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PART I READING COMPREHENSION

Lesson 1 Brief Introduction to the Marine Diesel Engines

The 2-Stroke Crosshead Engine

The 2-stroke crosshead engine has long been the favored main propulsive power unit for
most types of merchant vessels. As the price of oil rose, developments in the design of these

‘U This combined with major im-

engines allowed them to burn the poorer residual fuels
provements in turbocharger design and waste heat recovery, raised their efficiency and power
output, so they were able to win the steam turbine plants which operated at much lower effi-
ciencies,

The number of companies which design and build these engines (along with their licen-
sees) have reduced over the years due to takeovers, amalgamations, and closure. Three com-
panies still in business are MAN B& W (formed by the amalgamation of those two giants of
the industry); The Wartsila Corporation (formally Wartsila NSD) who design and build the
Sulzer engines; Mitsubishi Heavy Industries in Japan also design and build their own 2-
stroke engine, the UE.

Due to the longevity of these engines and the professionalism of the engineers in charge
of them, there are still ships sailing the globe powered by engines which are no longer built.
Doxfords, Gotaverkens, Fiats are names which may
bring back memories as well as the older designs of
Burmeister and Wain, Sulzer, and MAN.

Although the picture shown (Fig. 1) is of a Sul-
zer RTA engine, this text is intended to give a gener-
al insight into the design of the 2-stroke crosshead
engine, and it is not our intention to pick out any
particular engine for criticism, constructiveness or
otherwise. We chose this particular picture because
it was simple and clear. As a matter of fact, since
this picture was published, further modifications

have been made to this particular engine.

The Medium Speed 4-Stroke Trunk Piston Engine

The medium speed 4-stroke trunk piston engine



(Fig. 2) can be found on most medium to large merchant vessels even if the main engine is ei-
ther a steam turbine or a 2-stroke crosshead engine. In these cases it will often be found that
the electrical power is supplied by alternators driven by medium speed 4-stroke engines.
They are the favored method of propulsion on ships where head room is a minimum, for in-
stance, on ferries and passenger vessels, and where, as is the current trend for these ships,
diesel electric propulsion is utilized. Diesel electric propulsion allows the engines to be placed
wherever is most suitable, as they no longer have to be aligned with reduction gearing and

shafting as is the case with conventional installations.

Fig. 2

Generally, medium speed engines run at between 250850 rpm. Above this range they
are defined as high speed engines. Although not as powerful as their 2-stroke crosshead
cousins, the largest 4-stroke engines are delivering just over 2000kW per cylinder. Advances
in design and materials have led to an increase in efficiency, together with an increase in tur-
bocharger pressure ratios which allow a greater quantity of fuel to be burnt per cycle. Medi-
um speed engines have a higher power to weight ratio than the slow speed two strokes, but
due to the higher speeds tend to have reduced maintenance intervals”. The largest of these
engines have a bore of 640mm and a stroke of 900mm (Wartsila 64), although engines which
are nearly “square" are more the norm. For example, the Sulzer ZA40 has a bore of 400mm
and a stroke of 560mm or the MAN-B&. W 58/64 which has a bore of 580mm and a stroke of
640mm. A square engine is one where the bore is equal to the stroke.

The name “Trunk Piston" refers to the piston skirt or trunk. The purpose of the skirt
or trunk in four-stroke cycle engines is to act in a similar manner to a crosshead. It takes the
thrust caused by connecting-rod angularity and transmits it to the side of the cylinder liner,
in the same way as the crosshead slipper transmits the thrust to the crosshead guide”. With
such engines, which are termed trunk-piston engines, the engine height is considerably re-
duced compared with that of a crosshead engine of similar power and speed. The engine-man-
ufacturing costs are also reduced. It means of course that there is no separation between the
crankcase and the liner and piston. This has its disadvantages, especially when considering
the choice of lubricating oils when burning high sulphur residual fuels.
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New Words and Expressions

favored adj.
merchant adj.

waste heat recovery

takeover n.
amalgamation n.
closure n.
longevity n.
professionalism n.
intention n.
pick out

criticism n.
constructiveness n.
modification n.
ferry n.

diesel electric propulsion -
trunk-piston engine

high sulphur residual fuel

Notes to the Text

1. As the price of oil rose, developments in the design of these engines allowed them to
burn the poorer residual fuels.

2. Medium speed engines have a higher power to weight ratio than the slow speed two

strokes, but due to the higher speeds tend to have reduced maintenance intervals.
( ) ,
, o
,have  tend but o

3. The purpose of the skirt or trunk in four-stroke cycle engines is to act in a similar
manner to a crosshead. It takes the thrust caused by connecting-rod angularity and transmits
it to the side of the cylinder liner, in the same way as the crosshead slipper transmits the

thrust to the crosshead guide.



Exercise

I. Reading Comprehension.

Passage 1
The diesel engine is a form of internal combustion engine similar to that used in a bus.
Its power is expressed as brake horsepower. This is the power put out by the engine. Effec-
tive horsepower is the power developed by the piston in the cylinder, but some of this is lost
by friction within the engine. Large diesel engines, which have cylinders nearly 3 {t in diam-
eter, turn at the relatively slow speed of about 108 rpm. These are known as slow speed
diesel engines. They can be connected directly to the propeller without gearing. Although
higher power could be produced by higher revolutions, this would reduce the efficiency of the
propeller, because a propeller is more efficient the larger it is and the slower it turns. These
large slow running engines are used in the larger merchant ships, particularly in tankers and
bulk carriers. The main reason is their low fuel consumption. More and more of the large
merchant vessels are being powered by medium-speed diesel engines. These operate between
150 and 450 rpm, therefore they are connected to the propeller by gearing. This type of en-
gine was once restricted to smaller cargo ships, but now they are used in fast cargo liners as
well as in tankers and bulk carriers. They are cheaper than slow speed diesel engines, and
their smaller size and weight can result in a smaller, cheaper ship.
1. The diesel engine is similar to the gasoline engine in that
A. both of them are ignited by compressed air
B. both of them are the forms of external combustion engines
C. both of them have spark plugs
D. the power is developed by the piston in the cylinder
2. Which of the following statements is FALSE
A. The slow speed diesel engines can be connected to the propeller without reduction
gearing.
B. Higher power of the engine could be produced by higher rpm.
C. Higher power of the engine would increase the efficiency of the propeller.
D. The slower the propeller turns, the higher its efficiency will be.
3. The reason why more and more of the large merchant vessels are being powered by
medium-speed diesel engines is
A. they operate between 150 and 450 rpm
B. they are connected to the propeller by gearing
C. their smaller size and weight
D. they can be connected directly to the propeller without gearing
4. The brake horsepower is

A. effective horsepower



B. the power put out by the engine
C. the power developed by the piston in the cylinder
D. the power developed by the propeller

Passage 2

In steam turbines high pressure steam is directed into a series of blades or vanes attached
to a shaft, causing it to rotate. This rotary motion is transferred to the propeller shaft by
gears. Steam is produced by boiling water in a boiler, which is fired by oil. Recent develop-
ments in steam turbines which have reduced fuel consumption and raised power output have
made them more attractive as an alternative to diesel power in ships. They are 50 percent
lighter and on very large tankers some of the steam can be used to drive the large cargo oil
pumps. Turbines are often used in container ships, which travel at high speeds.

Gas turbines differ from steam turbines in that gas rather than steam is used to turn a
shaft. These have also become more suitable for use in ships. Many naval vessels are pow-
ered by gas turbines and several container ships are fitted with them. A gas turbine engine is
very light and easily removal for maintenance. It is also suitable for complete automation.

Nuclear power in ships has mainly been confined to naval vessels, particularly subma-
rines. But this form of power will be used more in merchant ships as oil fuels become more
expensive. A nuclear-powered ship differ from a conventional turbine ship in that it uses the
energy released by the decay of radioactive fuel to generate steam. The steam is used to turn
a shaft via a turbine in the conventional way.

1. How many types of marine engine are discussed in the passage

A. two
B. three
C. four
D. five

2. Steam turbines have become more attractive as an alternative to diesel power in ships

A. because their rotary motion is transferred to the propeller shaft by gears
B. because the steam can also to drive the large cargo oil pumps
C. because of the reduced fuel consumption and raised power output
D. because they are 50 percent lighter
3. Gas turbines differ from steam turbines in that
A. steam rather than gas is used to turn a shaft
B. vapor rather than gas is used to turn a shaft
C. the former uses gas to turn a shaft
D. the latter uses gas to turn a shaft
4. “radioactive fuel" refers to
A. the fuel possessing radioactivity
B. the residual oil
C. the fuel which is found by radio



D. the fuel which is active when received radio signals
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Fig. 3

II. Look at the illustration (Fig.3)below and choose the best answer.

1. The parts labeled “I and II", shown in the illustration are properly called the

A. intake and exhaust valves
B. scavenging poppets
C. fuel valves
D. exhaust valves
2. The engine cylinder illustrated is of the .
A. dry liner type
B. wet liner type
C. type integrally machined in the block
D. integral wet liner type
3. The combustion of fuel for the illustrated engine is initiated by .
A. a spray of fuel into a turbulence combustion chamber
B. fuel sprayed into an energy cell
C. fuel injection provided by a unit injector
D. individual Bosch fuel pumps

4. The engine shown in the illustration is a .



A. four-stroke/cycle on the exhaust stroke
B. two-stroke/cycle on the exhaust stroke
C. four-stroke/cycle on the intake stroke

D. two-stroke/cycle on the intake stroke

III. Put the following into English.
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Keys to the Exercises

Passage 1 1.D;2.C;3.C;4.B
Passage 2 1.B;2.C;3.C;4. A

11.

1.A;2.C;33. A4.C

I11.

1. Modern diesel engines make use of exhaust gas driven turbochargers.

2.
3.
4.

The pressurized air is usually cooled to increase the charge air density.
Gas exchange of diesel engine is the supply of fresh air and removal of exhaust gas.

Diesel engines are started by supplying compressed air into the cylinders in an appro-

priate sequence.

5.
6.

The fuel is ignited when it is injected into the hot, high temperature combustion.

In a four-stroke diesel engine, the cycle requires four separate strokes.

7. Diesel engine is a type of internal combustion engine, which is ignited by compres-
sion.

8. Both the diesel engine and the gasoline engine belong to the internal combustion en-
gine,

9. The diesel engine differs from the gasoline engine in that the former is ignited by
compression,

10. On motor ships, an exhaust gas boiler is often fitted to recover some of the heat car-

ried in the exhaust gas from the main engine.
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Lesson 2 The 4-stroke Cycle and the 2-stroke Cycle

The four-stroke cycle is so called because it takes four strokes of the piston to complete
the processes needed to convert the energy in the fuel into work. Because the engine is recip-
rocating, this means that the piston must move up and down the cylinder twice, and there-
fore the crankshaft must revolve twice. The four strokes of the piston are known as the suc-
tion stroke, the compression stroke, the power stroke, and the exhaust stroke.

1. SUCTION: The crankshaft is rotating clockwise and the piston is moving down the
cylinder. The inlet valve is open and a fresh charge of air is being drawn or pushed into the

cylinder by the turbocharger(Fig. 4a).

Fig. 4
2. COMPRESSION: The inlet valve has closed and the charge of air is being com-

pressed by the piston as it moves up the cylinder. Because energy is being transferred into

the air, its pressure and temperature increase. By the time the piston is approaching the top
of the cylinder (known as Top Dead Center or TDC), the pressure is over 100 bar and the
temperature over 500°(Fig. 4b).

3. POWER: Just before TDC fuel is injected into the cylinder by the fuel injector. The
fuel is “atomized" into tiny droplets. Because they are very small, these droplets heat up ver-
y quickly and start to burn as the piston passes over TDC. The expanding gas from the fuel
burning in the oxygen forces the piston down the cylinder, turning the crankshaft. It is dur-
ing this stroke that work energy is being put into the engine; during the other 3 strokes of
the piston, the engine is having to do the work (Fig. 4¢).

4, EXHAUST: As the piston approaches the bottom of the cylinder (known as Bottom
Dead Center or BDC) the exhaust valve starts to open. As the piston now moves up the cyl-
inder, the hot gases (consisting mostly of nitrogen, carbon dioxide, water vapor and unused
oxygen) are expelled from the cylinder. As the piston approaches TDC again the inlet valve
starts to open and the cycle repeats itself (Fig. 4d).



The two-stroke cycle is so called because it takes two strokes of the piston to complete
the processes needed to convert the energy in the fuel into work” . Because the engine is re-
ciprocating, this means that the piston must move up and down the cylinder, and therefore
the crankshaft must revolve once.

1. The crankshaft is revolving clockwise and the piston is moving up the cylinder, com-
pressing the charge of air. Because energy is being transferred into the air, its pressure and
temperature increase. By the time the piston is approaching the top of the cylinder (known as
Top Dead Center or TDC) the pressure is over 100 bar and the temperature over 500° (Fig.
5a).

2. Just before TDC fuel is injected into the cylinder by the fuel injector. The fuel is “at-
omized" into tiny droplets. Because they are very small, these droplets heat up very quickly
and start to burn as the piston passes over TDC. The expanding gas from the fuel burning in
the oxygen forces the piston down the cylinder, turning the crankshaft. It is during this
stroke that work energy is being put into the engine; during the upward stroke of the piston,
the engine is having to do the work (Fig. 5b).

3. As the piston moves down the cylinder, the useful energy from the burning fuel is
expended. At about 110°after TDC the exhaust valve opens and the hot exhaust gas (consis-
ting mostly of nitrogen, carbon dioxide, water vapor and unused oxygen) begin to leave the
cylinder (Fig. 5¢).

4. At about 140°after TDC the piston uncovers a set of ports known as scavenge ports.
Pressurized air enters the cylinder via these ports and pushes the remaining exhaust gas from

" The piston now goes past Bottom Dead

the cylinder in a process known as “scavenging
Center and starts moving up the cylinder, closing off the scavenge ports. The exhaust valve

then closes and compression begins (Fig. 5d).

a) b) ) d)
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New Words and Expressions

reciprocating adj.
clockwise adj.
approach .
atomize 0.

tiny adj.
expel . s
nitrogen n.
carbon dioxide

expend . s

scavenge ports

Notes to the Text

1. It is during this stroke that work energy is being put into the engine; during the oth-
er 3 strokes of the piston, the engine is having to do the work.
( ) , )
) ( ) o : , )
, .
“It is ---thate--” .
2. The 2-stroke cycle is so called because it takes two strokes of the piston to complete
the processes needed to convert the energy in the fuel into work.
« »

b

,“it takes +++ to do sth.” s e 7, “needed to convert
the energy in the fuel into work” , “processes”,
3. Pressurized air enters the cylinder via these ports and pushes the remaining exhaust
gas from the cylinder in a process known as “scavenging".

““ ”»
b

Exercises

I. Reading Comprehension.

Passage 1
In four-stroke cycle engines the head contains passages connecting to air supply and ex-
haust manifolds, and also carries the air and exhaust valves as well as the fuel injectors. Air

11



and exhaust valves are opened into the cylinder mechanically by push rods and rocker arms
operated by the camshaft, and are closed by the combination of pressure within the cylinder
and the force of the valve springs. The camshaft is gear or chain driven from the crankshaft
at one-half of crankshaft RPM, in order to complete one cycle of events in two revolutions.
In general, in two-stroke cycle engines, air is supplied to the cylinder through a row of
ports arranged around the circumference of the cylinder liner just above the BDC position of
the piston crown, the piston and ports therefore serving the same function as the air valves of
the four-stroke cycle engine. In loop-scavenged engines, exhaust also takes place through a
row of ports in the cylinder, these being arranged just above the air ports. Uniflow-scav-
enged engines (except opposed piston engines) exhaust takes place through a valve (or two
valves) in the cylinder head, which is operated by the camshaft. Since, in the two-stroke cy-
cle, one cycle of events is complete in each revolution of the crankshaft, the camshaft speed
is the same as that of the crankshaft.
1. What is the speed of the crankshaft in a four-stroke/cycle engine when the camshaft
is turning at 750 rpm
A. 375 rpm B. 500 rpm C. 750 rpm D. 1500 rpm
2. In a two-stroke/cycle diesel engine, the camshaft rotates at
A. twice the crankshaft speed
B. half the crankshaft speed
C. the same speed as the crankshaft
D. a speed independent of the crankshaft
3. Which of the following statements is FALSE
A. In loop-scavenged engines, exhaust ports are being arranged just above the air
ports.
B. In uniflow-scavenged engines, exhaust must take place through a valve (or two
valves) in the cylinder head.
C. In two-stroke cycle engines, air is supplied to the cylinder through scavenging
ports.
D. In two-stroke engine, it takes one revolution of the crankshaft to make one power
stroke.
4, Camshafts are usually driven by timing gears or
A. push rods
B. chain drives
C. rocker arms
D. flywheels
Passage 2
The cylinder cover is made of cast iron and is provided with two inlet valves, two ex-
haust valves, a central mounted fuel injection valve and an indicator valve. The inlet valves
are mounted with separate seating rings made of special heat-resistant cast iron. These rings
are pressed into the cylinder cover in cooled conditions. The exhaust valve seatings are spe-

12



cial, water-cooled seating rings. These rings are also pressed into the cylinder cover in cooled
conditions.

Each cylinder cover is provided with cooling water from a screwed-on tubular cooling
water jacket through radial bores in the thick bottom of the cover. Each of the radial bores is
connected to two side bores. The cover has further separate bores that lead to the cooling
water jacket and the bores in the cylinder cover to a common outlet chamber. The cylinder
cover and cylinder liner are assembled by means of four threaded studs screwed into the
frame. Tightening is effected by means of hydraulic tools, and sealing by means of a thin
ring mounted between the cylinder cover and the cylinder liner. A starting valve is mounted
on the side of the cylinder cover.

The engine has oil-cooled pistons of cast iron. The pistons are provided with three com-
pression rings and a spring-loaded scraper ring. A space for cooling oil is provided at the top
of the piston. The scraper ring prevents lubricating oil from being drawn up into the combus-
tion chamber.

Oil for cooling the piston crown is led from a bore in the crankshaft through a channel in
the connecting rod and the connecting rod journal, to the bushing for the gudgeon pin. This
bushing is provided with an annular groove from which part of the oil is led for lubricating
the gudgeon pin. The remaining oil continues through bores in the gudgeon pin and the pis-
ton to piston cooling chamber.

1. According to the passage, which of the following may be provided on top of the cylin-

der cover
A. two starting valves
B. a fuel injector
C. an indicator
D. all of the above
2. Which of the following is true
A. The inlet valve seating rings are of heat-resistant cast steel.
B. There are six studs by which the cylinder cover and liner are tightened.
C. The exhaust valve seatings are cooled by water.
D. A copper ring is mounted between the cylinder cover and the liner.
3. Which of the following is NOT true
A. The pistons are cooled by oil.
B. Four piston rings are fitted to each piston.
C. The scraper ring scrapes the oil downwards.
D. The piston cooling is of splash type.

4, This passage is mainly about
A. the cooling of the cylinder covers
B. the cooling of the piston

C. the working principle of the four-stroke diesel engine

=

the construction of the cylinder covers and pistons
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II. Look at the illustration(Fig. 6) below and choose the best answer.



