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UNIT 1 MARINE DIESEL ENGINES
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The majority of ships around the world continue to be powered exclusively by dieset engines.
The predominance of diesel engines has come from improved engine efficiencies and designs

compared to other forms of propulsion such as steam or gas turbines. Many combinations and
configurations of diesel engine power plant exist.
Slow speed diesel engines
Slow speed diesel engines are large, especially tall, and heavy and operate on the two-stroke
cycle. These are the largest diesel engines ever built. Engine powers up to 100,000 kW are available
from a single engine. They are tall to allow for long strokes which improve engine efficiency. The
large physical size of the engine and components leads to slow rotational speed with speeds up to
300 rpm considered to be slow. For equivalent power output, the two-stroke diesel engine is
significantly lighter than the fourstroke one. This is most apparent for large power requirements
where the two-stroke engine produces much more power for the same weight.
Large, slow speed, two-stroke marine diesel engines offer the advantages of}
1. bumning poorer quality, cheaper fuel
2. providing large power from a single, less complicated machine comprising fewer individual
cylinders and moving parts
3. having a low rotational speed allowing them to be directly coupled to the propeller and
removing the need for gearboxes, and
4. being reversible and thus eliminating the need for reversing gear or controllable pitch
propellers.
Merchant ships driven by slow speed diesel engine will usually have a single large main engine
directly coupled to a single fixed pitch propeller. The thrust forces from the propeller will be
transferred to the hull of the ship through a thrust bearing .
Medium speed, four-stroke diesel engines
Medium speed engines operate in speed ranges from 300 to 900 t/min. The majority of
medium speed engines operate on the four-stroke cycle. They are most common as the propulsion
engines in smaller ships, ro-ro and passenger ships. They are used widely as the electrical power
generation engines in most merchant cargo ships.
Four-stroke engines have more moving parts, are more complex and produce less power for
equivalent weight compared to two-stroke slow speed engines. Medium speed engines do,
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however, offer several advantages.

1.

The engines are compact—they are not long or high, this allows them to fit in engine rooms
with low head space such as those in ro-ro ships.

Medium speed engines use less oil than slow speed engines.

Recent developments have produced medium speed engines capable of buming low quality
heavy fuel oil.

Engines of considerable power, to 25,000 kW and more, have been developed, allowing a large
power system to be achieved with compact engines and engine room. This makes them suitable
for passenger ship applications where the smaller the space provided for engines and machinery
the more space is available for paying passengers.

Most medium-speed diesel engines are non-reversible meaning that a controllable pitch

propeller is usually employed to cater for astern thrust.

High-speed diesel engines

The most common diesel engine throughout the world is the high-speed engine. The majority

of these engines operate on the four-stroke cycle but a significant proportion utilize the two-stroke

cycle. These engines have running speeds over 1,000 r/min and are ideally suited to driving

land-based vehicles such as buses and trucks. The application of high-speed diesel engines as

propulsion engines at sea is limited to smaller vessels such as tugs, ferries and barges etc.. They are

regularly used for electrical power generation in support of a medium-speed propulsion engines and

on large ships their use is limited to emergency power generation to small applications such as

diesel driven emergency pumps and compressors.

Words and Phrases

exclusively [ik'sklu:sivli] ad. HES M, £ H
diesel ['di:zal] n. S
predominance [pri'dominans] n. R
efficiency [i'fif onsi] n P E I
turbine [ta:bin, -bain] . WRES
configuration [kenfigju'reif an] n. ik, 45k
stroke [strouk] n Mz
cycle ['saikl] n. R, 1RER
component [kem'paunant] n. R,
rpm-revolution per minute BF 3 BT
equivalent [i'kwivalant] a AHER, MK

n MYy, HEY
comprise [kem'praiz] v aE, B 20k
cylinder ['silinda] n aving
couple [kapl] v, e, ER



propeller [pra'pelsa] n. HEBE28 MRS
gearbox ['gisboks] n. R
reversible [ri've:sabl] a AT [ 1)
eliminate [ilimineit] v. HERR, B
reversing gear e e HLIE)
controllable pitch propeller AR PR R EER, PR
fixed pitch propeller ] 2 WR PR, E R
thrust bearing HE
ro-ro ship by
compact ['kompeekt] a. REN, EEW
engine room HlLAE
cater for Uiy
astern [as'tain] ad. MR
proportion [pre'po:fan] n. L, 5
utilize [ju:tilaiz] W FUHI
tug [tAg] n. HEAN
ferry [feri] n R, R
barge [ba:d3z] n. Wdi it
emergency [i'ma:d3nsi] n. PSS
pump [pAmp] n. x

. (FZE)RI(K)
compressor [kem'presa] n. JE4EHL

Notes

The predominance of diesel engines has come from improved engine efficiencies and designs
compared to other forms of propulsion such as steam or gas turbines.
54T R A HERESE B Wz LR S AE AT L, S LA 38 Ar T oht B RS R
vt
2. This makes them suitable for passenger ship applications where the smaller the space provided
for engines and machinery the more space is available for paying passengers.
XX EHPES TREZM L, EEM DRSPS SR REN, TTEgRE
%% TH) AR

“where...” AWREMA]. HH “the smaller...the more...” ATER LLE K AIL5#,
1% B - SRLLELY: < ALELRD ”, N 111 The farther north you go, the more severe the winters are. 1%
BEALE, LRMEFES.



|||IHIIIl|||I|I||II|I|IIIIIIIIII||||III|I|IIIIIIllllII|IlIIIHIIIIIIIHIIIIIIIIII|||l||IIIIIIllllllIII|IIIIIIIII|IlllllllI|||IIlllIIIIHIIIHIIIIIIIIHII
HH‘\”HH“““H\H”“‘HT‘EXT B How Does a Marine Diesel Engine Work?
|IlllllllllllllllllllllllIIlIHHHHHHIIH||||II||H|I|IIIIlllllIIIIIIHIII|lII|IIIIIllI||||IIIIIHIIlHlHIIIIIIIIII | ERRRRRTRSRRALEAIN

I

The diesel engine is a type of internal combustion engine which ignites the fuel by injecting it
into hot, high pressure air in a combustion chamber. The marine diesel engine is a type of diesel
engine used on board ships. The principle of its operation is as follows:

A charge of fresh air is drawn or pumped into the engine cylinder and then compressed by the
moving piston to very high pressure.

When the air is compressed, its temperature rises so that it ignites the fine spray of fuel injected
into the cylinder. The burning of the fuel adds more heat to the air charge, causing it to expand and
force the engine piston to do work on the crankshaft which in turn drives the ship’s propeller.

The operation between two injections is called a cycle, which consists of a fixed sequence of
events. This cycle may be achieved either in four strokes or two. In a four-stroke diesel engine, the
cycle requires four separate strokes of the piston, i.e. suction, compression, expansion and exhaust.
As its name implies a two-stroke cycle takes place in two consecutive strokes of the engine piston,
or one revolution of the crankshaft. Thus each operation in the cycle is repeated during every
revolution of the engine. The two strokes of the cycle may be termed: compression stroke and
power or expansion stroke. Its operation is as follows:

Fig. 1-a Two-stroke cycle
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1. The crankshaft is revolving clockwise and the piston is moving up the cylinder, compressing
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°C.

2. 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 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. )

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 (consisting mostly of
nitrogen, carbon dioxide, water vapour and unused oxygen) begin to leave the cylinder.

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
cylinder in a process known as “scavenging”. The piston now goes past Bottom Dead Centre and
starts moving up the cylinder, closing off the scavenge ports. The exhaust valve then closes and
compression begins.

The two stroke cycle can also be illustrated on a timing diagram.

TP 1 - 2 Compression 1. approx 110° BTDC
2 - 3 Fuel Injection 2. approx 10° BTDC
3 -4 Power 3. approx 12° ATDC
4 - 5 Exhaust Blowdown 4. approx 110° ATDC
5 - 6 Scavenging 5. approx 140° ATDC
6 - 1 Post Scavenging 6. approx 140° BTDC

Fig. 1-b Two-stroke cycle and timing diagrams

The main difference between the two-stroke and the four-stroke cycles is the power developed.
The two-stroke cycle engine, with one working or power stroke every revolution, will,
theoretically, develop twice the power of a four-stroke engine of the same swept volume. Inefficient
scavenging however and other losses, reduce the power advantage to about 1.8. For a particular
engine power the two-stroke engine will be considerably lighter—an important consideration for
ships. Nor does the two-stroke engine require the complicated valve operating mechanism of the
four-stroke. The four-stroke engine however can operate efficiently at high speeds, which offsets its
power disadvantage; it also consumes less lubricating oil.

Each type of engine has its applications, which on board ship have resulted in the slow speed
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(i.e. 80 t0100 r/min) main propulsion diesel operating on the two-stroke cycle. At this low speed the
engine requires no reduction gearbox between it and the propeller. The four-stroke engine (usually
rotating at medium speed, between 250 and 750 r/min) is used for auxiliaries such as alternators and
sometimes for main propulsion with a gearbox to provide a propeller speed of between 80 and

100 r/min.

Words and Phrases
ignite’ [ig'nait] v Bk, Bk
chamber [tfeimba] n. =, [EIHE
principle ['prinsapl] n. JRI, JREE
compress [kem'pres] v E48
inject [in'd3ekt] v. ES, mi
injection [in'd3zekfan] n. S, wis
sequence ['sitkwans] n. W, WF, 73
suction ['sakfan] n PN
imply [im'plai] v R, B
consecutive fken'sekjutiv) a HEL, ERR
TDC Top Dead Center ell=1
bar [ba:(r)] n. B ESRBA)
injector [in'd3ekta] n. MV 2%
atomize [eetomaiz] v. AL 1% 27N
droplet ['droplit] n. /NiE
oxygen ['oksid3an] n. [KEAE=
nitrogen ['naitradzan] n. (LI
carbon dioxide e =E AR
port [pa:t] n. o, A, KO
scavenge ['skaevind3z] v. A5
pressurize ['preferaiz] v BE, ff-----E
via ['vais, 'vi:a] prep. %, WL, £i
BDC Bottom Dead Centre Fibs
illustrate [ilastreit] 2P, Eff
timing [‘taimin] SERF
diagram [daiagrem] n Ex
theoretically [Bia'retikali] ad. ik
swept volume ' B
inefficient Lini'fif ant] a BFRIEH, BEEN
mechanism [mekanizem] Wb E, YK
offset ['0:fset] v. HH, R4p



application [.eeplikeif an] n. N, ZH

auxiliary [2:gziljeri] a. BN
alternator ['o:lta(:)neita] n. AR EHL
Notes

1. The burning of the fuel adds more heat to the air charge, causing it to expand and force the engine
piston to do work on the crankshaft which in turn drives the ship’s propeller.

PR EIRBEER LA U T 2 3ARE, A UK A M R Zh LIS 28 X3 thVEDh, B
RIS TR

1ZA]A1E 4 “The bumning of the fuel” ,  “causing it.. .the ship’s propeller” JAERLE 2515
(S SINES

2. The two-stroke cycle engine, with one working or power stroke every revolution, will,
theorctically, develop twice the power of a four-stroke engine of the same swept volume.
BEFAT- A AR SAE DR — B AR AR 7 A A Sh 32 A R HE R DD b 2
KREANHLEIPAT .

With e IS A siil, JoRfEBC R

3. Nor does the two-stroke engine require the complicated valve operating mechanism of the

four-stroke.

Z PRI HA AN LU PR R B A 1 AR L

AR ER S  IE S, AREERR Z pP R B3

nor: (JA(EH @G, WHSEW--BOMFT IR, HEEEEF) B
e.g. They arc happy, nor nced we worry. B TARTEHS, FRfi THAS AL,

4. The four-stroke engine (usually rotating at medium speed, between 250 and 750 r/min) is used for
auxiliarics such as alternators and sometimes for main propulsion with a gearbox to provide a
propeller speed ot between 80 and 100 r/min.

POreseil GEF LIrhdhas, #dE250~750 vmin) TR ML, AR,
JIDGER AL 80~100 r/min A IE

Exercises

I. Answer the following questions according to the text:

According to the revolutions of the crankshaft, how can diesel engine be divided into?
What advantages do large, slow speed, two-stroke marine diesel engines offer ?
What is the speed range of medium speed engines ?

What advantages do medium speed engines offer ?

What is the application of high-speed diesel engines?

What does the term  “cycle” mean?

NNk -

Please name the four strokes of a four-stroke diesel engine according to their sequence.

<7 QO



How many revolutions of the crankshaft does it take for a two-stroke engine to complete one
power stroke? What about a four-stroke one?

Among the four strokes of a four-stroke diesel engine, which strokes are the downward strokes
and which strokes are the upward strokes?

10. Say something about the comparison of two-stroke and four-stroke cycles.

II. Choose the best answer for each of the following:

1.

he

W

=)

7.

Of all types of commercial internal combustion engines now built, the usually gives
the best performance, and hence it is quite commonly used in marine applications, especially in
larger sizes.

A. steam engine B. gasoline engine
C. gas turbine D. diesel engine
Large, slow speed, two-stroke marine diesel engines offer the advantages of the following
except
A. burning poorer quality, cheaper fuel
-~ B. providing large power
C. being reversible
D. using less oil than medium speed engines
The thrust forces from _ will be transferred to the hull of the ship through a thrust
bearing .
A. the propeller B. the engine
C. the impeller D. the crankshaft
Medium specd engines are suitable for passenger ship applications where the space
provided for engines and machinery space is available for paying passengers.
A. smaller/ more B. the smaller/ the more
C. the small/the less D. the small/the much
Most medium-speed diesel engines are meaning that a controllable pitch propeller is
usually employed to cater for astern thrust.
A. non-reversible B. reversible
C. variable D. controllable
In the diescl engine, fucl is admitted directly into the cylinder and combustion takes place as a
result of
A. the heat of compression B. a carburetor
C. a igniter D. the heat given by an outside source
The majority of medium and high-speed diesel engines for main or auxiliary drive operate
on » which takes place during four consecutive strokes, or two complete revolutions,
of the engine.
A. the two-stroke cycle B. the four-stroke cycle
C. the four stroke cycle D. the two stroke cycle
- In a two-stroke engine, the incoming air is pressurized by » which is driven by the
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outgoing exhaust gases.

A. a turbo-blower B. the compressor
C. the piston D. pushrod
9. For a particular engine power the two-stroke engine will be considerably __ the four-stroke
engine—an important consideration for ships.
A. lighter than B. heavier than
C. as light as D. not as light as
10. As its name implies takes place in two consecutive strokes of the engine piston, or one
revolution of the crankshaft. )
A. a two-stroke cycle B. a four-stroke cycle
C. either Aor B D. neither A nor B
11. The most common diesel engine throughout the world is
A. the low speed engine B. the medium speed engine
C. the high-speed engine D. none of the above
12. The operation between two fuel injections is called
A. a power stroke B. a working cycle
C. circulation D. a sequence
13. During working, when the piston is near the » the air ignites the fine spray of fuel.
A.TDC B.DTC
C.BDC D.BCD
14. Compression takes place in the cylinder through the motion of the piston.
A. downward B. upward
C. inward D. outward
15. When the piston of an engine is at the lowest point of its stroke, the engine is said to be on
A. bottom dead center B. inner dead center
C. top dead center D.TDC
16. The two-stroke cycle engine, with one working or power stroke every revolution, will,
theoretically, develop the power of a four-stroke engine of the same swept volume.
A. as much as B. less than
C. twice D. twice as many as
17. For a particular engine power the two-stroke engine will be considerably lighter the
complicated valve operating mechanism of the four-stroke.
A. nor the two-stroke engine requires
B. nor does the two-stroke engine require
C. nor the two-stroke engine require
D. nor do the two-stroke engine require
18. Each type of engine has its applications, which on board ship have resulted in the slow speed

main propulsion diesel operating cycle.
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A. on the four-stroke
B. in the two-stroke
C. on the two-stroke
D. either on the two-stroke or on the four-stroke
19. The four-stroke engine is used for auxiliaries such as alternators and sometimes for main
propulsion with to provide a propeller speed of between 80 and 100 rev/min.
A. a control box B. a governor
C. a monitor D. a gearbox
20. In an engine with air inlet valve and exhaust valve on its cylinder heads the fresh air will enter
into the cylinder and the gases exhaust » there being an adequate overlap
between the inlet opening and the exhaust closing.
A. downwards / upwards B. upwards / downwards
C. downwards / downwards D. upwards / upwards
III. Translate the following into English:
L R SRR IE S S EEH B R EHE S .
2. RIS T LA S SRE, I RIS e thalfED), B2 IKE)
BRAER .
DU APRESEM LA TARAI F LIS 75 2647 RE,  BINRS. R4 IARIHES.
LA RNk bk By, SR RN R D R R E .
E PRSI, A R R — METh PR, ‘
B8 U, e RRSeHAL RS A A R A DU P AR S LRI A5 ThaR . AT, 3SR %54
FIIAMAR RAEIX — AP EI KL 1.8 4.
7. VUHEESEIMAL GEW LA KIS H, A 250~750 vmin) AT KRB, 3 BAREHE
FEHL, FBERR B 90~120 r/min FIESE
IV. Reading comprehension:
Passage 1

AN G

The diesel engine is a type of internal combustion engine that was invented by Rudolf Diesel.
He received a patent for the diesel engine in 1892 and the primary goal was to create an efficient
alternative to the gasoline engine. Both gasoline engines and diesel engines work by creating a
controlled explosion in a sealed piston chamber. The small explosion rapidly moves the piston
which in turn rotates the output shaft. In a gasoline engine, a mixture of fuel and air are injected into
the chamber and then ignited with a spark created by a spark plug. A diesel engine, on the other
hand, does not rely on a sparkplug to ignite the mixture. Fuel is forced into the chamber and the
high pressure generates enough heat to ignite the fuel/air mixture.

Some diesel engines rely on a glow plug to heat the chamber to minimize the amount of
pressure required for the engine to turn. Without such an added heat source, the pressure required to
achieve ignition (especially when the engine is cold) would be prohibitively high. Diesel engines
require diesel fuel for the combustion process to function properly. Diesel fuel is cheaper than
regular gasoline because less refining is required. In addition, diesel engines are more efficient.
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