up in the
crankcase. This pressure closes the reed valve so that further downward movement of the piston
compresses the trapped air-fuel mixture in the crankcase. The pressure which is built up on the air-
fuel mixture then causes it to flow up through the intake port into the engine cylinder when the piston
moves down far enough to clear the intake port. -

The two-stroke engine is not only very simple but gives nearly twice the power of a four-stroke
engine from a cylinder of given size, but it is wasteful of gasoline, as some mixture inevitably finds
its way into the exhaust system on the combines intake/exhaust stroke, and there are always some
combustion products left in the cylinder which reduce the rapid burning of the fuel. This kind of

engine is always used in motorcycle.

New Words
1. require V.
2. combine V. ,
3. permit V.
4. clear n. s
5. stream V.
6. shape V. ,
7. sweep v. ,
8. seal V. ,
9. leaf n.
10. reed n.
11. rest vi. ,
12. snugly adv. ,
13. inevitably adv.
14. motorcycle n. ,



