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Task 1 Introduction to the Elementary Knowledge of
the Four-stroke Engine

History

A four-stroke engine, also known as four-cycle, is an internal combustion engine in which the

piston completes four separate strokes—intake, compression, power, and exhaust—during two




separate revolutions of the engine’s crankshaft, and one single thermodynamic cycle.

There are two common types of engines, which are closely related to each other but have
major differences in their design and behavior. The earliest of these to be developed is the Otto
cycle engine which was developed in 1876 by Nicolaus A. Otto in Germany. This engine is most
often referred to as a petrol engine or gasoline engine, after the fuel that powers it. The main
components of a gasoline engine are shown in Fig. 1-1. The second type of four-cycle engine is the
Diesel engine developed in 1892 by Rudolf Diesel, also of Germany. Diesel created his engine to

maximize efficiency which was lacking in the Otto engine.

Camshaft

Spark Plug

Water Jacket

Piston —_ y d

f £ YY) ; )
Crankihaﬂﬁ / i Connecting Rod

Fig. 1-1 Main Components of a Gasoline Engine

Internal Combustion Engine

A vehicle engine is a self-contained 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 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 converted to useful mechanical energy by the piston and
crankshaft. The most common engine is the four-stroke engine. These four strokes are intake stroke,

compression stroke, power stroke and exhaust stroke.

Intake Stroke

The intake stroke (Fig. 1-2) of a four-stroke engine begins with the piston at top dead center (TDC).
The starter causes the crankshaft to rotate in a clockwise direction. The crankshaft forces the piston
to move downward through the connecting rod. This downward movement of the piston creates a
vacuum, a pressure difference between TDC and bottom dead center (BDC) 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
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cylinder. At the same time, the exhaust valve remains closed. This valve closure prevents the
entering air/fuel charge from 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. >

Compression Stroke

After the piston reaches bottom dead center, 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 (Fig. 1-3) 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.

Fig. 1-2 Intake Stroke Fig. 1-3 Compression 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 (Fig. 1-4). 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.
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Exhaust Stroke

Near the end of the downward movement of the piston on the power sfroke, 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 (Fig. 1-5). 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.

Fig. 1-4 Power Stroke Fig. 1-5 Exhaust Stroke

Flywheel

The engine cycle has only one power stroke where the piston is actually driving the crankshatft.
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,
a 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, the flywheel inertia resists it.

Multiple-cylinder Engine

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, vehicles have engines with four, six, or eight cylinders.

Engine Classification

For identification purposes, manufacturers classify automobile engines by their cylinder arrangement,

valve arrangement, and type of the system used to cool the engine. ®
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Engine manufacturers basically use three distinct ways to arrange the cylinders in an engine:
in-line, V-shape, or opposed (Fig. 1-6).

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.

Lo —

K

&

in-line type V-shape opposed type

[ | 4 o
] .

Fig. 1-6 [Engine Arrangement

Manufacturers also classify engines as being either air- or water-cooled (Fig. 1-7). In these
air-cooled engines, the cylinders are cooled by the air flowing around. A liquid-cooled engine uses
a liquid coolant as the medium to remove heat from the engine. 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. ” This coolant enters the engine from the bottom of the
radiator and circulates throughout the engine, where it absorbs heat. 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 and ready to flow

through the engine again.

Radiator Cap Radiator Fan Temperature Gauge

Thermostat
Water Jacket

Radiator 38g /)
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Fig. 1-7 Water-cooled Engine




. adjacent [a'd3e1sant]

. arrange [@'reind3]

. arrangement [a'reind3mant]
. attach [a'teet]]

. automobile ['a:temabi:l]

. burn [bs:n]

. camshaft ['keem[ a:ft]

. charge [t[a:d3]

. clockwise ['klokwaiz]

10. combustion [kam'bast[(a)n]

1. compress [kem'pres]

12. constitute ['konstitju:t]

13. continuously [kan'tinjussli]

14. convert [kan'vs:t]

5. coolant ['ku:lant]

6. crankshaft ['kreenk[ a:ft]
7. cylinder ['silinda(r)]

8. draw [dro:]

19. engine ['end3in]

20. even ['i:v(a)n]

1. expand [1k'speend]

22. expend [1k'spend]
23. flywheel ['flaiwi:l]
24, gasoline ['geesali:n]

25. ignite [1g'nart]

26. ignition [1g'n1f (a)n]

27. inertia [1'n3:[ 8]

28. intake ['1nteik]

29. introduction [1intra'dak| (a)n]
30. manifold ['meenifauld]

1. medium ['mi:diem]

32. movement ['mu:vmant]

33. passage ['peesid3]

34. piston ['pist(a)n]
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35. port [poa:t]

36. power ['paua(r)]

37. radiator [rerdierta(r)]
38. remain [r’'mein]

39. resist [rr'zist]

40. revolution [reva'lu:[(a)n]
41. spark [spa:k]

42. starter ['sta:ta(r)]

43. stroke [strauk]

44. tank [teenk]

45. travel ['treev(a)l]

46. unit [ju:nit]

47. vacuum ['veekjusm]

48. vehicle ['vi:ik(a)l]

Proper Names é

. air/fuel mixture

. atmospheric pressure

. bottom dead center (BDC)
. combustion chamber

. compression ratio

. compression stroke

. connecting rod
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. cylinder head

o

. engine block

10. exhaust stroke

11. exhaust valve

12. heat energy

13. intake manifold
14. intake stroke

15. intake valve

16. internal combustion engine
17. mechanical energy
18. power stroke

19. self-contained

20. spark plug
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21. top dead center (TDC) Fibs
22. water jacket KE

1. at the same time [, {H2
2. because of K14
3. result in S
4. side by side IHE, JFH
5. slow down (ff)1e Tk
6. so that FiriA, Bt
7. speed up JijIpT:
Key Vocabulary
1. arrange
ve. HiFl, #p

He arranged the books on the shelf. fthftl 1542 Fif) 4548 7 —F.
vt. &HF, HE
We have arranged a party. Ef1HE®S T — 1R
vi. FiE
Arranged with her to meet at 8. 1 % 5 8 s B WL [
arrange for “ZHf
2. expand
ve. RN, ¥k, §7K
The business has expanded from having one office to having twelve. XA &) &M 1153
A RIEEAFIA 12 AR T .
vi. JKIF, KRE
expand on ¥k
expand to §7 KK

.......

1. A vehicle engine is a self-contained power unit which converts the heat energy of fuel into
mechanical energy for moving the vehicle.

BIE: KAWURT A %30 D RE, 2 EURARL I AR RERL el LR, I THESh 44z 50 .
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i\3%: which converts... 5| 5 & & M A& self-contained power unit.

. 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.
BT (OIS ZEN FIBBEIN, ATRIE A AR A T RN UL, %I R AR AT R
&% during the downward movement of the piston fE I [HJ4R 5 M.

. This tremendous force pushes the piston downward on the power stroke, causing the connecting
rod to rotate the crankshaft.
% RO TR, BRI s AETEIE W T iZE), AT st .
#B3%: causing the connecting rod to rotate the crankshaft J&JL7E 531 {45 AR TE M A .

. This remaining pressurized gas flows comparatively freely from the cylinder through the passage
(port) opened by the exhaust valve.
BF: RO RS TN B HE IS BHEGE BN I R .

. To keep the crankshaft turning smoothly between two power strokes, a flywheel is attached to
the end of the crankshaft.
BE: b 7B PN A AR B AT R () AR M B, A ) fe s e TORER

. For identification purposes, manufacturers classify automobile engines by their cylinder
arrangement, valve arrangement, and type of system used to cool the engine.
EOE: RAIHLHIE R 15 TELHR AR B AR BV R G KRB R BT 432
¥&3%: for identification purposes 15 H R 5 .

. 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.
BE: KRR, REMWLTEAAR R &5 NI KEE, KEARE SRR,
IKEWTRA B BT R BN % EH
¥&87%: which 5| /)€ 15 M AJME M the water jackets.

. 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) Thus, the coolant leaving the lower tank is ready to flow through the engine again.
A. hot B. cool C. cold D. warm

. Translate the following into Chinese.
1) internal combustion engine  2) vehicle 3) power stroke




